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(54) ELECTRONIC OVERLOAD RELAY AND ELECTROMAGNETIC SWITCH

(57)  An electronic overload relay includes a bus bar
formed by a conductive metallic material, provided be-
tween an electromagnetic contactor and a load, or be-
tween a circuit breaker and the electromagnetic contac-
tor, and a resistor part arranged between one end and
the other end of the bus bar, and including a shuntresistor
for detecting a value of a current flowing through the bus
bar.
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Description
FIELD
[0001] The present invention relates to an electronic

overload relay used for overload protection or the like,
and an electromagnetic switch including the electronic
overload relay.

BACKGROUND

[0002] Electronic overload relays include a current
transformer (CT) for detecting a current flowing through
a load, such as a motor or the like (for example, refer to
International Publication No. WO 2005/139333 A1, now
registered as Japanese Patent No. 4738530). In this type
of electronic overload relay, when the current flows
through the load, for example, the current detected in the
CTisinput to an operation section where the input current
is compared with an abnormal current determination val-
ue. When the value of the input current exceeds the ab-
normal current determination value, the operation sec-
tion determines that an error, such as an overcurrent or
the like, is generated, and outputs a trip signal, to operate
a control circuit of an electromagnetic contactor, and
open-circuit contacts. Hence, the load can be guarded
from a burnout (that is, protected), even when the over-
current is generated.

[0003] However, in the conventional electronic over-
load relay, since the CT is used for a current detector,
the current detector becomes physically large, and only
copes with alternating current (AC). Accordingly, there
is room for improvement in the electronic overload relay
when reducing the size thereof, while coping with AC and
direct current

SUMMARY

[0004] Accordingly, it is an object in one aspect of the
embodiments to provide an electronic overload relay and
an electromagnetic switch, which can reduce the size
thereof, while coping with both the AC and the DC.
[0005] According to one aspect of the embodiments,
an electronic overload relay includes a bus bar formed
by a conductive metallic material, provided between an
electromagnetic contactor and a load, or between a cir-
cuit breaker and the electromagnetic contactor; and a
resistor part arranged between one end and the other
end of the bus bar, and including a shunt resistor for
detecting a value of a current flowing through the bus bar.
[0006] According to another aspect of the embodi-
ments, an electromagnetic switch includes the electronic
overload relay described above, and the electromagnetic
contactor to which the bus bar is connected.

[0007] Other objects and further advantages of the
present invention will now be apparent from the descrip-
tion set forth below in conjunction with the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG.1is an outline view of an electromagnetic switch
including an electronic overload relay according to
one embodiment of the present invention;

FIG. 2 is an enlarged view of a shunt integrated bus
bar illustrated in FIG. 1;

FIG. 3 is a diagram illustrating a circuit configuration
of the electromagnetic switch;

FIG. 4 is a diagram illustrating a circuit configuration
of the electromagnetic switch illustrated in FIG. 1 ac-
cording to a comparison example;

FIG. 5 is a diagram illustrating the shunt integrated
bus bar according to a first modification;

FIG. 6 is a diagram illustrating the shunt integrated
bus bar according to a second modification;

FIG. 7 is a diagram illustrating the shunt integrated
bus bar according to a third modification;

FIG. 8 is a diagram illustrating the shunt integrated
bus bar according to a fourth modification;

FIG. 9 is a diagram illustrating an example of an in-
ternal configuration of a distribution panel;

FIG. 10 is an outline view of the electromagnetic
switch according to a modification;

FIG. 11A is a diagram illustrating an example of a
first configuration of an electromagnetic contactor
having coil terminals; and

FIG. 11B is a diagram illustrating an example of a
second configuration of the electromagnetic contac-
tor having the coil terminals.

DESCRIPTION OF EMBODIMENTS

[0009] Although the electronic overload relays and
electromagnetic switches according to embodiments of
the present invention will be described in detail with ref-
erence to the accompanying drawings, the present in-
vention is not limited to these embodiments.

[0010] In the description of each embodiment, the ex-
pressions parallel, perpendicular, horizontal, vertical, up-
and-down, left-to-right, or the like, used to describe the
direction, may include a deviation that does not impair
the effects of the present invention. An X-axis direction,
a Y-axis direction, and a Z-axis direction represent the
direction parallel to the X-axis direction, the direction par-
allel to the Y-axis direction, and the direction parallel to
the Z-axis, respectively. The X-axis direction, the Y-axis
direction, and the Z-axis direction are perpendicular to
each other. An XY-plane, a YZ-plane, and a ZX-plane
represent the virtual plane parallel to the X-axis direction
and the Y-axis direction, the virtual plane parallel to the
Y-axis direction and the Z-axis direction, and the virtual
plane parallel to the Z-axis direction and the X-axis di-
rection, respectively.

[0011] From FIG. 1 subsequent figures, the direction
of the X-axis direction indicated by an arrow is regarded
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as a plus X-axis (+X-axis) direction, and the direction
opposite to the +X-axis direction is regarded as a minus
X-axis (-X-axis) direction. The direction of the Y-axis di-
rection indicated by an arrow is regarded as a plus Y-
axis (+Y-axis) direction, and the direction opposite to the
+Y-axis direction is regarded as a minus Y-axis (-Y-axis)
direction. The direction of the Z-axis direction indicated
by an arrow is regarded as a plus Z-axis (+Z-axis) direc-
tion, and the direction opposite the +Z-axis direction is
regarded as a minus Z-axis (-Z-axis) direction.

[0012] Further, in the drawings, identical or similar
parts are designated by the same or similar reference
numerals. It should be noted, however, that the drawings
are schematic and not drawn to scale, and relationships
of thicknesses and planar dimensions, ratios of the thick-
nesses of each of the layers, or the like, are different from
the actual scale. Accordingly, the drawings include some
parts in which the relationships and ratios of the dimen-
sions differ from those as illustrated.

[0013] FIG. 1is an outline view of an electromagnetic
switch including an electronic overload relay according
to one embodiment of the presentinvention. As illustrated
in FIG. 1, an electromagnetic switch 100 includes an elec-
tromagnetic contactor 10 that is provided for protective
coordination with a circuit (or wiring) breaker provided on
a power supply side, and an electronic overload relay 20
that is connected in series with the electromagnetic con-
tactor 10.

[0014] The electronic overload relay 20 is installed to
prevent a burnout or the like of the load caused by con-
tinued overload state. The load is a motor or the like, for
example, but may any load that is driven by AC power
or DC power.

[0015] The electronic overload relay 20 is utilized in
combination with the electromagnetic contactor 10, sim-
ilar to a typical thermal relay (or thermal overload relay)
utilizing mechanical contacts. The typical thermal relay
is an overload relay having built-in bimetal and heat el-
ement, and is also referred to as a "thermal overload
relay" because the relay is operated by heat. The thermal
relay uses a bimetal formed by 2 laminated metals having
different coefficients of expansion, such as brass and
amber, and the bimetal bends when the brass expands
as the temperature rises. When an overcurrent flows
through a heat element (winding) that is provided on the
bimetal and the bimetal is deformed thereby, the thermal
relay performs trip operation to open-circuit contacts of
the electromagnetic contactor 10, and interrupt a current
supply from the power supply to the load. In contrast to
the thermal relay utilizing such mechanical contacts, the
electronic overload relay 20 according to this embodi-
ment may be referred to as an "electronic thermal relay",
or simply an "overload relay", which is a semiconductor
switch and relay, or an overload relay utilizing a contact
switch and relay.

[0016] The most standard element to be protected by
the electronic overload relay 20 is the overload element.
The causes of the overload are diverse, and may include
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cases where the load becomes large, a current that is
excessively large compared to a prescribed current flows
due to a short-circuit fault, or the like, for example. When
the load continues to be operated under such an overload
state, the load may reach a high temperature and cause
a burnout fault, and thus, a circuit (main circuit) must be
cut off immediately.

[0017] On the other hand, when the load is a three-
phase motor, for example, a large starting current, gen-
erated at the start of the operation, must be taken into
consideration. Particularly in the case of a motor com-
plying with the top runner standard (top runner induction
motor or IE3 motor), a starting current that is larger than
those of the conventional IE1 and IE2 motors flows for
several seconds. Although the motor will notbe damaged
by this large starting current, it may become impossible
to start the operation of the motor when the overload
element acts thereon.

[0018] In order to cope with such inconveniences of
not being able to start the motor by the starting current,
an operating time of the electronic overload relay 20 is
set so as not to operate until a time when this starting
current is generated. The setting of the operating time
includes a setting that tolerates the overload for a pre-
determined time similar to the protection upon starting,
and a setting that instantaneously cuts off during times
other than the starting, however, the setting is desirably
selected according to the load of interest.

[0019] The electronic overload relay 20 includes func-
tions similar to those of the general overload relay, such
as a trip function in which an internal contact mechanism
performs a trip operation when the overcurrent flows
through the load, a manual reset (or manual return) func-
tion in which the operation is manually reset (or returned)
to a steady state after the trip operation, and an automatic
reset (or automatic return) function in which the operation
is automatically reset (or returned) to the steady state
after a predetermined time elapses, or the like, for exam-
ple. In addition, the electronic overload relay 20 may be
switched between the automatic reset and the manual
reset. These functions are not essential to the present
invention, and a detailed description thereof will be omit-
ted.

[0020] Next, a configuration of a shunt integrated bus
bar 30 having a shunt integrated therein, which is one
feature of this embodiment, will be described with refer-
ence to FIG. 2.

[0021] FIG. 2is an enlarged view of the shunt integrat-
ed bus bar illustrated in FIG. 1. FIG. 2 illustrates one of
the three shunt integrated bus bars 30 illustrated in FIG.
1, but the remaining two shunt integrated bus bars 30
have configurations similar to that of the shuntintegrated
bus bar 30 illustrated in FIG. 2.

[0022] Theshuntintegrated busbar30isan electrically
conductive member in which a resistor part 40 that is a
shunt resistor (that is, includes a shunt resistor), is inte-
grated on a bus bar base 300.

[0023] The bus bar base 300 is a plate-shaped con-
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ductive member formed by a high-conductivity metallic
material for conducting a large amount of current, such
as Cu, Cu-Zn alloys, or the like.

[0024] For example, two insertion holes 30a and 30b,
and a resistor part 40 are formed in the bus bar base
300. The insertion holes 30a and 30b penetrate the bus
bar base 300 in the Z-axis direction, and screws are in-
serted through the insertion holes 30a and 30b. The
screws are fastening members for fixing the shunt inte-
grated bus bar 30 to the electronic overload relay 20.
[0025] The insertion hole 30a is formed in a portion of
the bus bar base 300 near a first end 31 along the plus
X-axis direction. The insertion hole 30b is formed in a
portion of the bus bar base 300 near a second end 32
along the minus X-axis direction.

[0026] The resistor part 40 is a resistor made of a re-
sistive material such as Cu-Mn-Ni alloys, Cu-Ni alloys,
Ni-Cr alloys, or the like. In this embodiment, manganin
(registered trademark) is used as an example of the re-
sistive material forming the resistor part 40. Manganin is
a resistive material composed of copper (86%), manga-
nese (12%), and nickel (2%), for example. Manganin is
non-magnetic, has a high resistivity, and has a low tem-
perature coefficient of resistance compared to that of a
metallic material, such as Cu or the like, which forms the
bus bar base 300.

[0027] The resistor part 40 is provided at a center part
of the bus bar base 300 along the X-axis direction, for
example. The center part of the bus bar base 300 corre-
sponds to a region, located within the entire bus bar base
300, that divides the bus bar base 300 into two halves
with respect to the X-axis direction. The position of the
resistor part 40 is not limited to the central part of the bus
bar base 300, and may be located in a region closer to
the insertion hole 30a than the central part, or in a region
closer to the insertion hole 30b than the central part.
[0028] Two conductive wires 51 and 52 are electrically
connected to respective sides of the resistor part 40. For
example, first ends of the wires 51 and 52 are connected
near ends of the resistor part 40 along the plus-X-axis
direction and the minus-X-axis direction, respectively.
Forexample, both ends of the resistor part40 correspond
to connecting parts between the resistor part 40 and the
bus bar base 300, or parts near the resistor part 40 within
the entire bus bar base 300. Second ends of the wires
51 and 52, opposite to the first ends, are connected to a
detector provided on the printed circuit board 50. Details
of the detector will be described later.

[0029] Since theresistor part40 has aresistance value
thatis low to an extent that enables detection of a current,
it is necessary to make certain that the resistor part 40
does not affect the accuracy, stability, or the like of the
current detection. For example, when the wires 51 and
52 are connected to positioned separated from the re-
sistor part 40, such as positions near the insertion holes
30a and 30b, for example, a voltage drop due to the re-
sistance of the bus bar base 300 is also detected, which
may result in a large current detection error. In addition,
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when the temperature coefficient of resistance of the bus
bar base 300 is large, the resistance value of the bus bar
base 300 varies in response to a slight temperature
change, and the current detection error may also be
caused by the variation in the resistance value of the bus
bar base 300. For this reason, the wires 51 and 52 are
preferably connected to the connecting parts between
the resistor part 40 and the bus bar base 300, or to the
parts near the resistor part 40 within the entire bus bar
base 300. In this embodiment, the wires 51 and 52 are
electrically connected to the resistor part 40. However,
the resistor part 40 may be electrically connected to the
detector by means other than the wires 51 and 52. For
example, a conductive pin, a copper bar, a soldering, a
connector, or the like may be used to electrically connect
the resistor part 40 to the detector.

[0030] Next, an example of a method of manufacturing
the shunt integrated bus bar 30 will be described. When
manufacturing the shunt integrated bus bar 30, a plate-
shaped conductive member formed by copper is butt
welded on both sides of a plate-shaped resistive alloy
including manganin, for example, to form an interface (or
jointarea). The welded plate-shaped composite member
is shaped into a strip to form a vertically elongated shunt
integrated bus bar 30 as illustrated in FIG. 2.

[0031] The method of manufacturing the shunt inte-
grated bus bar 30 is not limited to the manufacturing
method described above. For example, a resistive alloy
film may be etched and formed, as the resistive material,
on a base substrate that is formed by copper, aluminum,
or the like having a low resistivity. The shunt integrated
bus bar 30 may also be manufactured by connecting a
chip-shaped resistor formed by a material having a micro-
electrical resistance, such as a copper-nickel alloy, for
example, to the bus bar base 300 formed by a material
having a resistivity lower than that of the chip-shaped
resistor, such as a copper alloy, and joining boundary
portions of the chip-shaped resistor and the bus bar base
300 by compression bonding or crimping, for example.
[0032] Next, an operation of the electromagnetic
switch 100 according to one embodiment of the present
invention will be described, by referring to FIG. 3.
[0033] FIG. 3 is a diagram illustrating a circuit config-
uration of the electromagnetic switch. FIG. 3 illustrates
a schematic configuration of the electromagnetic switch
100 including the electronic overload relay.

[0034] The electromagnetic contactor 10 and the elec-
tronic overload relay 20 forming the electromagnetic
switch 100 are connected in series to electrical circuits
(of three phases R, S, and T) between the power supply
200 and the load 400.

[0035] The electromagnetic contactor 10 includes a
housing, a fixed core provided inside the housing, a mov-
able core arranged to oppose the fixed core, and a coil
arranged on an outer periphery of a main leg of the fixed
core. When the coil is energized and the movable core
is attracted toward the fixed core, a closing operation of
amovable contact and a fixed contact of a fixed contactor
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is performed.

[0036] The electronic overload relay 20 includes the
resistor part 40, the printed circuit board 50, or the like.
[0037] The printed circuit board 50 includes a detector
1, a operation section 4, a power supply section 2, an
operation current adjuster 3, an electromagnet section
(for example, a solenoid section) 5, an a-contact 6, a b-
contact 7, or the like, for example. Constituent elements
of the printed circuit board 50 are examples, and the con-
figuration of the electronic overload relay 20 according
to this embodiment is not limited thereto.

[0038] The detector 1 detects a voltage across both
ends of the resistor part 40 (that is, a potential difference
in accordance with the value of the current flowing to the
resistor part 40), through the wires 51 and 52. When the
operation section 4 determines that an overcurrent is
generated, based on the potential difference detected by
the detector 1, the operation section 4 inputs a trip signal
4a to the power supply section 2.

[0039] The power supply section 2 includes a trip ca-
pacitor for accumulating a charge by inputting the current
flowing through the resistor part 40, for example, and
discharges the charge accumulated in the trip capacitor
when the trip signal 4a is input thereto. Accordingly, the
contact mechanism may be caused to perform the trip
operation by driving the electromagnet section 5.
[0040] By driving the normally open contact (a-contact
6) by the trip operation, for example, an indicator lamp
(not illustrated) for notifying a user of the trip operation
is turned on, and by driving the normally closed contact
(b-contact 7), the main circuit is open-circuited by releas-
ing the energized coil of the electromagnetic contactor
10 provided in the main circuit. By open-circuiting the
main circuit, the burnout or the like of the load 400 can
be prevented.

[0041] The operation section 4 may be configured to
vary a determination value for detecting the overcurrent
(a value for setting a determination voltage) by varying
avariable resistance value provided in the operation cur-
rent adjustor 3, for example. As a result, it is possible to
cope with various rated loads (for example, loads having
set currents).

[0042] When a predetermined time elapses after the
trip operation, the operation section 4 inputs areset signal
to the power supply section 2, so as to drive the electro-
magnet section 5 by a discharge of a reset capacitor of
the power supply section 2, and cause the contact mech-
anism to perform a reset operation.

[0043] In a case where the electronic overload relay
20is an external power supply type overload relay, power
is supplied from a power supply wiring provided sepa-
rately from the main circuit, even when the main circuit
is cut off by the electromagnetic contactor 10 after the
trip operation. For this reason, the steady state or the
tripped state can be maintained, or both the steady state
and the tripped state can be maintained, by the magnetic
attraction of the electromagnet.

[0044] Further, in acase where the electronic overload
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relay 20 is a self-powered overload relay, and the main
circuit is cut off by the electromagnetic contactor 10 after
trip operation, power is no longer supplied. Consequent-
ly, only the small amount of power accumulated in the
capacitor or the like can be used to maintain the steady
state or the tripped state. For this reason, the magnetic
attraction of a permanent magnet or a mechanical mech-
anism may be used to maintain the steady state. Alter-
natively, an automatic reset operation may be performed
and the steady state may be maintained, without using
the permanent magnet, as described in Japanese Laid-
Open Patent Publication No. 2006-332001, for example.
[0045] A relationship to be satisfied between the mag-
nitude of the overcurrent and the time from the start of
the overcurrent to the contact operation is prescribed in
JIS C 8201-4-1 or the like. For example, JIS C 8201-4-1
prescribes that the operation takes 2 seconds to 30 sec-
onds to start through a current that is 600% of the set
current, the operation is performed within 4 minutes
through a current that is 200% of the set current after the
temperature becomes constant through the set current,
the operation is not performed through the set current
and the operation is performed within 2 hours through a
current that is 125% of the set current after the temper-
ature becomes constant, or the like.

[0046] Next, a configuration of a comparison example
using a CT will be described with reference to FIG. 4.
[0047] FIG. 4 is a diagram illustrating a circuit config-
uration of the comparison example of the electromagnet-
ic switch illustrated in FIG. 1. An electromagnetic switch
100A according to the comparison example includes a
CT 70 in place of the shunt integrated bus bar 30. The
CT 70 is provided on the bus bar base 300.

[0048] When an alternating (AC) current flows through
the bus bar base 300 (primary side), an alternating (AC)
current in accordance with the number of turns flows
through a secondary winding ofthe CT 70, so as to cancel
a magnetic flux generated inside the magnetic core of
the CT 70. This AC current flows through the shunt re-
sistor (not illustrated), and the operation section 4 deter-
mines the overcurrent based on the voltage generated
across both ends of the shunt resistor.

[0049] Since the electromagnetic switch 100A accord-
ing to the comparison example is configured to detect
the overcurrentusing the CT 70 having the magnetic core
or the like, the current detector becomes physically large.
In addition, because the CT 70 cannot detect a direct
current (DC current), when using the load 400 to which
DC power is input, for example, itis necessary to prepare
a current detector for detecting the DC current. The load
400 to which the DC power is input may be an inverter
or the like to which the DC power is input and converted
into AC power for driving a motor, for example.

[0050] On the other hand, since the electromagnetic
switch 100 according to this present embodiment uses
the shunt integrated bus bar 30, it is possible to reduce
the size of the current detector, and to reduce the size
of the electronic overload relay 20. Hence, the electro-
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magnetic switch 100 can be mounted on a compact
switchboard, for example, without being constrained by
the size of the electronic overload relay 20.

[0051] Inaddition, due to the size reduction of the elec-
tronic overload relay 20, a maintenance space inside the
switchboard is expanded, the maintenance work per-
formance is improved, and an error in the wiring or the
like can be prevented.

[0052] Moreover, because the electronic overload re-
lay 20 copes with both the AC and the DC, it is possible
to increase the production of the electronic overload relay
20 having the same specifications, when compared to
separately manufacturing the electronic overload relay
that copes with the AC and the electronic overload relay
that copes with the DC. Accordingly, it is possible to re-
duce the cost of the electronic overload relay 20, by mass
production of the electronic overload relays 20.

[0053] Further, since the configuration of the shunt in-
tegrated bus bar 30 is simple compared to that of the CT
70, it is possible to facilitate managing of manufacturing
tolerances of the shuntintegrated bus bar 30. As aresult,
the yield of the current detector can be improved, and it
is possible to further reduce the manufacturing cost of
the electronic overload relay.

[0054] The shunt integrated bus bar 30 according to
this embodiment may be configured as described below
in conjunction with FIG. 5 through FIG. 8. In FIG. 5
through FIG. 8, those parts that are the same as those
corresponding parts illustrated in FIG. 2 are designated
by the same reference numerals, a description of the
same parts will be omitted, and only the parts that differ
will be described.

[0055] FIG. 5 is a diagram illustrating the shunt inte-
grated bus bar according to a first modification. A shunt
integrated bus bar 30-1 according to the first modification
includes a bus bar base 300A, and the resistor part 40.
[0056] Thebusbarbase 300A is a conductive member
in which two crank members are joined together. More
particularly, the bus bar base 300A includes a first crank
conductor 301 and a second crank conductor 302, which
are crank-shaped conductive members arranged line
symmetrically (or in axial symmetry) with respect to a
virtual line VL1. The virtual line VL1 is parallel to the Z-
axis direction, and passes through the center part of the
bus bar base 300A along the X-axis direction. The center
part of the bus bar base 300A corresponds to the region,
located within the entire bus bar base 300A, that divides
the bus bar base 300A into two halves with respect to
the X-axis direction.

[0057] The resistor part 40 is provided at the center
part of the bus bar base 300A. The resistor part 40 is
provided between the first crank conductor 301 and the
second crank conductor 302 that are arranged line sym-
metrically with respect to the virtual line VL1. The resistor
part40is provided at a bottom portion 303a of a U-shaped
conductor portion 303 that is formed to a generally U-
shape by the first crank conductor 301 and the second
crank conductor 302.
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[0058] The U-shaped conductor portion 303 is a con-
ductive member that is arranged and fitted inside the
housing forming the electronic overload relay 20. The U-
shaped conductor portion 303 fitted inside the housing
include a state where the conductive member is fitted
into and positioned by a positioning groove formed inside
the housing, a state where the conductive member is
fitted onto and positioned by a positioning projection
formed inside the housing, or the like, for example.
[0059] By positioning the conductive member, the in-
terface between the first crank conductor 301 and the
resistor part 40, and the interface between the second
crank conductor 302 and the resistor part 40, are less
affected by the tightening of screws 60 when the bus bar
base 300A is fastened onto the terminals of the electronic
overload relay 20 by the screws 60.

[0060] When a rotation moment acts on the ends of
the bus bar base 300A due to a tightening torque of the
screws 60, a stress is applied to the welded portion (or
interface) between the resistor part 40 and the bus bar
base 300A. Consequently, this can result in a deforma-
tion or cracking at the welded portion, or a slight change
in the resistance value of the welded portion, to thereby
deteriorate the accuracy of the current detection. Accord-
ing to the shunt integrated bus bar 30-1, however, the
conductive portion having the generally U-shape (thatis,
the U-shaped conductor portion 303) is formed by com-
bining two crank-shaped conductive members. When the
U-shaped conductor portion 303 contacts (or fits) inside
the housing of the electronic overload relay 20, the U-
shaped conductor portion 303 makes contact with and
is positioned inside the housing of the electronic overload
relay 20, even when the rotation moment acts on the
ends of the bus bar base 300A. For this reason, even
when the screws 60 are tightened with a large tightening
torque, a movement of the U-shaped conductor portion
303 inside the housing is restricted. Hence, a misalign-
ment or positional error of the bus bar base 300A con-
nected to the resistor part 40 can be reduced. Accord-
ingly, in addition to the interface between the second
crank conductor 302 and the resistor part 40 being less
affected by the tightening of screws 60 when the bus bar
base 300A is fastened onto the terminals of the electronic
overload relay 20 by the screws 60, the welded portion
between the resistor part 40 and the bus bar base 300A
are less affected by the tightening of screws 60, to there-
by reduce the deterioration in the current detection ac-
curacy.

[0061] In addition, by using the shunt integrated bus
bar 30-1, even if the screw is threaded roughly, it is pos-
sible to reduce the deterioration in the current detection
accuracy. Therefore, it is possible to further improve the
yield of the current detector, and further reduce the man-
ufacturing cost of the electronic overload relay.

[0062] FIG. 6 is a diagram illustrating the shunt inte-
grated bus bar according to a second modification. In
FIG. 6, the difference from the shunt integrated bus bar
30-1 illustrated in FIG. 5 is the position of the resistor part
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40. In a shunt integrated bus bar 30-2, the resistor part
40 is provided near a distal end 303c of the U-shaped
conductor portion 303, on the side of an opening 303b
of the entire U-shaped conductor portion 303.

[0063] For example, in a case where a width of the
electronic overload relay 20 along the X-axis direction is
restricted, a width of the bottom portion 303a of the U-
shaped conductor portion 303 along the X-axis direction
becomes narrow. Accordingly, if the resistor part 40 were
provided at the bottom portion 303a, the interface be-
tween the resistor part 40 and the bus bar base 300A
may crack when the bus bar base 300A is bent into the
crank-shape during the manufacturing stage.

[0064] But when the resistor part 40 is provided near
the distal end 303c of the U-shaped conductor portion
303, the resistor part 40 can be provided at a portion
other than the bottom portion 303a of the U-shaped con-
ductor portion 303. Thus, the same effects obtainable by
the shuntintegrated bus bar 30-1 illustrated in FIG. 5 are
also obtainable, and further, the design conditions of the
shunt integrated bus bar 30-2 can have more degree of
freedom.

[0065] FIG. 7 is a diagram illustrating the shunt inte-
grated bus bar according to a third modification. In FIG.
7, the differences from the shunt integrated bus bar 30-1
illustrated in FIG. 5 are that a bus bar 30-3 uses a bus
bar base 300B having one first crank conductor 301, and
that the resistor part 40 is provided at a different location.
More particularly, the resistor part 40 is provided at a
portion excluding two bent portions, namely, a first bent
portion 305 and a second bent portion 306 respectively
having the crank shape, among the entire bus bar base
300B.

[0066] The portion excluding the two bent portions cor-
responds, for example, to a plate-shaped conductor por-
tion 304 provided in a region between the second bent
portion 306 and the second end 32 in the minus X-axis
direction of the bus bar base 300B. The resistor part 40
is provided at an intermediate portion of the plate-shaped
conductor portion 304, for example. The portion exclud-
ing the two bent portions may be a plate-shaped conduc-
tor portion provided in a region between the first bent
portion 305 and the first end 31 in the plus-X-axis direc-
tion of the bus bar base 300B.

[0067] The second bent portion 306 and the plate-
shaped conductor portion 304 are arranged inside the
housing forming the electronic overload relay 20, similar
to the U-shaped conductor portion 303 described above,
and are fitted into a positioning groove formed inside the
housing, or fitted on to make contact with a positioning
projection formed inside the housing, for example.
[0068] Accordingly, when the bus bar base 300B is fas-
tened onto the terminals of the electronic overload relay
20 by the screws 60, the interface between the plate-
shaped conductor portion 304 and the resistor part 40 is
less affected by the tightening of screws 60.

[0069] Further, since the shuntintegrated bus bar 30-3
has a simplified structure compared to the shunt integrat-
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ed bus bar 30-1 described above, a time required for the
bending process is shortened, and itis possible to further
facilitate managing of manufacturing tolerances of the
shunt integrated bus bar 30-3. As a result, the yield of
the current detector can further be improved, and the
manufacturing cost of the electronic overload relay can
be further be reduced.

[0070] FIG. 8 is a diagram illustrating the shunt inte-
grated bus bar according to a fourth modification. In FIG.
8, the difference from the shunt integrated bus bar 30-3
illustrated in FIG. 7 is the position of the resistor part 40.
In a shunt integrated bus bars 30-4, the resistor part 40
is provided in a region between the first bent portion 305
and the second bent portion 306. The region between
the first bent portion 305 and the second bent portion 306
corresponds to a plate-shaped conductor portion 307 ex-
tending in a depth direction of the electronic overload
relay 20.

[0071] For example, in a case where the width of the
electronic overload relay 20 along the X-axis direction is
restricted, the width of the plate-shaped conductor por-
tion 304 along the X-axis direction, extending from one
insertion hole 30a toward the other insertion hole 30b
may become narrow. Accordingly, it may not be possible
to secure a sufficient space in the plate-shaped conduc-
tor portion 304 for forming the resistor part 40.

[0072] According to the shunt integrated bus bar 30-4,
even in the case where the sufficient space in the plate-
shaped conductor portion 304 for forming the resistor
part 40 cannot be secured, the resistor part 40 may be
provided on the portion of the entire first crank conductor
301 extending in the Z-axis direction, that is, on the plate-
shaped conductor portion 307 extending in the depth di-
rection of the electronic overload relay 20. For this rea-
son, the same effects obtainable by the shunt integrated
bus bar 30-3 illustrated in FIG. 7 are obtainable, and fur-
ther, the design conditions of the shunt integrated bus
bar 30-4 can have more degree of freedom.

[0073] As described above, the electronic overload re-
lays according to the embodiments and the modifications
described above include a bus bar provided between an
electromagnetic contactor and a load and formed by a
conductive metallic material, and a resistor arranged in
between one end and the other end of the bus bar, and
including a shuntresistor for detecting a value of a current
flowing through the bus bar. According to this configura-
tion, it is possible to provide an electronic overload relay
capable of both AC current detection and DC current de-
tection, and also capable of coping with a wide current
range. In addition, since the shunt resistor is connected
to the bus bar, it is possible to significantly reduce the
manufacturing cost of the electronic overload relay, while
reducing the size of the current detector. Further, be-
cause the electronic overload relay may be realized as
a thermal relay, it is possible to contribute to the size
reduction of the control panel, unlike the conventional
separately provided unit.

[0074] A monitoring relay is known as a device mount-
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ed with a shunt resistor on the current detector. In such
a monitoring relay, the current coping range is several A
to approximately 10 A and narrow, because of the con-
figuration in which the shunt resistor is mounted on the
printed circuit board.

[0075] On the other hand, in the embodiments and the
modifications described above, the current coping range
can be several tens of A to several hundred A, by forming
the current detector by the bus bar type shunt resistor.
[0076] In addition, since thermal relay is used in com-
bination with the contactor, a configuration in which the
two are integrated with each other may be required in
the form of a product. However, the monitoring relay is
conventionally only available in the form of a separate
unit.

[0077] On the other hand, according to the embodi-
ments and the modifications described above, by forming
the current detector with the shunt resistor formed inte-
grally on the bus bar, the configuration in which the ther-
mal relay and the contactor are integrated with each other
can be realized with a compact size.

[0078] The conventional electronic thermal relay using
the CT is of course designed and manufactured accord-
ing to specifications that satisfy the standard require-
ments, but basically only has a protection function
againstapplication to the line-start motor. For this reason,
although it is possible to cope with the general load or
the IE3 motor with an average starting current, it is nec-
essary to use an expensive separate unit (monitoring re-
lay, for example) having higher functions in order to cope
with a special load or the IE3 motor with a high starting
current. However, such a separate unit has a narrow cur-
rent coping range of several A to approximately 10 A,
and is not suited for achieving the size reduction of the
control panel because of the separate configuration
thereof.

[0079] According to the embodiments and the modifi-
cations described above, a product in the category of the
generally used thermal relay can cope with a DC load
and a special AC load (that is, load with a wide current
variation width), and contribute to the size reduction of
the control panel.

[0080] Until now, the overload protection is provided
by a DC circuit breaker in a high layer of a DC part within
the control panel, or a DC fuse that cannot be reused
after the protection. However, according to the embodi-
ments and the modifications described above, the DC
load can be monitored, measured, and protected foreach
reusable branch circuitin a layer lower than the DC circuit
breaker, which is ideal for the safety design of the DC
circuit.

[0081] Further, until now, with respect to the starting
current of the IE3 motor becoming larger than that of the
conventional IE1 motor, a thermal relay having a rated
current larger than normal is sometimes used as a coun-
termeasure against an erroneous operation that tends to
occur when a thermal relay having the normal rated cur-
rent is used, however, such use of the thermal relay hav-
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ing the rated current larger than normal may not always
be an optimum selection for the protection. On the con-
trary, according to the embodiments and the modifica-
tions described above, it is possible to cope with the IE3
motor having variations in the starting current and char-
acteristics thereof depending on each manufacturer, and
the special motor (having an even higher starting current)
based on the IE3 motor. It is also possible to perform a
setting suited for the load, even in the case of a control
system or the like having a unique load pattern. Hence,
these advantageous features are obtainable in the em-
bodiments and the modifications described above.
[0082] Further, in the embodiments and the modifica-
tions described above, the coping current range can be
set to several tens of A to several hundred A. Moreover,
by including the configuration of this embodiment in the
thermalrelay having the contact integrated configuration,
itis possible to reduce the size of the product, and enable
the size reduction of the control panel.

[0083] The shunt integrated bus bar according to the
embodiments and the modifications described above
may be provided between the circuit breaker (not illus-
trated) and the electromagnetic contactor 10. Details of
this arrangement will be described with reference to FIG.
9and FIG. 10. FIG. 9is adiagram illustrating an example
of an internal configuration of the distribution panel. In
addition, FIG. 10is an outline view of the electromagnetic
switch according to a modification.

[0084] A distribution panel 600 illustrated in FIG. 9 in-
cludes a circuit breaker 81, an electromagnetic switch
100B, or the like. The distribution panel 600 may be in-
cluded in the control panel.

[0085] Thecircuitbreaker81 is connected to the power
supply 200 via a wiring 80. A wiring 82 is connected to a
secondary side (thatis, the load side) of the circuit break-
er 81. One end of the shunt integrated bus bar 30 is con-
nected to the wiring 82. The shunt integrated bus bar 30
is provided in the electronic overload relay 20 of the elec-
tromagnetic switch 100B. The electromagnetic switch
100B includes the electromagnetic contactor 10 and the
electronic overload relay 20, and the electronic overload
relay 20 is provided on the side of the power supply 200
of the electromagnetic contactor 10, that is, between the
circuit breaker 81 and the electromagnetic contactor 10
illustrated in FIG. 9. The circuit breaker 81 is electrically
connected to the electronic overload relay 20 of the elec-
tromagnetic switch 100B, through the wiring 82 and the
shunt integrated bus bar 30. The other end of the shunt
integrated bus bar 30 is connected to the electromagnetic
contactor 10.

[0086] Althoughthe shuntintegrated busbar30isused
in the distribution panel 600, it is possible to use any one
of the shunt integrated bus bar 30-1, the shuntintegrated
bus bar 30-2, the shunt integrated bus bar 30-3, and the
shunt integrated bus bar 30-4 described above, in place
of the shunt integrated bus bar 30.

[0087] The advantages of providing the electronic
overload relay 20 including the shunt integrated bus bar
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30 on the side of the power supply 200 of the electro-
magnetic contactor 10, are as follows.

[0088] A first advantage is that, because a voltage is
applied to the electronic overload relay 20 when the cir-
cuit breaker 61 is turned on, and the voltage is not applied
to the electronic overload relay 20 when the circuit break-
er 61 is turned off, the electronic overload relay 20 can
monitor the state of the circuit breaker 61, thatis, whether
the circuit breaker 61 is on or off, by detecting the voltage
value.

[0089] A second advantage is that the electronic over-
load relay 20 can monitor the phase sequence state (that
is, perform voltage phase-reversal monitoring) of the
power supply by detecting the voltage value. In a case
where the electronic overload relay 20 is connected to
the load side of the electromagnetic contactor 10, the
voltage phase-reversal monitoring cannot be performed.
[0090] A third advantage is that when the electronic
overload relay 20 receives the supply of power from the
main circuit, the electronic overload relay 20 can continue
to operate regardless of the state (on/off) of the electro-
magnetic contactor 10. In the case where the electronic
overload relay 20 is connected to the load side of the
electromagnetic contactor 10, the electronic overload re-
lay 20 cannot continue to operate when the electromag-
netic contactor 10 is turned off.

[0091] Afourth advantage is thatwhen the electromag-
netic contactor 10 has the configuration in which coil ter-
minals are provided on the side of the power supply, the
connection from the electronic overload relay 20 to the
coil terminals may be facilitated. FIG. 11A is a diagram
illustrating a first configuration example of the electro-
magnetic contactor having the coil terminals. FIG. 11B
is a diagram illustrating a second configuration example
of the electromagnetic contactor having the coil termi-
nals. As illustrated in FIG. 11A and FIG. 11B, the elec-
tromagnetic contactor 10 is provided with coil terminals
83 for inputting a control signal to control the on (or short-
circuiting) operation or the off (or open-circuiting) oper-
ation. By providing the coil terminals 83 on the electro-
magnetic contactor 10, the connection is facilitated when
providing the control function of the electromagnetic con-
tactor 10 in the electronic overload relay 20.

[0092] According to the embodiments and the modifi-
cations described above, it is possible to cope with both
the AC and the DC, while reducing the size of the elec-
tronic overload relay. In other words, it is possible to pro-
vide an electronic overload relay and an electromagnetic
switch, which can perform both the AC current detection
and the DC current detection, and also cope with a wide
current range.

[0093] The configurations illustrated in the above em-
bodiments and the modifications are examples of the
contents of the present invention, and may be combined
with other known techniques, or may be partially omitted
or modified, without departing from the spirit of the
present invention.

[0094] Furthermore, the embodiments and the modifi-
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cations described above are examples of apparatuses
and methods for realizing the technical concept of the
present invention, and the technical concept of the
present invention is not limited to the specific materials,
shapes, configurations, layouts, or the like of the com-
ponents or parts that are described.

[0095] Although the modifications are numbered with,
for example, "first," "second," "third," or "fourth," the or-
dinal numbers do not imply priorities of the modifications.
Many other variations and modifications will be apparent
to those skilled in the art.

[0096] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the invention and the concepts
contributed by the inventor to furthering the art, and are
to be construed as being without limitation to such spe-
cifically recited examples and conditions, nor does the
organization of such examples in the specification relate
to a showing of the superiority and inferiority of the in-
vention. Although the embodiments of the present inven-
tion have been described in detail, it should be under-
stood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the
spirit and scope of the invention.

Claims
1. An electronic overload relay (20) comprising:

a bus bar (30, 30-1 to 30-4) formed by a con-
ductive metallic material, provided between an
electromagnetic contactor (10) and aload (400),
or between a circuit breaker (81) and the elec-
tromagnetic contactor (10); and

a resistor part (40) arranged between one end
and the other end of the bus bar, and including
a shunt resistor for detecting a value of a current
flowing through the bus bar.

2. Theelectronicoverloadrelay (20) as claimedin claim
1, wherein the bus bar (30, 30-1 to 30-4) includes a
plate-shaped conductive member (300, 301, 302,
303, 304).

3. Theelectronicoverloadrelay (20) as claimedin claim
1 or 2, wherein the bus bar (30-1, 30-2) includes a
U-shaped conductive member (303) fitted inside a
housing forming the electronic overload relay.

4. Theelectronicoverloadrelay (20)as claimedin claim
3, wherein the resistor part (40) is provided at a bot-
tom portion (303a) of the U-shaped conductive mem-
ber (303).

5. Theelectronicoverloadrelay (20) as claimedin claim
3, wherein the resistor part (40) is provided at a distal
end (303c) near an opening (303b) in the U-shaped
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conductive member (303).

The electronic overload relay (20) as claimed in claim
1, wherein the bus bar (30-1 to 30-4) has a crank-
shaped conductive member (301, 302) fitted inside
a housing forming the electronic overload relay.

The electronic overload relay (20) as claimed in claim
6, wherein

the crank-shaped conductive member (301) in-
cludes a first bent portion (305) and a second bent
portion (306) formed in the crank shape, respective-
ly, and

the resistor part (40) is provided in a region between
one end ofthe bus bar (30-4) and the first bent portion
(305), and in a region between the other end of the
bus bar (30-4) and the second bent portion (306).

The electronic overload relay (20) as claimed in claim
6, wherein

the crank-shaped conductive member (301) in-
cludes a first bent portion (305) and a second bent
portion (306) formed in the crank shape, respective-
ly, and

the resistor part (40) is provided in a region between
the first bent portion (305) and the second bent por-
tion (306).

An electromagnetic switch (100, 100A, 100B) com-
prising:

the electronic overload relay (20) according to
any one of claims 1 to 8; and

the electromagnetic contactor (10) to which the
bus bar (30, 30-1 to 30-4) is connected.
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