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BUS BAR MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The present invention relates to a bus bar module including a plurality
of bus bars. Particularly, the present invention relates to a bus bar module including a

current sensor.

2. Description of Related Art

[0002]  An electrically-driven vehicle using a heavy-current uses a bus bar
module in a power conversion apparatus for outputting electric power to a drive motor.
The power conversion apparatus includes an inverter circuit for converting
direct-current power of a battery into three-phase alternating current power. Since the
power conversion apparatus of the electrically-driven vehicle uses a heavy-current, a
bus bar module is used to transmit a three-phase output of the inverter circuit. The bus
bar module for transmitting a three-phase output has three bus bars extending in parallel
to each other.

[0003]  The power conversion apparatus often includes a current sensor to
monitor a three-phase output current. Since an output current is transmitted via a bus
bar, the current sensor may be attached to the bus bar. A conventional typical current
sensor is constituted by a C-shaped magnetic core surrounding a bus bar, and a
magnetoelectric transducer placed in a gap of the magnetic core. The magnetic core
gathers a magnetic flux generated around the bus bar due to a current flowing through
the bus bar. The magnetic flux thus gathered by the magnetic core pass through the
magnetoelectric  transducer placed in the gap of the magnetic core.  The
magnetoelectric transducer detects a magnetic flux density of the magnetic flux to pass
therethrough. Since a current has a unique relationship with a magnetic flux density,
the detected magnetic flux density corresponds to a magnitude of the current flowing
through the bus bar.

[0004] In recent years, the sensitivity of the magnetoelectric transducer has
improved, and a current sensor including only a magnetoelectric transducer without a
magnetic core has been developed. Such a current sensor is compact because the
magnetic core is not provided therein. However, without the magnetic core, the

sensitivity is often insufficient.
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[6005] In view of this, a technique to increase sensitivity of a current sensor
without a magnetic core has been proposed in Japanese Patent Application Publication
No. 2006-244831 (JP 2006-244831 A) and Japanese Patent Application Publication
No. 2001-74783 (JP 2001-74783 A). The technique of JP 2006-244831 A is as follows.
A notch is provided in an elongated conductor (bus bar). A magnetoelectric transducer
is placed so as to be opposed to that part of a side surface of the bus bar in which the
notch is provided. A sectional area of that part of the bus bar in which the notch is
provided is smaller than a sectional area of the other part of the bus bar. Generally, as
the sectional area becomes smaller, a current density is increased. As the current
density becomes higher, a magnetic flux density caused around the bus bar due to the
current is increased. By providing the magnetoelectric transducer in the notch, the
magnetoelectric transducer can be provided at a position where a relatively high
magnetic flux density occurs in the bus bar. As a result, the sensitivity of current
measurement (detectivity of a magnetic flux caused due to a current) by the
magnetoelectric transducer is improved.

[0006] The technique of JP 2001-74783 A is as follows. The technique of JP
2001-74783 A relates to a current sensor for measuring currents flowing through bus
bars placed in parallel like the bus bar module. Each of the bus bars is provided with a
crank-shaped folding portion, and a magnetoelectric transducer is placed in the folding
portion. The folding portions of the bus bars in parallel to each other are provided at
different positions in an extending direction of the bus bars. Accordingly, the
magnetoelectric transducers are also placed at the different positions from each other in
the extending direction. Since the positions of the magnetoelectric transducers are
different in the extending direction of the bus bars, the crank-shaped folding portion of
the bus bar does not affect the magnetoelectric transducers placed in the other bus bars.
That is, the technique of JP 2001-74783 A prevents a SN ratio of a magnetoelectric
transducer for measuring a magnetic field of a bus bar from decreasing under the
influence of a crank-shaped folding portion of its adjacent bus bar.

[0007] Further, in JP 2001-74783 A, the layout of a bus bar 11 is determined so
that a magnetic flux generated from the bus bar 11 adjacent to a target bus bar 10 to be
measured by a magnetoelectric transducer is parallel to a magnetic sensing surface of
the magnetoelectric transducer. Accordingly, a magnetic flux density generated from
the bus bar 11 is hard to penetrate through the magnetic sensing surface of the
magnetoelectric transducer. This makes it possible to restrain the influence of the bus

bar 11 with respect to the magnetoelectric transducer.
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SUMMARY OF THE INVENTION

[0008] The present specification provides a bus bar module that restrains the
influence of a magnetic field generated from an adjacent bus bar and increases a SN
ratio of current measurement, by a technique different from a conventional technique.

[0009) A bus bar module described in the present specification has the
following configuration. The bus bar module is equipped with a current sensor, and
includes a first bus bar, a second bus bar, and a first magnetoelectric transducer. The
second bus bar is placed in parallel to the first bus bar. The first magnetoelectric
transducer is placed so as to be opposed to a side surface of the first bus bar. A
sectional area of the first bus bar is smaller than a sectional area of the second bus bar in
a first section. The first section is a section passing through the first magnetoelectric
transducer and perpendicular to an extending direction of the first and second bus bars.
According to this configuration, it is possible to restrain the influence of a magnetic
field generated from an adjacent bus bar, and to increase an SN ratio of current
measurement. Note that the "extending direction" is a longitudinal direction of a bus
bar, which is an elongated metal plate (bar), and indicates a direction where a current

flows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a perspective view of a bus bar module of an embodiment;

FIG. 2 is a perspective view of a bus bar module (a state where a substrate is
removed);

FIG. 3A is a sectional view of a bus bar module taken along a line IIIA-IIIA in FIG.

FIG. 3B is a sectional view of the bus bar module taken along a line IIIB-IIIB in
FIG I;

FIG. 4 is a view illustrating a relationship between a magnetic flux density
generated around a bus bar and a magnetoelectric transducer;

FIG. 5 is a perspective view of a bus bar (bus bar module) of a first modification;

FIG. 6 is a sectional view of the bus bar (bus bar module) of the first modification;
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FIG. 7 is a perspective view of a bus bar (bus bar module) of a second
modification;

FIG. 8 is a perspective view of a bus bar (bus bar module) of a third modification;

FIG. 9A is a sectional view of a magnetoelectric transducer when the
magnetoelectric transducer is placed so as to be opposed to a narrow side surface of a
bus bar;

FIG. 9B is a sectional view of a magnetoelectric transducer when the
magnetoelectric transducer is placed so as to be opposed to a wide side surface of the
bus bar;

FIG. 10 is graphs of simulations of magnetic flux densities at respective positions
of the magnetoelectric transducers in the case of FIG. 9A and in the case of FIG. 9B; and

FIG. 11 is a perspective view of a bus bar (bus bar module) of a fourth

modification.

DETAILED DESCRIPTION OF EMBODIMENTS

[0011] A first magnetoelectric transducer measures a magnetic flux (magnetic
flux density) generated around a first bus bar due to a current flowing through the first
bus bar. A magnitude of the magnetic flux density measured by the first
magnetoelectric transducer uniquely corresponds to a magnitude of the current flowing
through the first bus bar. '

[0012]  The magnetic flux density detected by the first magnetoelectric
transducer includes a magnetic flux density caused due to a current flowing through a
second bus bar. The magnetic flux density caused due to the current flowing through
the second bus bar is noise for the first magnetoelectric transducer. Here, it is known
that, when a current density is increased, a magnetic flux density is increased, in general.
In a bus bar module described in the present specification, a sectional area of the first
bus bar 1s smaller than a sectional area of the second bus bar in a section passing
through the first magnetoelectric transducer and perpendicular to an extending direction.
Accordingly, when it is assumed that currents of the same magnitude flow through the
first bus bar and the second bus bar, a magnetic flux density caused due to the current of
the first bus bar is relatively larger than a magnetic flux density caused due to the
current of the second bus bar. Accordingly, in the magnetic flux density detected by
the first magnetoelectric transducer, the influence of the magnetic flux density caused
due to the current of the second bus bar is relatively decreased with respect to the

magnetic flux density caused due to the current of the first bus bar. That is, in the bus
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bar module described in the present specification, the bus bars parallel to each other in a
detecting point of the magnetic flux have different sectional areas, so as to increase a
SN ratio (Signal Noise Ratio) of the first magnetoelectric transducer.

(0013]  Note that, the bus bar module described in the present invention may
include a magnetoelectric transducer (a second magnetoelectric transducer) for
measuring the current of the second bus bar. In this case, the second magnetoelectric
transducer is placed so as to be opposed to a side surface of the second bus bar in a
position different from the first magnetoelectric transducer in the extending direction.
In a second section passing through the second magnetoelectric transducer and
perpendicular to the extending direction, a sectional area of the second bus bar may be
smaller than a sectional area of the first bus bar. According to the above configuration,
a SN ratio of the second magnetoelectric transducer is improved, similarly to the first
magnetoelectric transducer.

[0014]  In further another aspect of the first and second bus bars, the bus bars
have a flat section. Each of the first bus bar and the second bus bar includes a first
side surface having a wide width and a second side surface having a width narrower
than the first side surface. Here, the "width" indicates a length of the bus bar in a
direction perpendicular to the extending direction. The first bus bar and the second
bus bar are placed so that their respective first side surfaces are opposed to each other.
Further, in another aspect, in the first section, the second bus bar may have a projection
on a side surface distanced from the first bus bar. By providing the projection, a
difference in sectional area between the first bus bar and the second bus bar is increased,
so as to improve the SN ratio. Further, by providing the projection on a distant side
from the first bus bar, that is, the first magnetoelectric transducer, a center, in the first
section, of a current density flowing through the second bus bar can be kept away from
the first magnetoelectric transducer. This accordingly makes it possible to further
reduce the influence given by the current of the second bus bar to the first
magnetoelectric transducer. Note that the center of the current density is a virtual
current path with an infinite current density, represented by a point in a section of a bus
bar. The virtual current path forms an induction field that is the same as an induction
field formed by a current distributed over the section of the bus bar. For example, if
the first section has a rectangular shape, the center of the current density indicates a
centroid of the rectangular shape. In a case where a projection is provided in the
rectangular shape of the section, the centroid of the current density moves to a direction

where the projection projects.
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[0015]  One shape for attaining the difference in sectional area is to provide a
notch in the bus bar. For example, a first notch is provided in the first section in the
first bus bar. A sectional area of the part of the bus bar in which the notch is provided
becomes small. Then, the first magnetoelectric transducer is placed inside the first
notch. Similarly, a second notch is provided in a second section in the second bus bar.
Then, the second magnetoelectric transducer is placed inside the second notch.

[0016] In a case where the notches are provided, it is preferable to use a metal
rod having a flat section, as the first and second bus bars. Further, in that case, it is
preferable that wider side surfaces (the first side surfaces) of the bus bars be placed so
as to be opposed to each other. At this time, the first notch may be provided on a
narrower side surface (the second side surface) of the first bus bar. That is, the first
bus bar is provided with a notch penetrating through the first side surface. By
providing the notch on the narrow side surface, it is possible to deepen the notch in
comparison with a case where the notch is provided on a wide side surface.
Accordingly, a degree of freedom of the placement of the magnetoelectric transducer in
the notch is increased.

[0017] Further, even in a case where sectional areas are the same and
magnitudes of currents are the same, it is found that a current density becomes larger as
an aspect ratio of the section is closer to 1.0. Accordingly, if the notch is provided on
the narrower side surface of the bus bar, the aspect ratio of the section of the bus bar is
decreased. In view of this, in a part where the notch is provided, a current density of
the bus bar is further increased.

[0018] In a case where a plurality of bus bar is constituted by two bus bars, the
difference in sectional area can be realized by a step provided in the bus bars. More
specifically, a step changing from a thick part into a thin part toward one side in the
extending direction is provided in the first bus bar. Further, a step changing from a
thin part into a thick part toward the one side is provided in the second bus bar. The
steps of the two bus bars are placed so that, in the first section, a sectional area of the
first bus bar is smaller than a sectional area of the second bus bar. By placing the first
magnetoelectric transducer so as to be opposed to the thin part of the first bus bar, the
same effect same as the bus bar provided with the notch can be obtained.

[0019] A bus bar module according to an embodiment is described with
reference to the drawings. FIGS. 1 and 2 illustrate a perspective view of a bus bar
module 10. Note that FIG. 2 is a perspective view of the bus bar module in which a

sensor substrate 5 is removed. Further, a laminated unit 50 connected to the bus bar
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module 10 is illustrated in FIGS. 1 and 2. It should be noted that, in FIGS. 1 and 2, the
bus bar module 10 is illustrated in an enlarged manner as compared with the laminated
unit 50.

[0020] First described is an outline of the laminated unit 50. The laminated
unit 50 is a main part of an inverter for supplying electric power to a drive motor of an
electrically-driven vehicle. The laminated unit 50 is a device in which flat-plate power
cards Sla to 51c each formed by sealing power semiconductor elements with resin and
flat-plate coolers 52 are laminated alternately. In each of the power cards, a series
circuit of two power semiconductor elements is embedded. The power semiconductor
element is typically an IGBT (Insulated Gate Bipolar Transistor). An alternating
current to be supplied to a motor is output from a middle of the series circuit.
Terminals 53a to 53¢ are respective output terminals of three power cards 51a to 5lc.
The terminals 53a to 53c output a U-phase alternating current, a V-phase alternating
current, and a W-phase alternating current, respectively. The drive motor of the
electrically-driven vehicle has a large output, so that heavy-currents are output from the
terminals 53a to 53c. In order to transmit the heavy-currents from the power cards to
the motor, the bus bar module 10 with a small internal resistance is used. Generally,
the bus bar is made of an elongated metal plate (or metal rod).

[0021] The bus bar module 10 is an electrically-conductive component for
transmitting alternating current outputs of three phases of UVW of the laminated unit 50
to an external terminal (not shown) of an inverter housing. The bus bar module 10 has
three bus bars 2, 3, 4 for outputting alternating currents of three phases of UVW. The
three bus bars 2, 3, 4 are collectively held in a resin holder 9 so as to be parallel to each
other. One end 12 of the bus bar 2 is connected to the terminal 53a of the power card
51a, one end 13 of the bus bar 3 is connected to the terminal 53b of the power card 51b,
and one end 14 of the bus bar 4 is connected to the terminal 53c of the power card 51c.
The other ends of the three bus bars are connected to a terminal block (not shown)
provided in a casing of the inverter. The three bus bars 2 to 4 extending in parallel are
bent several times so to detour around other devices (not shown).

[0022]  The inverter often includes a current sensor for measuring an output
current so as to perform a feedback control of the output current. The current sensor is
incorporated in the bus bar module 10. Major components of the current sensor are
magnetoelectric transducers 6a to 6c. The magnetoelectric transducer measures a
magnetic field (magnetic flux density) generated around a bus bar caused due to a

current flowing through the bus bar. Note that, in the following description, when the
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magnetoelectric transducers 6a to 6¢ are shown without distinction, they are expressed
as the "magnetoelectric transducer 6."  As illustrated in FIGS. 1, 2, the magnetoelectric
transducer 6 is a coreless sensor without any magnetic cores.

[0023] Sensor signals of the magnetoelectric transducers 6a to 6¢ are converted
to have a magnitude of a current by a signal processing chip (not shown) mounted on
the sensor substrate 5. The current thus measured is transmitted to a controller (not
shown). The magnetoelectric transducer 6a provided so as to be opposed to the bus
bar 2 detects a magnetic flux caused due to a current flowing through the bus bar 2.
The magnetoelectric transducer 6b provided so as to be opposed to the bus bar 3 detects
a magnetic flux caused due to a current flowing through the bus bar 3. The
magnetoelectric transducer 6¢ provided so as to be opposed to the bus bar 4 detects a
magnetic flux caused due to a current flowing through the bus bar 4. The
magnetoelectric transducers 6 provided in respective bus bars and the sensor substrate
correspond to the current sensor.

[0024] FIG 2 is a perspective view of the bus bar module 10 in which the
sensor substrate 5 is removed. Although the magnetoelectric transducers 6 are
attached to a bottom face of the sensor substrate 5, the magnetoelectric transducers 6 are
described separately from the sensor substrate 5 in FIG. 2. Positions of the
magnetoelectric transducers 6 in FIG 2 are positions when the sensor substrate 5 is
attached to the bus bars 2 to 4. Note that, in FIG. 1, the magnetoelectric transducers 6
are described by a hidden line (a broken line).

[0025] As illustrated well in FIGS. 1, 2, the bus bars 2 to 4 are provided with
notches 2a to 4a, respectively, and the magnetoelectric transducers 6 are placed inside
the notches 2a to 4a. The notch is provided on a narrower side surface of the bus bar
having a rectangular section. When expressed from another viewpoint, the notch is
provided so as to penetrate through a wider side surface of the bus bar. Further, the
notches 2a to 4a are provided on side surfaces of the bus bars on the same side.
Furthermore, notches of adjacent bus bars are provided at different positions in an
extending direction (an X-axis direction in the figure). It can be said that the bus bars
2 to 4 have flat sections.

[0026] Note that to be "flat" herein includes not only a rectangular shape, but
also an elliptical shape, and a shape partially including a projection. Further, that a
magnetoelectric transducer is placed inside a notch indicates that a space defined by the
notch (a space surrounded by both sides surfaces and a bottom face of the notch) should

include at least part of the magnetoelectric transducer, and the magnetoelectric
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transducer may not be entirely included in the space defined by the notch.  Further, that
notches of adjacent bus bars are provided at different positions in the extending
direction indicates that the notches of the adjacent bus bars are provided at positions
that do not overlap with each other in a direction perpendicular to the extending
direction. In this case, the notches may partially overlap with each other. However, a
magnetoelectric transducer placed inside a notch of one bus bar does not overlap with a
notch of the other bus bar in the direction perpendicular to the extending direction.

[0027] The following describes the sensor substrate 5 that fixes three
magnetoelectric transducers 6. The sensor substrate 5 is placed so that its flat surface
is parallel to the plurality of bus bars 2 to 4. Further, the sensor substrate 5 is fitted to
the notches 2a to 4a of three bus bars 2 to 4. An end of the sensor substrate 5 abuts
with opposed side surfaces of respective notches. Accordingly. the sensor substrate 5
is fitted to the notches, so that relative positions of the plurality of bus bars in a bus-bar
longitudinal direction (the X-axis direction in the figure) are maintained. Further, the
sensor substrate 5 is sandwiched between facing surfaces of adjacent bus bars. For
example, part of the sensor substrate 5 is sandwiched between the bus bar 2 and the bus
bar 3 adjacent to each other. Further, another part of the sensor substrate 5 is
sandwiched between the bus bar 3 and the bus bar 4 adjacent to each other. Since the
sensor substrate 5 abuts with side surfaces of respective bus bars, an interval between
adjacent bus bars is maintained. As such, the sensor substrate 5 supports the
magnetoelectric transducers 6, and further functions to maintain relative positions of
three bus bars 2 to 4. Accordingly, the sensor substrate 5 maintains relative positions
of the plurality of bus bars parallel to each other and the magnetoelectric transducers 6
opposed to respective bus bars, thereby reducing variation in current measurement
accuracy (magnetic flux detection accuracy) at the time of mass production of the bus
bar module.

[0028] A magnetic flux detected by the magnetoelectric transducer 6a includes
a magnetic flux generated from its adjacent bus bar 3. Similarly, a magnetic flux
detected by the magnetoelectric transducer 6b includes magnetic fluxes generated from
its adjacent bus bar 2 and bus bar 4. A magnetic flux generated from a bus bar
adjacent to a target bus bar for detection corresponds to noise. The bus bar module 10
has a structure that restrains influence of noise generated from an adjacent bus bar.
Next will be described the structure to restrain noise.

[0029] FIG. 3A illustrates a section taken along a line IIIA-IIIA in FIG 1.
Further, FIG. 3B illustrates a section taken along a line IIIB-IIIB in FIG !. FIG 3A
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illustrates a section passing through the magnetoelectric transducers 6a and 6c¢ and
perpendicular to the extending direction of the bus bars (the X-axis direction in the
figure). Hereinafter, the extending direction of the bus bars may be just referred to as
the "extending direction.” FIG. 3B illustrates a section passing through the
magnetoelectric transducer 6b and perpendicular to the extending direction.

[0030]  Here, the bus bar 2 and the bus bar 3 adjacent to each other are dealt
with particularly. 1In the section of FIG 3A, the magnetoelectric transducer 6a for
detecting a magnetic flux caused due to a current flowing through the bus bar 2 is
placed so as to be opposed to a bottom face of the notch 2a of the bus bar 2.  Further,
in the section of FIG. 3A, a sectional area of the bus bar 2 is reduced by the notch 2a,
and is smaller than a sectional area of the bus bar 3. Further, in the section of FIG. 3B,
the magnetoelectric transducer 6b for detecting a magnetic flux caused due to a current
flowing through the bus bar 3 is placed so as to be opposed to a bottom face of the notch
3a of the bus bar 3. Further, in the section of FIG. 3B, a sectional area of the bus bar 3
provided with the magnetoelectric transducer 6b is reduced by the notch 3a, and is
smaller than a sectional area of the bus bar 2. That is, in the bus bar module 10, a first
magnetoelectric transducer (e.g., the magnetoelectric transducer 6a) is placed so as to be
opposed to a side surface of a first bus bar (e.g., a bus bar 2). A sectional area of the
first bus bar (the bus bar 2) in a first section (the section of FIG. 3A) passing through the
first magnetoelectric transducer (the magnetoelectric transducer 6a) and perpendicular
to the extending direction is smaller than a sectional area of a second bus bar (the bus
bar 3). A second magnetoelectric transducer (e.g., the magnetoelectric transducer 6b)
is placed so as to be opposed to a side surface of the second bus bar (e.g., the bus bar 3).
A sectional area of the second bus bar (the bus bar 3) in a second section (the section of
FIG. 3B) passing through the second magnetoelectric transducer (the magnetoelectric
transducer 6b) and perpendicular to the extending direction is smaller than the sectional
area of the first bus bar (the bus bar 2). Note that, in parts except the notch, the
sectional area of the bus bar 2 is the same as the sectional area of the bus bar 3. The
same can be true to the bus bar 3 and the bus bar 4 adjacent to each other.

[0031] The following describes an effect of the difference in sectional area.
Generally, as a current density is higher, a magnetic flux density caused due to the
current becomes higher. For example, in a case where a current of the same magnitude
flows, when a sectional area of a current path is smaller and a current density is higher,
a magnetic flux density caused due to the current becomes higher. In the bus bar

module 10 of the embodiment, in the section (FIG 3A) passing through the
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magnetoelectric transducer 6a for detecting a magnetic flux (a current) of the bus bar 2,
the sectional area of the bus bar 2 is smaller than the sectional area of its adjacent bus
bar 3. In a case where currents of the same magnitude flow through the bus bar 2 and
the bus bar 3, a magnetic flux density generated around the bus bar 2 is higher than a
magnetic flux density generated around the bus bar 3 in the section passing through the
magnetoelectric transducer 6a.  Accordingly, sensitivity of the magnetoelectric
transducer 6a with respect to the magnetic flux caused due to the current flowing
through the bus bar 2 becomes relatively high, and sensitivity thereof with respect to the
magnetic flux caused due to the current flowing through the bus bar 3 becomes
relatively low. The magnetoelectric transducer 6a detects the magnetic flux caused
due to the current flowing through the bus bar 2. The magnetic flux density caused
due to the current flowing through the bus bar 3 corresponds to noise for the
magnetoelectric transducer 6a.  Accordingly, with the above configuration, a SN ratio
(Signal Noise Ratio) of the magnetoelectric transducer 6a is increased. The same can
be true to the other magnetoelectric transducers 6b, 6c.

[0032]  Further, in FIG. 3A, a broken line CL indicates a center line passing
through a sectional center C3 of the bus bar 3 and extending in an aligning direction of
the bus bars. The magnetoelectric transducer 6a opposed to the bus bar 2 and the
magnetoelectric transducer 6¢ opposed to the bus bar 4 both pass through the center line
CL. Similarly, as illustrated in FIG. 3B, the magnetoelectric transducer 6b placed so as
to be opposed to the bus bar 3 passes through a center line CL passing through a
sectional center C2 of the bus bar 2 and a sectional center C4 of the bus bar 4 and
extending in the aligning direction. Note that a sectional center is equivalent to a
center of a current density, in a section of a bus bar, of a current flowing through the bus
bar. Here, the center of the current density is a virtual current path with an infinite
current density, represented by a point in the section of the bus bar. The virtual current
path forms an induction field that is the same as an induction field formed by a current
distributed over the section of the bus bar. For example, if the first section has a
rectangular shape, a center of a current density indicates a centroid of the rectangular
shape. In a case where a projection is provided in the rectangular shape of the section,
the center of the current density moves to a direction where the projection projects.

[0033] Advantages of the above layout are described below with reference to
FIG 4. FIG. 4 illustrates the sections of the bus bar 2 and the bus bar 3 in FIG. 3A in
an enlarged manner. As described above, the magnetoelectric transducer 6a for

detecting a magnetic flux density caused due to a current flowing through the bus bar 2
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is placed on the center line CL passing through the sectional center C3 of the adjacent
bus bar 3 and extending in the aligning direction of the plurality of bus bars. Generally,
in a magnetoelectric transducer, a surface for detecting a magnetic flux, that is, a
magnetic sensing surface is determined, and a reference sign 7 indicates the magnetic
sensing surface in FIG. 4.  When the magnetic sensing surface 7 is perpendicular to the
magnetic flux, the sensitivity of magnetic flux detection is highest. ~As illustrated in
FIG 4, the magnetic sensing surface 7 is perpendicular to a magnetic flux G2 caused
due to the current flowing through the bus bar 2, but is parallel to a magnetic flux G3
caused due to the current flowing through the bus bar 3. In other words, the magnetic
flux G2 caused due to the current flowing through the bus bar 2 perpendicularly
intersects with the magnetic sensing surface 7, but the magnetic flux G3 caused due to
the current flowing through the bus bar 3 hardly intersects with the magnetic sensing
surface 7. Hence, the magnetoelectric transducer 6a has high sensitivity to the
magnetic flux generated by the bus bar 2, and has low sensitivity to the magnetic flux
generated by the bus bar 3. That is, an SN ratio of the magnetoelectric transducer 6a is
high. Note that it is assumed that the current flows from a far side on a plane of paper
toward a near side in the section of the bus bar 2 (the bus bar 3). Further, in a case
where a magnetic flux caused due to a current is considered, a current may be supposed
to flow through a sectional center of a bus bar concentratedly. That is, a curved line
indicative of the magnetic flux G2 corresponds to a circle around the sectional center
C2 of the bus bar 2, and a curved line indicative of the magnetic flux G3 corresponds to
a circle around the sectional center C3 of the bus bar 3. The same can be true to the
other magnetoelectric transducers 6b, 6c.

[0034] The above layout can be expressed as follows. That is, the
magnetoelectric transducer 6a opposed to the bus bar 2 is placed so that its magnetic
sensing surface 7 is perpendicular to the straight line CL passing through the sectional
center C3 of the adjacent bus bar 3 and the magnetoelectric transducer 6a.

[0035] In the bus bar module 10 described in FIGS. 1 to 4, the section of each
bus bar is rectangular (flat), and the plurality of bus bars is placed so that their
respective wide side surfaces are opposed to each other. The following describes bus
bar modules in which a shape of a bus bar is different from that of the bus bars 2 to 4
described in FIGS. 1 to 4. That is, modifications of the bus bar module 10 are
described. Note that, in the following description, only the shape of the bus bar is
different from the above, so that a substrate and a whole bus bar module are omitted.

Further, the number of bus bars described in the present specification is not limited in
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particularly provided that the number of bus bars is at least two, but the following
description focuses on two bus bars.

[0036] FIG. 5 is a perspective view of a bus bar module 110 having bus bars
102, 103 according to a first modification. Note that, as described above, a sensor
substrate and a whole bus bar module are omitted. FIG. 5 illustrates only a peripheral
area around magnetoelectric transducers 6a, 6b, and only some parts of the bus bars 102,
103 are illustrated. . The same can be true to the drawings referred to in the following
description.

[0037] The bus bar 102 and the bus bar 103 have a flat section, and are placed
so that their respective wide side surface are opposed to each other. The bus bar 102
and the bus bar 103 are provided with notches 102a, 103a at different positions in their
extending direction. Magnetoelectric transducers 6a, 6b are placed inside respective
notches. The configuration described so far is the same as that of the bus bar module
10 of FIG. 1.

[0038]  The bus bar 102 has, on its wide side surface, a ridge 102b extending in
the extending direction. Similarly, the bus bar 103 has, on its wide side surface, a
ridge 103b extending in the extending direction. As described above, the "extending
direction” indicates a longitudinal direction of the bus bar, and corresponds to the
X-axis direction in the figure. The ridge 103b of the bus bar 103 is provided on a side
surface distanced from its adjacent bus bar 2.

{0039] An advantage of the ridges 102b, 103b is described below. FIG. 6 is a
sectional view taken along a line IV-IV in FIG 5. A section of FIG 6 is a section
passing through the magnetoelectric transducer 6a of the bus bar 102 and perpendicular
to the extending direction. As illustrated well in FIG. 6, the bus bar 102 and the bus
bar 103 are provided so that their wider side surfaces (first side surfaces) among side
surfaces of the bus bars are opposed to each other. The ridge 103b of the bus bar 103
is provided on the side surface distanced from the bus bar 2.  As illustrated in FIG. 6, a
sectional center C103b of the bus bar 3 is separated from the magnetoelectric transducer
6a for detecting a magnetic flux caused due to a current flowing through the adjacent
bus bar 2, by a distance S between the sectional center C103b and a section center
C103a of a case where the ridge 103b is not provided. The sectional center C103b of
the bus bar 3 corresponds to a center of a current density. That is, since the ridge 103b
is provided, the center of the current flowing through the bus bar 103 is separated from
the magnetoelectric transducer 6a. As a result, the influence given by the magnetic

flux caused due to the current flowing through the bus bar 3 to a measured magnetic
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flux density (a measured current) of the magnetoelectric transducer 6a becomes small.
The shape of the bus bar illustrated in FIGS. 5 and 6 further increases an SN ratio of
current measurement (a detected SN ratio of the magnetic flux caused due to the
current).

[0040] The ridge 102b of the bus bar 102 is provided on a side surface
distanced from its adjacent bus bar 103. Accordingly, similarly to the ridge 103b of
the bus bar 103, that influence of a magnetic field generated from the bus bar 102 which
is given to the magnetoelectric transducer 6b is reduced by providing the ridge 102b.
The magnetoelectric transducer 6b is an element for detecting a current (magnetic flux)
of the adjacent bus bar 103.

[0041] Even when a projection is provided instead of the ridge 102b, 103b, the
same effect can be obtained. FIG. 7 illustrates part of a bus bar module 210 including
projections 202b, 203b provided on respective side surfaces of bus bars 202, 203. The
bus bar 202 is provided with a notch 202a, and a magnetoelectric transducer 6a for
detecting a magnetic flux caused due to a current flowing through the bus bar 202 is
placed in the notch 202a. In a section passing through the magnetoelectric transducer
6a, the bus bar 203 adjacent thereto includes the projection 203b provided on its side
surface separated from the magnetoelectric transducer 6a. In the bus bar module 210,
a shape of the section passing through the magnetoelectric transducer 6a is the same as
that in FIG 6. Accordingly, the same effect as the bus bar module 110 can be obtained
from the bus bar module 210. The same effect can be also obtained from the
projection 202b provided in the bus bar 202.

[0042] In the bus bar modules described above, a plurality of bus bars is
provided so that their respective wider side surfaces (the first side surfaces) among the
side surfaces of the bus bars are opposed to each other. In the technique described in
the present specification, the plurality of bus bars may be placed so that their respective
narrower side surfaces (the second side surfaces) among the side surfaces of the bus
bars are opposed to each other. FIG. 8 illustrates part of a bus bar module 310 of a
third modification. FIG. 8 is a perspective view illustrating the placement of two bus
bars 302, 303 adjacent to each other in the bus bar module 310. The bus bars 302 and
303 are placed in parallel to each other so that their respective narrow side surfaces are
opposed to each other. The bus bars 302, 303 include notches 302a, 303a provided on
their wide side surfaces. The notches 302a, 303a are provided at different positions in
an extending direction of the bus bars (the X-axis direction in the figure).

Magnetoelectric transducers 6a, 6b are placed inside respective notches. The
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magnetoelectric transducers 6a, 6b are placed so as to be opposed to bottom faces of the
respective notches. Each of the magnetoelectric transducers 6a, 6b detects a magnetic
field (magnetic flux density) caused due to a current flowing through each of the bus
bars. Since the magnetic field has a unique relationship with the flowing current, a
magnitude of the current flowing through the each of the bus bars can be specified from
the magnetic flux density detected by the each of the magnetoelectric transducers 6a,
6b.

[0043] The bus bar module 10 illustrated in FIGS. 1 to 4 is different from the
bus bar module 310 in FIG. 8 in a posture of the bus bars when viewed from the
extending direction. The technique described in the present specification provides the
bus bar module 10 and the bus bar module 310, but the bus bar module 10 has a higher
SN ratio of current measurement than that of the bus bar module 310. The reason is as
follows.

[0044) FIG. 9A is a sectional view of a magnetoelectric transducer 6 when the
magnetoelectric transducer 6 is placed so as to be opposed to a narrow side surface of a
bus bar 402; and FIG. 9B is a sectional view of a magnetoelectric transducer 6 when the
magnetoelectric transducer 6 is placed so as to be opposed to a wide side surface of a
bus bar 403. In a case of FIG. 9A, a ratio of a width Wa of a side surface (a narrow
side surface) opposed to the magnetoelectric transducer 6 to a width Ha of a side surface
(a wide side surface) intersecting with the above side surface is Wa/Ha = 1/10. In a
case of FIG. 9B, a ratio of a width Wb of a side surface (a wide side surface) opposed to
the magnetoelectric transducer 6 to a width Hb of a side surface (a narrow side surface)
intersecting with the above side surface is Wb/Hb = 10/1. That is, the bus bar 403
corresponds to one obtained by rotating the bus bar 402 by 90 degrees when viewed
from its extending direction. About each of the case of FIG. 9A and the case of FIG.
9B, a strength of a magnetic flux density in a central position of the magnetoelectric
transducer 6 (a point P2 for FIG. 9A, and a point P3 for FIG. 9B) was obtained by
simulation.

[0045] The results of the simulation are shown in FIG. 10. Sectional areas of
the bus bars in the case of FIG. 9A and in the case of FIG. 9B are the same. Further,
the simulation was performed by applying the same current in the case of FIG. 9A and
in the case of FIG. 9B. Group A (a square plot group) is a result of the case of FIG. 9A,
and Group B (a triangular plot group) is a result of the case of FIG. 9B. Note that
Group C (a circular plot group) shows a result of a case where a sectional area is the

same and an aspect ratio is 1.0, namely, a section has a square shape. The groups
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exhibit results obtained by performing the simulation by changing a distance L from a
sectional center of a bus bar to a magnetic flux detection point. In the case of FIG. 9A,
the distance L is a distance from a sectional center C402 of the bus bar to a magnetic
flux detection point P2, and in the case of FIG. 9B, the distance L is a distance from a
sectional center C403 of the bus bar to a magnetic flux detection point P3. Basically,
the distance L in the case of FIG. 9A is longer than the distance L in the case of FIG. 9B.
As shown in the graph of FIG. 10, it is understood that the magnetic flux density at a
point where the magnetoelectric transducer is placed is higher in Group A (a case where
the magnetoelectric transducer is placed so as to be opposed to the narrow side surface
of the bus bar) than Group B (a case where the magnetoelectric transducer is placed so
as to be opposed to the wide side surface of the bus bar). From this result, it is
understood that an SN ratio of current measurement can be increased in the case where
a notch is provided on a narrow side surface of a bus bar and a magnetoelectric
transducer is placed in the notch, as compared with the case where a notch is provided
on a wide side surface of a bus bar and a magnetoelectric transducer is placed in the
notch.

[0046]  Further, the magnetic flux density generated around the bas bar
becomes higher as the aspect ratio of the section is closer to 1.0 (see the result of Group
C in FIG. 10). When a notch is provided on a narrow side surface of a flat section, an
aspect ratio of a sectional shape of the other part of the bus bar becomes closer to 1.0.
This point also contributes to an increase in the SN ratio of current measurement.

[0047] Furthermore, the wide side surfaces of the bus bars are opposed to each
other and the notches are provided on the narrow side surfaces thereof, which yields the
following effect. As illustrated well in FIG. 4, the magnetoelectric transducer 6a for
detecting a magnetic flux caused due to a current flowing through the bus bar 2 has a
positional relationship in which the magnetoelectric transducer 6a is opposed to the
wide side surface of the bus bar 3 adjacent to the bus bar 2 as a current measurement
target (a magnetic flux detection target). As described above, when the
magnetoelectric transducer is placed so as to be opposed to the wide side surface
(Group B in FIG 10), a magnetic flux density detected by the magnetoelectric
transducer becomes small in comparison with the case where the magnetoelectric
transducer is placed so as to be opposed to the narrow side surface (Group A of FIG. 10).
At a position of the magnetoelectric transducer 6a, a magnetic field caused due to a
current flowing through the bus bar 3 is parallel to the magnetic sensing surface 7 of the

magnetoelectric transducer 6a. In the meantime, a magnetic flux caused due to the
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current of the adjacent bus bar 3 (a magnetic flux generated from the current flowing
through the bus bar 3) goes around the bus bar 2 as the current measurement target (the
magnetic flux detection target), but the magnetic flux is generally parallel to the wide
side surface in a range where the magnetic flux is opposed to the wide side surface.
Accordingly, the magnetic flux generated from the bus bar 3 does not penetrate through
the magnetic sensing surface 7 of the magnetoelectric transducer 6a. Further, since the
magnetic field generated from the bus bar 3 is parallel to the wide side surface of the
bus bar 3, even if the position of the magnetoelectric transducer 6a is misaligned in a
width direction of the wide side surface of the bus bar 2 (positive and negative Z-axis
directions in FIG. 4), the magnetic field generated from the bus bar 3 remains parallel to
the magnetic sensing surface of the magnetoelectric transducer 6a. That is, even if the
position of the magnetoelectric transducer is misaligned in parallel to the wide side
surface of the bus bar 3 to some extent, the influence that the magnetoelectric transducer
6a receives from the bus bar 3 is hard to change. That is, even if the position of the
magnetoelectric transducer 6a is misaligned, the magnetoelectric transducer 6a is hard
to be affected by disturbance. All the above-mentioned points contribute to restraining
the influence that the magnetoelectric transducer 6a receives from the bus bar 3 adjacent
to the bus bar 2 as the current measurement target.

[0048] In addition, when the notch is provided on a narrower side surface of
the bus bar having a flat section, it is possible to deepen the notch in comparison with a
case where the notch is provided on a wider side surface. This increases a degree of
freedom of a placement position of the magnetoelectric transducer.

[0049] Next will be described a bus bar module 510 of a fourth modification
with reference to FIG 11. The fourth modification relates to the bus bar module 510
having two bus bars. Two bus bars (a first bus bar 502 and a second bus bar 503) are
placed in parallel to each other. The first bus bar 502 includes a step 502d changing
from a thick part S02f into a thin part 502e toward one side in a bus-bar extending
direction (a positive direction of the X-axis in the figure). The second bus bar 503
includes a step 503d changing from a thin part 503e into a thick part 503f toward the
one side in the bus-bar extending direction (the positive direction of the X-axis in the
figure).

[0050] A magnetoelectric transducer 6a for detecting a magnetic flux caused
due to a current flowing through the first bus bar 502 is placed so as to be opposed to
the thin part 502e of the first bus bar 502. A magnetoelectric transducer 6b for

detecting a magnetic flux (current) caused due to a current flowing through the second
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bus bar 503 is placed so as to be opposed to the thin part 503e of the second bus bar 503.
The thin part 502¢ of the first bus bar 502 is adjacent to the thick part 503f of the second
bus bar 503. The thin part 503e of the second bus bar 503 is adjacent to the thick part
502f of the first bus bar 502. That is, a sectional area (a sectional area of the thin part
502¢) of the first bus bar 502 in a section passing through the magnetoelectric
transducer 6a is smaller than a sectional area (a sectional area of the thick part 503f) of
the second bus bar 503.  Further, a sectional area (a sectional area of the thin part 503¢)
of the second bus bar 503 in a section passing through the magnetoelectric transducer
6b is smaller than a sectional area (a sectional area of the thick part S02f) of the first bus
bar 502.  An SN ratio (an SN ratio of magnetic flux detection) of current measurement
of the bus bar module 510 is also higher than that of the conventional current measuring
device, similarly to the bus bar modules described above.

[0051] A characteristic structure of the bus bar module 510 of the fourth
modification can be expressed as follows. The first bus bar 502 of the bus bar module
510 includes the step 502d changing from the thick part 502f into the thin part 502e
toward one side in its extending direction. The second bus bar 503 includes the step
503d changing from the thin part 503e into the thick part 503f toward the one side.
The magnetoelectric transducer 6a is opposed to the thin part 502e of the first bus bar
502. The first section of the second bus bar 503 is a section of the thick part 503f.

[0052] The following describes a point to keep in mind in regard to the
technique described in the above embodiment. The bus bar module of the embodiment
includes: a first bus bar and a second bus bar placed in parallel to each other; a first
magnetoelectric transducer placed so as to be opposed to a side surface of the first bus
bar; and a second magnetoelectric transducer placed so as to be opposed to a side
surface of the second bus bar. A sectional area of the first bus bar is smaller than a
sectional area of the second bus bar in a section passing through the first
magnetoelectric transducer and perpendicular to an extending direction of the first and
second bus bars. Further, a sectional area of the second bus bar is smaller than a
sectional area of the first bus bar in a section passing through the second
magnetoelectric transducer and perpendicular to the extending direction of the first and
second bus bars. Generally speaking, the technique of the embodiment increases an
SN ratio of current measurement at a point to detect a magnetic field by configuring the
bus bars parallel to each other to have relatively different sectional areas.

[0053] The embodiment relates to a bus bar module for use in transmission of

an output of an inverter. The bus bar module described in the present specification is
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also applicable to devices other than the inverter.

[0054] The bus bar 2 in the bus bar module of FIGS. 1 to 4 corresponds to an
example of the first bus bar, and the bus bar 3 therein corresponds to an example of the
second bus bar. Further, the magnetoelectric transducer 6a placed in the notch 2a of
the bus bar 2 corresponds to an example of the first magnetoelectric transducer, and the
magnetoelectric transducer 6b placed in the notch 3a of the bus bar 3 corresponds to an
example of the second magnetoelectric transducer.

[0055] The technique described in the present specification is applicable to a
bus bar module having two or more bus bars, and the number of bus bars is not limited
in'particular. For example, an inverter for supplying electric power to two three-phase
circuit motors includes six bus bars in total. The technique described in the present
specification is also applicable to a bus bar module including six or more bus bars.

[0056]  The electrically-driven vehicle in the present specification includes an
electric vehicle, a hybrid vehicle, and a fuel-cell vehicle.

[0057] The concrete embodiment of the invention have been described in
detail, but these embodiments are only examples and do not limit the invention
according to Claims. A technique according to Claims includes embodiments obtained
by variously modifying or altering the concrete embodiments exemplified as above.
Technical elements described in the present specification or the drawings exhibit a
technical wusability solely or in various combinations, and are not limited to
combinations as described in Claims as of filing the present application. Further, the
technique exemplified in the present specification or the drawings can achieve a
plurality of objects at the same time, and has a technical usability by achieving one of

those objects.
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CLAIMS:

1. A bus bar module equipped with a current sensor, the bus bar module
comprising:

a first bus bar;

a second bus bar placed in parallel to the first bus bar; and

a first magnetoelectric transducer placed so as to be opposed to a side surface of
the first bus bar, a sectional area of the first bus bar being smaller than a sectional area
of the second bus bar in a first section, and the first section being a section passing
through the first magnetoelectric transducer and perpendicular to an extending direction

of the first and second bus bars.

2. The bus bar module according to claim 1, further comprising:

a second magnetoelectric transducer placed at a position different from the first
magnetoelectric transducer in the extending direction, the second magnetoelectric
transducer being placed so as to be opposed to a side surface of the second bus bar,
wherein; and

a sectional area of the second bus bar is smaller than a sectional area of the first
bus bar in a second section, and the second section is a section passing through the

second magnetoelectric transducer and perpendicular to the extending direction.

3. The bus bar module according to claim 1 or 2, wherein

the first bus bar has a flat section, the first bus bar has a first side surface and a
second side surface, and the first side surface being wider than the second side surface,

the second bus bar has a flat section, the second bus bar has a first side surface and
a second side surface, and the first side surface being wider than the second side surface,
and

the first side surface of the first bus bar and the first side surface of the second bus

bar are placed so as to be opposed to each other.

4. The bus bar module according to any one of claims 1 to 3, wherein
the second bus bar has a projection, and
in the first section, the projection is provided on a side surface of the second bus

bar which is distanced from the first bus bar.
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5. The bus bar module according to claim 1, wherein
the first bus bar has a first notch, and

the first magnetoelectric transducer is placed inside the first notch.

6. The bus bar module according to claim 5, further comprising a second
magnetoelectric transducer, wherein

the second bus bar has a second notch,

the second notch is provided at a position different from the first notch in the
extending direction, and

the second magnetoelectric transducer is placed inside the second notch.

7. The bus bar module according to claim 5 or 6, wherein

the first bus bar has a flat section, the first bus bur has a first side surface and a
second side surface, and the first side surface being wider than the second side surface,

the second bus bar has a flat section, the second bus bar has a first side surface and
a second side surface, and the first side surface being wider than the second side
surface,

the first side surface of the first bus bar and the first side surface of the second bus
bar are placed so as to be opposed to each other, and

the first notch is provided on the second side surface of the first bus bar.

8. The bus bar module according to any one of claims 5 to 7, wherein
the second bus bar has a projection, and
in the first section, the projection is provided on a side surface of the second bus

bar which is distanced from the first bus bar.

9. The bus bar module according to any one of claims 5 to 8, further comprising a
substrate, the first magnetoelectric transducer and the second magnetoelectric
transducer being fixed to the substrate, the substrate being fitted to both the first notch
and the second notch, and the substrate being sandwiched between side surfaces of the

first bus bar and the second bus bar which are opposed to each other.
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