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(54) ELECTRIC VEHICLE POWER RELAY ASSEMBLY AND DRIVING METHOD THEREFOR

(57) A power relay assembly for an electric vehicle
and a driving method thereof according to an embodi-
ment of the present invention connect the first switching
unit and the second switching unit connected in series
with each other in parallel with the relay switch, and by
allowing the first switching unit and the second switching
unit to include semiconductor switching elements and
diodes therein, not only when power is supplied from the
battery to the load side, but also when charging is per-
formed by supplying a charging current to the battery, it
is possible to supply or cut off power while preventing
sparks and arcs at the relay contact point. In addition, by
using the current characteristics of the semiconductor
switching element included in the first switching unit or
the second switching unit, the current is limited by ad-
justing the voltage applied to the semiconductor switch-
ing element so that no more than a constant current flows
during the pre-charge operation, and thus, it is possible
to prevent the rapid current from flowing without installing
a separate resistor.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a power relay
assembly (PRA) and a driving method thereof, and more
particularly, to a PRA for an electric vehicle and a driving
method thereof.

BACKGROUND ART

[0002] In general, a power relay assembly (PRA) is a
power blocking device that connects and disconnects
power from a battery through a Power Control Unit (PCU)
to a motor in electric vehicles and hybrid vehicles, and
is a core component that serves as a main gate for sup-
plying power.
[0003] In addition, the power relay assembly (PRA)
acts as a safety device to completely cut off power in the
event of a system failure or maintenance so that it plays
a very important safety role in electric vehicles/hybrid ve-
hicles.
[0004] These PRAs consist of high-voltage relays such
as precharging relays (450V, 10A or more) and main re-
lays (450V, 100 to 150A or more) and components such
as high voltage/high current bus bars and terminals for
wiring connections to the battery/inverter.
[0005] Among them, the key component is a high volt-
age relay that serves to connect and disconnect high
voltage/high current. Conventionally, as such a high volt-
age relay, a mechanical relay structure in which a special
gas (for example, H2 gas) is injected and sealed to pre-
vent sparks that may occur at the contact point of the
relay is adopted.
[0006] However, since the high voltage relay is heavy
due to special gas, it increases the overall weight of the
PRA. As a result, there is a problem that the fuel efficiency
of the vehicle is lowered.
[0007] In addition, since the high voltage relay not only
has a complicated mechanical structure, but also has a
high material cost of its parts, the price of that part is high.
As a result, there is a problem that the cost of the PRA
is increased.
[0008] In addition, the PRA including the high voltage
relay requires an increase in wiring due to the addition
of peripheral devices. As a result, there is a problem that
the arrangement of the wiring becomes complicated.
[0009] As an example of the prior art for solving these
problems, as shown in FIG. 1, a smart PRA using a sem-
iconductor switching element has been proposed. Korea
Patent No. 10-0559398 shown in FIG. 1 (Title of inven-
tion: vehicle power connection control device for hybrid
and fuel cell) turns on the second main relay 7 that con-
nects the -terminal of the battery and the inverter to each
other at the initial start-up, and before the first main relay
5 is connected, performs pulse width modulation (PWM)
control of the power semiconductor 6 to intermittently flow
current and charge the capacitor 8b in advance, and

forms an equipotential for the same voltage across the
first main relay 5, and then connects the first main relay
5, so that when the first main relay 5 is connected, sparks
are prevented from occurring at both ends of the first
main relay 5.
[0010] In addition, when the power supply is cut off, in
the state where the first main relay 5, the power semi-
conductor 6, and the second main relay 7 are simultane-
ously turned on, only the first main relay 5 is first turned
off. At this time, since the current flowing through the first
main relay 5 continues to flow through the power semi-
conductor 6, the first main relay 5 can safely cut off power
because sparks do not occur at the contact point.
[0011] However, in the case of such prior art, since it
is possible to cut off the normal power while supplying
power from the high voltage battery of the electric vehicle
to the load (inverter) but the operation to cut off the power
when charging the high voltage battery cannot be per-
formed, a new structure of a PRA driving apparatus for
an electric vehicle is required.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0012] The present invention is to provide a power re-
lay assembly for an electric vehicle and a driving method
thereof that can perform power supply and shutdown
while preventing sparking of the relay not only when a
high voltage battery of an electric vehicle is discharged
to supply power to a load, but also when a charging cur-
rent is supplied to a high voltage battery.

TECHNICAL SOLUTION

[0013] According to a first preferred embodiment of the
present invention for solving the above-described prob-
lems, a power relay assembly for an electric vehicle in-
cludes: a first relay connected between a negative ter-
minal of a battery and a negative terminal of a load side;
a second relay connected between a positive terminal of
the battery and a positive terminal of the load side; a first
switching unit having one end connected to one end of
the second relay on the positive terminal side of the bat-
tery and the other end connected to a second switching
unit; the second switching unit is connected to the first
switching unit, one end is connected to the load side one
end of the second relay; a voltage control module con-
figured to output a voltage control signal to the first switch-
ing unit according to a control signal inputted from a con-
trol unit to limit an amount of current flowing through the
first switching unit; and the control unit configured to con-
trol the first relay, the second relay, the first switching
unit, and the second switching unit by outputting a control
signal.
[0014] In addition, each of the first switching unit and
the second switching unit may include: a switching ele-
ment configured to be turned on/off according to a control
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signal inputted from the control unit; and a diode con-
nected in parallel with the switching element.
[0015] Moreover, diodes included in each of the first
switching unit and the second switching unit may have
opposite directions in a forward direction.
[0016] In addition, the diode of the first switching unit
may be set so that the direction towards the positive ter-
minal of the battery is forward, and the diode of the sec-
ond switching unit may be set so that the direction to-
wards the positive terminal of the load side is forward.
[0017] Furthermore, the switching element included in
the first switching unit and the second switching unit may
be implemented as an Insulated Gate Bipolar Transistor
(IGBT) or Field Effect Transistor (FET), wherein the diode
included in the first switching unit and the second switch-
ing unit may be implemented as an internal diode includ-
ed in an IGBT or FET.
[0018] Moreover, when supplying power from the bat-
tery to the load side, the control unit may turn on the first
relay, turn on the switching element of the first switching
unit through the voltage control module to perform pre-
charge by allowing a current outputted from the battery
to flow to the load side through the switching element of
the first switching unit and the diode of the second switch-
ing unit, and when equipotential between both ends of
the second relay is formed, turn on the second relay and
turns off the first switching unit through the voltage control
module.
[0019] In addition, when the power supply from the bat-
tery to the load side is cut off, the control unit may turn
on the switching element of the first switching unit through
the voltage control module to allow the current outputted
from the battery to flow to the load side through the sec-
ond relay, the switching element of the first switching unit,
and the diode of the second switching unit, and then turn
off the second relay, and then turn off the switching ele-
ment of the first switching unit through the voltage control
module to cut off power supply.
[0020] Moreover, when charging current is supplied to
the battery, the control unit may turn on the switching
element of the second switching unit to allow the charging
current to flow to the battery through the switching ele-
ment of the second switching unit and the diode of the
first switching unit, and then form equipotential between
both ends of the second relay, and then turn on the sec-
ond relay to allow the charging current to flow through
the second relay, and then perform regular charging by
turning off the switching element of the second switching
unit.
[0021] Furthermore, when cutting off charging current
supply, the control unit may turn on a switching element
of the second switching unit to allow a charging current
to flow to the battery through a switching element of the
second switching unit and a diode of the first switching
unit, and then turn off the second relay to cut off the charg-
ing current flowing through the second relay, and then
cut off the supply of charging current by turning off the
switching element of the second switching unit.

[0022] In addition, the power relay assembly may fur-
ther include a current sensor installed between a positive
terminal of the battery and one end of the second relay,
and configured to measure at least one of a current out-
putted from the battery and a current flowing into the bat-
tery and output a current value to the control unit, wherein
the control unit may output the control signal according
to a current value inputted from the current sensor.
[0023] In addition, the power relay assembly may fur-
ther include a communication unit configured to perform
communication according to a CAN communication
method or a LIN communication method with a main con-
troller of a vehicle or a Battery Management System
(BMS), receive a control command instructing to start
(ON) or stop (OFF) the power relay assembly from the
main controller or the BMS to output the received control
command to the control unit, and transmit status infor-
mation of the power relay assembly inputted from the
control unit to the main controller or the BMS.
[0024] On the other hand, according to a first preferred
embodiment of the present invention for solving the
above-described problems, a method of driving a power
relay assembly for an electric vehicle including a first re-
lay connected between a negative terminal of a battery
and a negative terminal of a load side, a second relay
connected between a first node to which a positive ter-
minal of the battery is connected and a second node to
which a positive terminal of the load side is connected,
a first switching unit connected between the first node
and a second switching unit, and a second switching unit
connected between the first switching unit and the sec-
ond node, wherein the first switching unit and the second
switching unit include a switching element and a diode
connected in parallel with the switching element, respec-
tively, includes: when supplying power from the battery
to the load side, turning on the first relay; turning on the
switching element of the first switching unit through a
voltage control module to allow the current outputted from
the battery to flow to the load side through the switching
element of the first switching unit and the diode of the
second switching unit to perform pre-charge; and when
equipotential between both ends of the second relay is
formed, turning on the second relay and turning off the
first switching unit through the voltage control module.
[0025] In addition, the method may further include:
when power supply to the load side is cut off from the
battery, turning on the switching element of the first
switching unit through the voltage control module to allow
the current outputted from the battery to flow to the load
side through the second relay and a switching element
of the first switching unit and a diode of the second switch-
ing unit; turning off the second relay; and turning off the
switching element of the first switching unit through the
voltage control module to cut off the power supply.
[0026] In addition, the method may further include:
when charging current is supplied to the battery, turning
on the switching element of the second switching unit to
allow the charging current to flow to the battery through
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the switching element of the second switching unit and
the diode of the first switching unit to form equipotential
between both ends of the second relay; turning on the
second relay to allow a charging current to flow through
the second relay; and performing regular charging by
turning off the switching element of the second switching
unit.
[0027] Furthermore, the method may further include:
when cutting off the charging current supply, turning on
a switching element of the second switching unit to allow
a charging current to flow to the battery through a switch-
ing element of the second switching unit and a diode of
the first switching unit; turning off the second relay to cut
off the charging current flowing through the second relay;
and cutting off charging current supply by turning off the
switching element of the second switching unit.
[0028] On the other hand, according to a second pre-
ferred embodiment of the present invention for solving
the above-described problems, a power relay assembly
for an electric vehicle includes: a first relay connected
between a negative terminal of a battery and a negative
terminal of a load side; a second relay connected be-
tween a positive terminal of the battery and a positive
terminal of the load side; a first switching unit having one
end connected to one end of the second relay on the
positive terminal side of the battery and the other end
connected to a second switching unit; the second switch-
ing unit is connected to the first switching unit, one end
is connected to the load side one end of the second relay;
a pre-charge switching unit having one end connected
to one end of the second relay on the positive terminal
side of the battery and the other end connected to a pro-
tective resistance; the protective resistance connected
between the pre-charge switching unit and a connection
node of the first switching unit and the second switching
unit; and a control unit configured to output a control sig-
nal to control on/off of the first relay, the second relay,
the first switching unit, the second switching unit, and the
pre-charge switching unit.
[0029] In addition, each of the first switching unit and
the second switching unit may include: a switching ele-
ment configured to be turned on/off according to a control
signal inputted from the control unit; and a diode con-
nected in parallel with the switching element.
[0030] Moreover, diodes included in each of the first
switching unit and the second switching unit may have
opposite directions in a forward direction.
[0031] In addition, the diode of the first switching unit
may be set so that the direction towards the positive ter-
minal of the battery is forward, and the diode of the sec-
ond switching unit may be set so that the direction to-
wards the positive terminal of the load side is forward.
[0032] Moreover, the switching element included in the
first switching unit and the second switching unit may be
implemented as an Insulated Gate Bipolar Transistor (IG-
BT) or Field Effect Transistor (FET), wherein the diode
included in the first switching unit and the second switch-
ing unit may be implemented as an internal diode includ-

ed in an IGBT or FET.
[0033] In addition, when supplying power from the bat-
tery to the load side, the control unit may turn on the first
relay, turn on the pre-charge switching unit to perform
pre-charge by allowing a current outputted from the bat-
tery to flow to the load side through the pre-charge switch-
ing unit and the diode of the second switching unit, and
when equipotential between both ends of the second re-
lay is formed, turn on the second relay and turns off the
pre-charge switching unit.
[0034] In addition, when the power supply from the bat-
tery to the load side is cut off, the control unit may turn
on the switching element included in the first switching
unit to allow the current outputted from the battery to flow
to the load side through the second relay, the switching
element of the first switching unit, and the diode of the
second switching unit, and then turn off the second relay,
and then turn off the switching element included in the
first switching unit to cut off power supply.
[0035] Moreover, when charging current is supplied to
the battery, the control unit may turn on the switching
element of the second switching unit to allow the charging
current to flow to the battery through the switching ele-
ment of the second switching unit and the diode of the
first switching unit, and then form equipotential between
both ends of the second relay, and then turn on the sec-
ond relay to allow the charging current to flow through
the second relay, and then perform regular charging by
turning off the switching element of the second switching
unit.
[0036] In addition, when cutting off charging current
supply, the control unit may turn on a switching element
of the second switching unit to allow a charging current
to flow to the battery through a switching element of the
second switching unit and a diode of the first switching
unit, and then turn off the second relay to cut off the charg-
ing current flowing through the second relay, and then
cut off the supply of charging current by turning off the
switching element of the second switching unit.
[0037] Furthermore, the power relay assembly may
further include a current sensor installed between a pos-
itive terminal of the battery and one end of the second
relay, and configured to measure at least one of a current
outputted from the battery and a current flowing into the
battery and output a current value to the control unit,
wherein the control unit may output a control signal ac-
cording to the current value inputted from the current sen-
sor.
[0038] In addition, the power relay assembly may fur-
ther include a communication unit configured to perform
communication according to a CAN communication
method or a LIN communication method with a main con-
troller of a vehicle or a Battery Management System
(BMS), receive a control command instructing to start
(ON) or stop (OFF) the power relay assembly from the
main controller or the BMS to output the received control
command to the control unit, and transmit status infor-
mation of the power relay assembly inputted from the
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control unit to the main controller or the BMS.
[0039] On the other hand, according to a second pre-
ferred embodiment of the present invention for solving
the above-described problems, a method of driving a
power relay assembly for an electric vehicle including a
first relay connected between a negative terminal of a
battery and a negative terminal of a load side, a second
relay connected between a first node to which a positive
terminal of the battery is connected and a third node to
which a positive terminal of the load side is connected,
a first switching unit connected between the first node
and a second node, a second switching unit connected
between the second node and the third node, and a pre-
charge switching unit and a protective resistance con-
nected in series between the first node and the second
node, wherein each of the first switching unit and the
second switching unit includes a switching element and
a diode connected in parallel with the switching element,
includes: when supplying power from the battery to the
load side, turning on the first relay; turning on the pre-
charge switching unit to allow the current outputted from
the battery to flow to the load side through the pre-charge
switching unit and the diode of the second switching unit
to perform pre-charge; and when equipotential between
both ends of the second relay is formed, turning on the
second relay and turning off the pre-charge switching
unit.
[0040] In addition, the method may further include:
when power supply from the battery to the load side is
cut off, turning on the switching element included in the
first switching unit to allow the current outputted from the
battery to flow to the load side through the second relay
and a switching element of the first switching unit and a
diode of the second switching unit; turning off the second
relay; and turning off the switching element included in
the first switching unit to cut off the power supply.
[0041] Moreover, the method may further include:
when charging current is supplied to the battery, turning
on the switching element of the second switching unit to
allow the charging current to flow to the battery through
the switching element of the second switching unit and
the diode of the first switching unit to form equipotential
between both ends of the second relay; turning on the
second relay to allow a charging current to flow through
the second relay; and performing regular charging by
turning off the switching element of the second switching
unit.
[0042] Furthermore, the method may further include:
when cutting off the charging current supply, turning on
a switching element of the second switching unit to allow
a charging current to flow to the battery through a switch-
ing element of the second switching unit and a diode of
the first switching unit; turning off the second relay to cut
off the charging current flowing through the second relay;
and cutting off charging current supply by turning off the
switching element of the second switching unit.

ADVANTAGEOUS EFFECTS

[0043] A power relay assembly for an electric vehicle
and a driving method thereof according to the first em-
bodiment of the present invention connect the first switch-
ing unit and the second switching unit connected in series
to each other in parallel with the relay switch, and allow
the first switching unit and the second switching unit to
include semiconductor switching elements and diodes
therein, so that not only when power is supplied from the
battery to the load side, but also when charging is per-
formed by supplying a charging current to the battery, it
is possible to supply or cut off power while preventing
sparks and arcs at the relay contact point. In addition, by
using the current characteristics of the semiconductor
switching element included in the first switching unit or
the second switching unit, the current is limited by ad-
justing the voltage applied to the semiconductor switch-
ing element so that no more than a constant current flows
during the pre-charge operation, and thus, it is possible
to prevent the rapid current from flowing without installing
a separate resistor.
[0044] A power relay assembly for an electric vehicle
and a driving method thereof according to the second
embodiment of the present invention connect a pre-
charge switching unit and a first switching unit and a sec-
ond switching unit connected in series with each other in
parallel with a relay switch and allow the first switching
unit and the second switching unit to include semicon-
ductor switching elements and diodes therein, so that not
only when power is supplied from the battery to the load
side, but also when charging is performed by supplying
a charging current to the battery, it is possible to supply
or cut off power while preventing sparks and arcs at the
relay contact point.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

FIG. 1 is a view showing an example of a smart PRA
according to the prior art.
FIG. 2 is a view showing the configuration of a PRA
for an electric vehicle according to a first preferred
embodiment of the present invention.
FIGS. 3a and 3b are graphs showing output current
characteristics of typical IGBT and FET, respective-
ly.
FIGS. 4a to 4e are views illustrating an operation
process in which power is supplied from a battery to
a load side according to a preferred embodiment of
the present invention.
FIGS. 5a to 5c are views illustrating an operation
process in which charging current is supplied to a
battery according to a first preferred embodiment of
the present invention.
FIG. 6 is a view showing the configuration of a PRA
for an electric vehicle according to a modified em-
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bodiment of the first preferred embodiment of the
present invention.
FIG. 7 is a view showing the configuration of a PRA
for an electric vehicle according to a second pre-
ferred embodiment of the present invention.
FIGS. 8a to 8e are views illustrating an operation
process in which power is supplied from a battery to
a load side according to a second preferred embod-
iment of the present invention.
FIGS. 9a to 9c are views illustrating an operation
process in which charging current is supplied to a
battery according to a second preferred embodiment
of the present invention.
FIG. 10 is a view showing the configuration of a PRA
for an electric vehicle according to a modified em-
bodiment of the second preferred embodiment of the
present invention.

MODE FOR CARRYING OUT THE INVENTION

[0046] Hereinafter, preferred embodiments of the
present invention will be described with reference to the
accompanying drawings.
[0047] FIG. 2 is a view showing a configuration of a
power relay assembly (PRA) for an electric vehicle ac-
cording to a first preferred embodiment of the present
invention.
[0048] Referring to FIG. 2, a PRA for an electric vehicle
according to the first preferred embodiment of the present
invention (hereinafter abbreviated as "driving device") in-
cludes a first relay 210, a second relay 220, a first switch-
ing unit 110, a second switching unit 120, a voltage con-
trol module 130, a current sensor 400, and a control unit
300. Hereinafter, the operation of each component will
be described.
[0049] The first relay 210 is connected between the -
terminal of the battery 500 and the - terminal of the load
side 600, and when power is supplied to the load side
600 and the battery 500 is charged according to the con-
trol signal of the control unit 300, the first relay 210 is first
turned on to electrically connect the-terminal of the bat-
tery 500 and the load side 600-terminal, and when power
supply is stopped and charging is stopped, the first relay
210 is turned off at the end, thereby electrically discon-
necting the - terminal of the battery 500 and the - terminal
of the load side 600.
[0050] The second relay 220 is connected between the
+ terminal of the battery 500 and the + terminal of the
load side 600, and is turned on according to the control
signal of the control unit 300, so that regular power is
supplied to the load side 600, and the second relay 220
allows the charging current to be supplied from the charg-
ing device (not shown) connected to the load side 600
to the side of the battery 500.
[0051] The first switching unit 110 and the second
switching unit 120 are connected in series with each oth-
er, and the first switching unit 110 and the second switch-
ing unit 120 connected in series with each other are con-

nected in parallel to both ends of the second relay 220.
[0052] One end of the first switching unit 110 is con-
nected to one end of the second relay 220 on the positive
terminal side of the battery 500, and the other end of the
first switching unit 110 is connected to one end of the
second switching unit 120 to control the flow of current
according to the voltage control signal inputted from the
voltage control module 130.
[0053] The first switching unit 110 may include a
switching element (hereinafter referred to as a "first
switching element") 111 that is turned on/off according
to a voltage control signal input from the voltage control
module 130, and a diode 113 connected in parallel there-
to.
[0054] The first switching element 111 may be imple-
mented with a semiconductor switching element, for ex-
ample, an Insulated Gate Bipolar Transistor (IGBT) or a
Field Effect Transistor (MOS-FET). The diode 113 con-
nected in parallel with the semiconductor switching ele-
ment 111 is connected in parallel with the semiconductor
switching element 111 such that when the semiconductor
switching element 111 is turned on, the direction opposite
to the current flowing in the semiconductor switching el-
ement 111 becomes the forward direction of the diode
113, and the diode 113 may be a separate diode com-
bined with a semiconductor switching element 111, or
may be implemented with a diode inside the semicon-
ductor switching element 111 like a parasitic diode.
[0055] Moreover, one end of the second switching unit
120 is connected to the other end of the first switching
unit 110, and the other end is connected to one end of
the load side 600 of the second relay 220 to control the
flow of current according to the control signal of the con-
trol unit 300.
[0056] The second switching unit 120 may include a
switching element (hereinafter referred to as a "second
switching element") 121 which is turned on/off according
to the control signal of the control unit 300, and a diode
123 connected in parallel thereto. The second switching
element 121 may be implemented as a semiconductor
switching element, and the diode 123 connected in par-
allel with the semiconductor switching element is con-
nected in parallel with the semiconductor switching ele-
ment 121 such that the direction opposite to the current
flowing when the semiconductor switching element 121
is turned on is to be forward.
[0057] In the first preferred embodiment of the present
invention, the switching element 121 may be implement-
ed as an IGBT or FET, and the diode 123 connected in
parallel to the switching element 121 may be implement-
ed as a separate diode or may be implemented as an
internal diode of the semiconductor switching element
like a parasitic diode.
[0058] Here, in the case where the diodes 113 and 123
included in the first switching unit 110 and the second
switching unit 120 are implemented with internal diodes,
when switching elements 111 and 121 are IGBTs, it may
be implemented with an internal diode formed between
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the emitter and the collector, and when switching ele-
ments 111 and 121 are FETs, it may be implemented
with an internal diode formed between the source and
drain.
[0059] At this time, the diode 113 of the first switching
unit 110 and the diode 123 of the second switching unit
120 are set to have opposite forward directions, and the
diode 113 of the first switching unit 110 is installed such
that the positive terminal side of the battery 500 from the
second switching unit 120 is in the forward direction, and
the diode 123 of the second switching unit 120 is installed
such that the positive terminal side of the load side 600
from the first switching unit 110 is in the forward direction.
[0060] Furthermore, according to the control signal in-
put from the control unit 300, the voltage control module
130 forms an equipotential across the second relay 220
by turning the first switching element 111 on/off, and limits
the amount of current flowing through the first switching
element 111.
[0061] Specifically, upon receiving the first switching
element 111 turn-on control signal for pre-charge from
the control unit 300, the voltage control module 130 out-
puts a voltage control signal to the first switching element
111 so that current flows within a range in which a current
greater than a predetermined value does not flow accord-
ing to the characteristics of the first switching element
111.
[0062] If the first switching element 111 suddenly turns
on, a large current can be outputted at once from the high
voltage battery 500 to the load side, and this large current
may cause damage to the first switching element 111 as
well as the second switching element 121 and the load
side. Therefore, it is necessary to slowly charge the ca-
pacitor on the load side by limiting the amount of current.
To this end, when the first switching element 111 is im-
plemented as an IGBT, the gate-emitter voltage VGE is
adjusted to operate the IGBT in the active region, and
when the first switching element 111 is implemented as
a FET, the gate-source voltage VGS is adjusted to op-
erate the FET in the saturation region.
[0063] FIGS. 3a and 3b are graphs showing output cur-
rent characteristics of typical IGBT and FET, respective-
ly. This will be described with reference to FIGS. 3a and
3b.
[0064] First, as shown in FIG. 3a, in the case of an
IGBT, when the gate-emitter voltage VGE exceeds the
threshold voltage VTH, current flows, and at this time, as
VCE increases while the collector-emitter voltage VCE
is less than VGE-VTH, the current increases linearly but
if the collector-emitter voltage VCE is greater than VGE-
VTH, the current value remains constant even as VCE
increases. The first preferred embodiment of the present
invention defines this region as the active region, and
when the first switching element 111 is an IGBT, the volt-
age control module 130 outputs the gate voltage and the
emitter voltage so that the first switching element 111
operates in the active region. Particularly, the first pre-
ferred embodiment of the present invention controls the

current flowing through the first switching element 111
to be maintained at 20A or less, and if the graph of FIG.
3a is applied to the present invention, as indicated by the
red dotted line, the voltage control module 130 outputs
the gate voltage and the emitter voltage so that the VGE-
VTH voltage value becomes 2V to 4V, and the collector-
emitter voltage value becomes about 4V to 10V.
[0065] Similarly, as shown in FIG. 3b, in the case of a
MOS-FET, when the gate-source voltage VGS exceeds
the threshold voltage VTH, current flows and at this time,
as the VDS increases while the drain-to-source voltage
(VDS) is less than VGS-VTH, the current increases lin-
early, and when the drain-source voltage VDS is greater
than VGS-VTH, the current value remains constant even
when VDS increases. The first preferred embodiment of
the present invention defines this region as a saturation
region, and when the first switching element 111 is a
MOS-FET, the voltage control module 130 outputs the
gate voltage and the source voltage so that the first
switching element 111 operates in the saturation region.
Particularly, the first preferred embodiment of the present
invention controls the current flowing through the first
switching element 111 to be maintained at 20A or less,
and if the graph of FIG. 3b is applied to the present in-
vention, as indicated by the red dotted line, the voltage
control module 130 outputs the gate voltage and the
source voltage so that the VGS-VTH voltage value be-
comes 2V to 4V and the drain-source voltage value is
about 5V to 10V.
[0066] The current sensor 400 is installed on the pos-
itive terminal side of the battery 500 such that the current
outputted from the battery 500 or the charging current
inputted to the battery 500 is measured and the measured
current value is outputted to the control unit 300.
[0067] The control unit 300 receives and examines the
current value from the current sensor 400, and accord-
ingly, outputs control signals for controlling on/off of the
first relay 210, the second relay 220, the first switching
element 111, and the second switching element 121 to
each component. However, the control signal for control-
ling the first switching element 111 is outputted to the
voltage control module as described above.
[0068] Meanwhile, in the PRA for an electric vehicle
according to the first preferred embodiment of the present
invention shown in FIG. 2, a connection point between
each component is defined as a node and the first pre-
ferred embodiment of the present invention can also be
briefly expressed as follows.
[0069] The first relay 210 is connected between the
negative terminal of the battery 500 and the negative
terminal of the load side 600, and the second relay 220
is connected between the first node N1 to which the pos-
itive terminal of the battery 500 is connected and the sec-
ond node N2 to which the positive terminal of the load
side 600 is connected. The first switching unit 110 is con-
nected between the first node N1 and the second switch-
ing unit 120, and the second switching unit 120 is con-
nected between the first switching unit 110 and the sec-
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ond node N2.
[0070] When the first switching element 111 is imple-
mented as an IGBT (N-type FET), a collector (drain) is
connected to the first node N1, and an emitter (source)
is connected to the second switching element 121. Sim-
ilarly, when the second switching element 121 is imple-
mented as an IGBT (N-type FET), the collector (drain) is
connected to the second node N2, and the emitter
(source) is connected to the first switching element 111.
[0071] Hereinafter, with reference to FIGS. 4a to 5c, a
function of each component of the power relay assembly
for an electric vehicle and a method of driving the power
relay assembly for an electric vehicle according to the
first preferred embodiment of the present invention will
be described.
[0072] FIGS. 4a to 4e are views illustrating an opera-
tion process in which power is supplied from a battery
500 to a load side 600 according to a first preferred em-
bodiment of the present invention. Hereinafter, an oper-
ation process in which power is supplied and cut off from
the battery 500 to the load side 600 according to a pre-
ferred embodiment of the present invention will be de-
scribed with reference to FIGS. 4a to 4e.
[0073] First, in a state where all of the switching ele-
ments are open, when power is supplied from the battery
500 to the load side 600, the control unit 300 turns on
the first relay 210. Then, the control unit 300 outputs a
control signal to turn on the first switching element 111
to the voltage control module 130, and the voltage control
module 130 outputs voltages to the gate and emitter (or
source) of the first switching element 111, respectively,
to turn on the first switching element. At this time, as
described with reference to FIGS. 3a and 3b, the voltage
outputted from the voltage control module 130 to the first
switching element 111 is appropriately selected accord-
ing to the first switching element 111 so that a current of
less than 20A flows through the first switching element
111.
[0074] Then, the current outputted from the battery 500
flows to the load side 600 through the first switching el-
ement 111 and the diode 123 of the second switching
unit 120, and the capacitor included in the load side 600
is pre-charged (see FIG. 4a).
[0075] After the pre-charge is completed, the control
unit 300 turns on the second relay 220, and a current
greater than the current flowing through the first switching
element 111 flows through the second relay 220 (See
FIG. 4b). When pre-charge is completed, since an equi-
potential is formed between both ends of the second relay
220, even when the second relay 220 is turned on, sparks
or arcs are not generated at the contact points of the
second relay 220.
[0076] When the current flows through the second re-
lay 220, the control unit 300 outputs a control signal to
the voltage control module 130 to turn off the first switch-
ing element 111, and the voltage control module 130
turns off the first switching element 111 (see FIG. 4c). In
this case, normal current supply is made from the battery

500 to the load side 600.
[0077] Thereafter, when the power supply is cut off
from the battery 500 to the load side 600, the control unit
300 outputs a control signal to the voltage control module
130, and the voltage control module 130 outputs a control
signal to the gate and emitter (or source) of the first
switching element 111 as in FIG. 4a to turn on the first
switching element 111, and part of the current supplied
from the battery 500 to the load side 600 through the
second relay 220 flows through the first switching ele-
ment 111 and the diode 123 of the second switching unit
120 to the load side 600 (see FIG. 4d).
[0078] The control unit 300 turns off the second relay
220 in the next step, and the current flowing from the
battery 500 to the load side 600 now flows only through
the first switching element 111 (see FIG. 4e). In a state
where the current flows through the second relay 220
and the first switching element 111 together, since both
ends of the second relay 220 form an equipotential, even
when the second relay 220 is turned off, sparks or arcs
are not generated at the contacts of the second relay 220.
[0079] FIGS. 5a to 5c are views illustrating an opera-
tion process in which charging current is supplied to the
battery 500 according to a preferred embodiment of the
present invention.
[0080] First, in a state where all of the switching ele-
ments are open, when starting to supply the charging
current to the side of the battery 500, the control unit 300
turns on the first relay 210 and turns on the second switch-
ing element 121. Then, the charging current flows toward
the battery 500 through the second switching element
121 and the diode 113 of the first switching unit 110 (see
current O), and after that, when the second relay 220 is
turned on, a portion of the charging current flowing
through the second switching element 121 flows toward
the battery 500 through the second relay 220 (see current
2), and as the control unit 300 turns off the second
switching element 121, the charging current flows only
through the second relay 220 so that a regular charging
process is performed (see FIG. 5a).
[0081] In the process of completing the charging by
cutting off the charging current, the control unit 300 turns
on the second switching element 121, and then, a portion
of the charging current supplied to the battery 500
through the second relay 220 flows to the battery 500
through the second switching element 121 and the diode
113 of the first switching unit 110 (see FIG. 5b).
[0082] Thereafter, the control unit 300 turns off the sec-
ond relay 220, and the current flowing to the battery 500
now flows only through the second switching element
121 (see FIG. 5c). In a state where the current flows
through the second relay 220 and the second switching
element 121 together, since both ends of the second re-
lay 220 form an equipotential, even when the second
relay 220 is turned off, sparks or arcs are not generated
at the contacts of the second relay 220.
[0083] Finally, when the control unit 300 turns off the
second switching element 121, the charging current flow-
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ing to the battery 500 is completely cut off, and the charg-
ing process of the battery 500 ends.
[0084] FIG. 6 is a view showing the configuration of a
PRA for an electric vehicle according to a modified em-
bodiment of the first preferred embodiment of the present
invention.
[0085] The control unit 300 of the PRA for an electric
vehicle according to the first embodiment shown in FIGS.
2 to 5c is not limited to a method of communicating with
a main controller (not shown) or a battery management
system (BMS) 700 of the vehicle, but the control unit 300
of the PRA for an electric vehicle according to the mod-
ified embodiment shown in FIG. 6 adopts a method of
performing communication with a main controller (not
shown) or a Battery Management System (BMS) of a
vehicle. For this, the power relay assembly (PRA) further
includes a communication unit 700 to perform CAN com-
munication or LIN communication with the vehicle’s main
controller or BMS through the communication unit 700.
[0086] Referring to FIG. 6, the communication unit 700
of the modified embodiment of the present invention per-
forms communication with the BMS in a CAN communi-
cation method, and the control unit 300 of the PRA re-
ceives a control command indicating an operation start
(PRA ON), maintenance, and operation stop (PRA OFF)
of the PRA from the BMS through the communication
unit 700, and operates the PRA as described with refer-
ence to FIGS. 2 to 5c according to the received control
command.
[0087] In addition, in the process of performing the
on/hold/ off operation of the PRA, whenever the detailed
operations described with reference to FIG. 2 to 5c is
performed, the control unit 300 transmits status informa-
tion indicating each state to the BMS through the com-
munication unit 700, or after the on/hold/off operation of
the PRA is completed, transmits status information indi-
cating this to the BMS as status information through the
communication unit 700. The BMS receives status infor-
mation, checks whether the PRA is abnormal, and con-
trols the PRA based on this.
[0088] In addition, the control unit 300 is connected
directly to the vehicle’s main controller (not shown) or
BMS with a wire, so that when a communication error
occurs between the vehicle’s main controller or the BMS
and the communication unit 700, the control unit 300 pro-
vides a fail-safety function by mutually transmitting and
receiving control commands and status information using
a PWM signal.
[0089] At this time, the control command transmitted
from the vehicle’s main controller or BMS to the control
unit 300 can be identified by adjusting the duty ratio of
the PWM signal. For example, the PRA ON command
can be transmitted as a PWM signal having a duty ratio
of 80% to the control unit 300, and the PRA OFF com-
mand can be transmitted as a PWM signal having a duty
ratio of 30% to the control unit 300, and the control unit
300 may identify the PRA on/off/hold command, etc. by
checking the duty ratio of the received PWM signal. Sim-

ilarly, the control unit 300 may transmit different status
information as a PWM signal by adjusting the duty ratio
of the PWM signal.
[0090] So far, a power relay assembly for an electric
vehicle and a driving method thereof according to a first
embodiment of the present invention have been de-
scribed. Hereinafter, a power relay assembly for an elec-
tric vehicle and a driving method thereof according to a
second embodiment of the present invention will be de-
scribed with reference to FIGS. 7 to 10.
[0091] FIG. 7 is a view showing the configuration of a
PRA for an electric vehicle according to a second pre-
ferred embodiment of the present invention.
[0092] Referring to FIG. 7, a PRA for an electric vehicle
according to a second preferred embodiment of the
present invention (hereinafter abbreviated as "driving de-
vice") includes a first relay 1210, a second relay 1220, a
first switching unit 1110, a second switching unit 1120,
a pre-charge switching unit 1130, a current sensor 1400,
a protective resistance 1140, and a control unit 1300.
Hereinafter, the operation of each component will be de-
scribed.
[0093] The first relay 1210 is connected between the
- terminal of the battery 1500 and the - terminal of the
load side 1600, and when power is supplied to the load
side 1600 and the battery 1500 is charged according to
the control signal of the control unit 1300, the first relay
1210 is first turned on to electrically connect the-terminal
of the battery 1500 and the - terminal of the load side
1600, and when power supply is stopped and charging
is stopped, the first relay 1210 is turned off at the end,
thereby electrically disconnecting the - terminal of the
battery 1500 and the - terminal of the load side 1600.
[0094] The second relay 1220 is connected between
the + terminal of the battery 1500 and the + terminal of
the load side 1600, and is turned on according to the
control signal of the control unit 1300, so that regular
power is supplied to the load side 1600, and the second
relay 1220 allows the charging current to be supplied
from the charging device (not shown) connected to the
load side 1600 to the side of the battery 1500.
[0095] The first switching unit 1110 and the second
switching unit 1120 are connected in series with each
other, and the first switching unit 1110 and the second
switching unit 1120 connected in series with each other
are connected in parallel to both ends of the second relay
1220.
[0096] One end of the first switching unit 1110 is con-
nected to one end of the second relay 1220 on the positive
terminal side of the battery 1500, and the other end of
the first switching unit 1110 is connected to one end of
the second switching unit 1120 to control the flow of cur-
rent according to the control signal from the control unit
1300.
[0097] One end of the second switching unit 1120 is
connected to the other end of the first switching unit 1110,
and the other end is connected to one end of the load
side 1600 of the second relay 1220 to control the flow of
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current according to the control signal from the control
unit 1300.
[0098] The first switching unit 1110 and the second
switching unit 1120 are implemented with switching ele-
ments 1111 and 1121 that are turned on/off according to
the control signal from the control unit 1300, respectively,
and diodes 1113 and 1123 connected in parallel thereto.
The switching elements 1111 and 1121 may be imple-
mented with semiconductor switching elements, and the
diodes 1113 and 1123 connected in parallel with the sem-
iconductor switching elements are connected in parallel
with the semiconductor switching elements 1111 and
1121 such that when the semiconductor switching ele-
ments 1111 and 1121 are turned on, the direction oppo-
site to the current flowing direction becomes the forward
direction.
[0099] Specifically, in a second preferred embodiment
of the present invention, the switching elements 1111
and 1121 may be implemented with Insulated Gate Bi-
polar Transistor (IGBT) or Field Effect Transistor (FET),
and the diodes 1113 and 1123 connected in parallel to
the switching elements 1111 and 1121 may be imple-
mented with separate diodes or may be implemented
with internal diodes of the semiconductor switching ele-
ment like a parasitic diode.
[0100] In the case where the diodes 1113 and 1123
included in the first switching unit 1110 and the second
switching unit 1120 are implemented with internal diodes,
when switching elements 1111 and 1121 are IGBTs, it
may be implemented with an internal diode formed be-
tween the emitter and the collector, and when switching
elements 1111 and 1121 are FETs, it may be implement-
ed with an internal diode formed between the source and
drain.
[0101] At this time, the diode 1113 of the first switching
unit 1110 and the diode 1123 of the second switching
unit 1120 are set to have opposite forward directions,
and the diode 1113 of the first switching unit 1110 is in-
stalled such that the positive terminal side of the battery
1500 from the second switching unit 1120 is in the forward
direction, and the diode 1123 of the second switching
unit 1120 is installed such that the positive terminal side
of the load side 1600 from the first switching unit 1110 is
in the forward direction.
[0102] The pre-charge switching unit 1130 has one end
connected to one end of the second relay 1220 in the
positive terminal side of the battery 1500 and the other
end connected to the protective resistance 1140. That
is, one end of the pre-charge switching unit 1130 is con-
nected to the first node N1, and the second relay 1220,
the first switching unit 1110, and the pre-charge switching
unit 1130 are connected to the first node N1. Further-
more, like the first switching unit 1110 and the second
switching unit 1120, the pre-charge switching unit 1130
includes a semiconductor switching element (hereinaf-
ter, referred to as "pre-charge switching element" 1131)
that is turned on/off according to the control signal of the
control unit 1300 and a diode 1133 connected in parallel

with this, and the pre-charge switching element 1131 is
implemented with an IGBT or FET. The diode 1133 may
also be implemented with a separate diode or may be
implemented with a diode inside the pre-charge switching
element 1131. In addition, the forward direction of the
diode 1133 of the pre-charge switching unit 1130 is set
opposite to the forward direction of the diode 1123 of the
second switching unit 1120.
[0103] The protective resistance 1140 is connected
between the pre-charge switching unit 1130 and the con-
nection node N2 of the first switching unit 1110 and the
second switching unit 1120 so that the rapid current is
prevented from flowing through the pre-charge switching
unit 1130.
[0104] The current sensor 1400 is installed on the pos-
itive terminal side of the battery 1500 such that the current
outputted from the battery 1500 or the charging current
inputted to the battery 1500 is measured and the current
value is outputted to the control unit 1300.
[0105] The control unit 1300 receives and examines
the current value from the current sensor 1400, and ac-
cordingly, outputs to respective components the control
signals for controlling on/off of the first relay 1210, the
second relay 1220, the switching element (hereinafter
referred to as "first switching element") 1111 of the first
switching unit 1110, the switching element (hereinafter
referred to as "second switching element") 1121 of the
second switching unit 1120, and the pre-charge switching
element 1131.
[0106] Meanwhile, in the PRA for an electric vehicle
according to the second preferred embodiment of the
present invention shown in FIG. 7, a connection point
between each component is defined as a node and the
second preferred embodiment of the present invention
can also be briefly expressed as follows.
[0107] The first relay 1210 is connected between the
negative terminal of the battery 1500 and the negative
terminal of the load side 1600, and the second relay 1220
is connected between the first node N1 to which the pos-
itive terminal of the battery 1500 is connected and the
third node N3 to which the positive terminal of the load
side 1600 is connected.
[0108] The first switching unit 1110 is connected be-
tween the first node N1 and the second node N2, and
the second switching unit 1120 is connected between
the second node N2 and the third node N3. The pre-
charge switching unit 1130 and the protective resistance
1140 are connected in series with each other between
the first node N1 and the second node N2.
[0109] In addition, when the pre-charge switching ele-
ment 1131 and the first switching element 1111 are im-
plemented with an IGBT (N-type FET), the collector
(drain) of the switching elements 1131 and 1111 is con-
nected to the first node N1, and the emitter (source) is
connected to the second node N2. Similarly, when the
second switching element 1121 is implemented with an
IGBT (N-type FET), the collector (drain) is connected to
the third node N3, and the emitter (source) is connected
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to the second node N2.
[0110] Hereinafter, with reference to FIGS. 8a to 9c, a
function of each component of the power relay assembly
for an electric vehicle and a method of driving the power
relay assembly for an electric vehicle according to the
second preferred embodiment of the present invention
will be described.
[0111] FIGS. 8a to 8e are views illustrating an opera-
tion process in which power is supplied from a battery
1500 to a load side 1600 according to a second preferred
embodiment of the present invention. Hereinafter, an op-
eration process in which power is supplied and cut off
from the battery 1500 to the load side 1600 according to
a second preferred embodiment of the present invention
will be described with reference to FIGS. 8a to 8e.
[0112] First, in a state where all of the switching ele-
ments are open, when power is supplied from the battery
1500 to the load side 1600, the control unit 1300 turns
on the first relay 1210. Then, the pre-charge switching
element 1131 is turned on. Then, the current outputted
from the battery 1500 flows to the load side 1600 through
the pre-charge switching element 1131, the protective
resistance 1140, and the diode 1123 of the second
switching unit 1120, and pre-charges the capacitor in-
cluded in the load side 1600 (see FIG. 8a).
[0113] After pre-charge is completed, the control unit
1300 turns on the second relay 1220 (ON), and most of
the current flowing through the pre-charge switching el-
ement 1131 flows through the second relay 1220 (see
FIG. 8b). When the pre-charge is completed, since an
equipotential is formed between both ends of the second
relay 1220, even when the second relay 1220 is turned
on, sparks or arcs are not generated at the contact points
of the second relay 1220.
[0114] When the current flows through the second re-
lay 1220, the control unit 1300 turns off the pre-charge
switching element 1131 (see FIG. 8c). In this case, nor-
mal current supply is made from the battery 1500 to the
load side 1600.
[0115] Then, when the power supply is cut off from the
battery 1500 to the load side 1600, the control unit 1300
turns on the first switching element 1111, a portion of the
current supplied from the battery 1500 to the load side
1600 through the second relay 1220 flows to the load
side 1600 through the first switching element 1111 and
the diode 1123 of the second switching unit 1120 (see
FIG. 8d) .
[0116] The control unit 1300 turns off the second relay
1220 in the next step, and the current flowing from the
battery 1500 to the load side 1600 now flows only through
the first switching element 1111 (see FIG. 8e). In a state
where the current flows through the second relay 1220
and the first switching element 1111 together, since both
ends of the second relay 1220 form an equipotential,
even when the second relay 1220 is turned off, sparks
or arcs are not generated at the contacts of the second
relay 1220.
[0117] FIGS. 9a to 9c are views illustrating an opera-

tion process in which charging current is supplied to the
battery 1500 according to a second preferred embodi-
ment of the present invention. FIGS. 9a to 9c are views
illustrating an operation process in which charging cur-
rent is supplied to the battery 1500 according to a second
preferred embodiment of the present invention.
[0118] First, in a state where all of the switching ele-
ments are open, when starting to supply the charging
current to the side of the battery 1500, the control unit
1300 turns on the first relay 1210 and turns on the second
switching element 1121. Then, the charging current flows
toward the battery 1500 through the second switching
element 1121 and the diode 1113 of the first switching
unit 1110 (see current 1), and after that, when the sec-
ond relay 1220 is turned on, a portion of the charging
current flowing through the second switching element
1121 flows toward the battery 1500 through the second
relay 1220 (see current 2), and as the control unit 1300
turns off the second switching element 1121, the charg-
ing current flows only through the second relay 1220 so
that a regular charging process is performed (see FIG.
9a).
[0119] In the process of completing the charging by
cutting off the charging current, the control unit 1300 turns
on the second switching element 1121, and then, a por-
tion of the charging current supplied to the battery 1500
through the second relay 1220 flows to the battery 1500
through the second switching element 1121 and the di-
ode 1113 of the first switching unit 1110 (see FIG. 9b) .
[0120] Thereafter, the control unit 1300 turns off the
second relay 1220, and the current flowing to the battery
1500 now flows only through the second switching ele-
ment 1121 (see FIG. 9c). In a state where the current
flows through the second relay 1220 and the second
switching element 1121 together, since both ends of the
second relay 1220 form an equipotential, even when the
second relay 1220 is turned off, sparks or arcs are not
generated at the contacts of the second relay 1220.
[0121] Finally, when the control unit 1300 turns off the
second switching element 1121, the charging current
flowing to the battery 1500 is completely cut off, and the
charging process of the battery 1500 ends.
[0122] FIG. 10 is a view showing the configuration of
a PRA for an electric vehicle according to a modified em-
bodiment of the second preferred embodiment of the
present invention.
[0123] The control unit 1300 of the PRA for an electric
vehicle according to the second embodiment shown in
FIGS. 7 to 9c is not limited to a method of communicating
with a main controller (not shown) or a battery manage-
ment system (BMS) 1700 of the vehicle, but the control
unit 1300 of the PRA for an electric vehicle according to
the modified embodiment shown in FIG. 10 adopts a CAN
communication method or a LIN communication method
as a method of communicating with the vehicle’s main
controller (not shown) or BMS. For this, the power relay
assembly (PRA) according to the modified embodiment
of the second embodiment further includes a communi-
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cation unit 1700 to perform CAN communication or LIN
communication with the vehicle’s main controller or BMS
through the communication unit 1700.
[0124] The control unit 1300 receives an ON/hold/OFF
command of the PRA from the main control unit (not
shown) or the BMS of the vehicle through the communi-
cation unit 1700, and as described above with reference
to FIGS. 7 to 9c, the control unit 1300 operates the PRA,
and transmits status information of each stage to the main
control unit (not shown) or BMS of the vehicle.
[0125] In addition, the control unit 1300 and the BMS
(or the main control unit of the vehicle) are directly con-
nected through a wire, and if a communication error oc-
curs between the communication unit 1700 and the BMS
(or the main control unit of the vehicle), the control unit
1300 and the BMS (or main control unit of the vehicle)
exchange control commands and status information with
each other by transmitting and receiving a PWM signal
through a wire.
[0126] The function performed between the control unit
1300 and the BMS (or the vehicle main control unit)
through the communication unit 1700 illustrated in FIG.
10 is the same as that described with reference to FIG.
6, so that a detailed description thereof will be omitted.
[0127] So far, the present invention has been focused
on the preferred embodiments. Those skilled in the art
to which the present invention pertains will appreciate
that the present invention may be implemented in a mod-
ified form without departing from the essential character-
istics of the present invention. Therefore, the disclosed
embodiments should be considered in descriptive sense
only not in limited perspective sense. The scope of the
invention is defined not by the detailed description of the
invention but by the appended claims, and all differences
within the scope will be construed as being included in
the present invention.
[0128] According to the second preferred embodiment
of the present invention, the following clauses are de-
fined:

Clause 1. A power relay assembly for an electric ve-
hicle comprising:

a first relay connected between a negative ter-
minal of a battery and a negative terminal of a
load side;
a second relay connected between a positive
terminal of the battery and a positive terminal of
the load side;
a first switching unit having one end connected
to one end of the second relay on the positive
terminal side of the battery and the other end
connected to a second switching unit;
the second switching unit having one end con-
nected to the first switching unit and the other
end connected to the load side one end of the
second relay;
a pre-charge switching unit having one end con-

nected to one end of the second relay on the
positive terminal side of the battery and the other
end connected to a protective resistance;
the protective resistance connected between
the pre-charge switching unit and a connection
node of the first switching unit and the second
switching unit; and
a control unit configured to output a control sig-
nal to control on/off of the first relay, the second
relay, the first switching unit, the second switch-
ing unit, and the pre-charge switching unit.

Clause 2. The power relay assembly of clause 1,
wherein each of the first switching unit and the sec-
ond switching unit comprises:

a switching element configured to be turned
on/off according to a control signal inputted from
the control unit; and
a diode connected in parallel with the switching
element.

Clause 3. The power relay assembly of clause 2,
wherein diodes included in each of the first switching
unit and the second switching unit have opposite di-
rections in a forward direction.

Clause 4. The power relay assembly of clause 3,
wherein the diode of the first switching unit is set so
that the direction towards the positive terminal of the
battery is forward, and the diode of the second
switching unit is set so that the direction towards the
positive terminal of the load side is forward.

Clause 5. The power relay assembly of clause 3,
wherein the switching element included in the first
switching unit and the second switching unit is im-
plemented as an Insulated Gate Bipolar Transistor
(IGBT) or Field Effect Transistor (FET),
wherein the diode included in the first switching unit
and the second switching unit is implemented as an
internal diode included in an IGBT or FET.

Clause 6. The power relay assembly of any one of
clauses 2 to 5, wherein, when supplying power from
the battery to the load side, the control unit
turns on the first relay,
turns on the pre-charge switching unit to perform pre-
charge by allowing a current outputted from the bat-
tery to flow to the load side through the pre-charge
switching unit and the diode of the second switching
unit, and
when equipotential between both ends of the second
relay is formed, turns on the second relay and turns
off the pre-charge switching unit.

Clause 7. The power relay assembly of clause 6,
wherein when the power supply from the battery to
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the load side is cut off, the control unit turns on the
switching element included in the first switching unit
to allow the current outputted from the battery to flow
to the load side through the second relay, the switch-
ing element of the first switching unit, and the diode
of the second switching unit, and then turns off the
second relay, and then turns off the switching ele-
ment included in the first switching unit to cut off pow-
er supply.

Clause 8. The power relay assembly of any one of
clauses 2 to 5, wherein, when charging current is
supplied to the battery, the control unit turns on the
switching element of the second switching unit to
allow the charging current to flow to the battery
through the switching element of the second switch-
ing unit and the diode of the first switching unit, and
then forms equipotential between both ends of the
second relay, and then turns on the second relay to
allow the charging current to flow through the second
relay, and then performs regular charging by turning
off the switching element of the second switching
unit.

Clause 9. The power relay assembly of clause 8,
wherein, when cutting off charging current supply,
the control unit turns on a switching element of the
second switching unit to allow a charging current to
flow to the battery through a switching element of
the second switching unit and a diode of the first
switching unit, and then turns off the second relay to
cut off the charging current flowing through the sec-
ond relay, and then cuts off the supply of charging
current by turning off the switching element of the
second switching unit.

Clause 10. The power relay assembly of any one of
clauses 2 to 5, further comprising a current sensor
installed between a positive terminal of the battery
and one end of the second relay, and configured to
measure at least one of a current outputted from the
battery and a current flowing into the battery and
output a current value to the control unit,
wherein the control unit outputs a control signal ac-
cording to the current value inputted from the current
sensor.

Clause 11. The power relay assembly of any one of
clauses 1 to 5, further comprising a communication
unit configured to perform communication according
to a CAN communication method or a LIN commu-
nication method with a main controller of a vehicle
or a Battery Management System (BMS), receive a
control command instructing to start (ON) or stop
(OFF) the power relay assembly from the main con-
troller or the BMS to output the received control com-
mand to the control unit, and transmit status infor-
mation of the power relay assembly inputted from

the control unit to the main controller or the BMS.

Clause 12. A method of driving a power relay as-
sembly for an electric vehicle including a first relay
connected between a negative terminal of a battery
and a negative terminal of a load side, a second relay
connected between a first node to which a positive
terminal of the battery is connected and a third node
to which a positive terminal of the load side is con-
nected, a first switching unit connected between the
first node and a second node, a second switching
unit connected between the second node and the
third node, and a pre-charge switching unit and a
protective resistance connected in series between
the first node and the second node, wherein each of
the first switching unit and the second switching unit
includes a switching element and a diode connected
in parallel with the switching element, the method
comprising:

when supplying power from the battery to the
load side,
turning on the first relay;
turning on the pre-charge switching unit to allow
the current outputted from the battery to flow to
the load side through the pre-charge switching
unit and the diode of the second switching unit
to perform pre-charge; and
when equipotential between both ends of the
second relay is formed, turning on the second
relay and turning off the pre-charge switching
unit.

Clause 13. The method of clause 12, further com-
prising:

when power supply from the battery to the load
side is cut off, turning on the switching element
included in the first switching unit to allow the
current outputted from the battery to flow to the
load side through the second relay and a switch-
ing element of the first switching unit and a diode
of the second switching unit;
turning off the second relay; and
turning off the switching element included in the
first switching unit to cut off the power supply.

Clause 14. The method of clause 12, further com-
prising:

when charging current is supplied to the battery,
turning on the switching element of the second
switching unit to allow the charging element to
flow to the battery through the switching element
of the second switching unit and the diode of the
first switching unit to form equipotential between
both ends of the second relay;
turning on the second relay to allow a charging
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current to flow through the second relay; and
performing regular charging by turning off the
switching element of the second switching unit.

Clause 15. The method of clause 14, further com-
prising:

when cutting off the charging current supply,
turning on a switching element of the second
switching unit to allow a charging current to flow
to the battery through a switching element of the
second switching unit and a diode of the first
switching unit;
turning off the second relay to cut off the charg-
ing current flowing through the second relay; and
cutting off charging current supply by turning off
the switching element of the second switching
unit.

Claims

1. A power relay assembly for an electric vehicle com-
prising:

a first relay connected between a negative ter-
minal of a battery and a negative terminal of a
load side;
a second relay connected between a positive
terminal of the battery and a positive terminal of
the load side;
a first switching unit having one end connected
to one end of the second relay on the positive
terminal side of the battery and the other end
connected to a second switching unit;
the second switching unit having one end con-
nected to the first switching unit and the other
end connected to the load side one end of the
second relay;
a voltage control module configured to output a
voltage control signal to the first switching unit
according to a control signal inputted from a con-
trol unit to limit an amount of current flowing
through the first switching unit; and
the control unit configured to control the first re-
lay, the second relay, the first switching unit, and
the second switching unit by outputting a control
signal.

2. The power relay assembly of claim 1, wherein each
of the first switching unit and the second switching
unit comprises:

a switching element configured to be turned
on/off according to a control signal inputted from
the control unit; and
a diode connected in parallel with the switching
element.

3. The power relay assembly of claim 2, wherein diodes
included in each of the first switching unit and the
second switching unit have opposite directions in a
forward direction.

4. The power relay assembly of claim 3, wherein the
diode of the first switching unit is set so that the di-
rection towards the positive terminal of the battery
is forward, and the diode of the second switching
unit is set so that the direction towards the positive
terminal of the load side is forward.

5. The power relay assembly of claim 3, wherein the
switching element included in the first switching unit
and the second switching unit is implemented as an
Insulated Gate Bipolar Transistor (IGBT) or Field Ef-
fect Transistor (FET),
wherein the diode included in the first switching unit
and the second switching unit is implemented as an
internal diode included in an IGBT or FET.

6. The power relay assembly of any one of claims 2 to
5, wherein, when supplying power from the battery
to the load side, the control unit
turns on the first relay,
turns on the switching element of the first switching
unit through the voltage control module to perform
pre-charge by allowing a current outputted from the
battery to flow to the load side through the switching
element of the first switching unit and the diode of
the second switching unit, and
when equipotential between both ends of the second
relay is formed, turns on the second relay and turns
off the first switching unit through the voltage control
module.

7. The power relay assembly of claim 6, wherein when
the power supply from the battery to the load side is
cut off, the control unit turns on the switching element
of the first switching unit through the voltage control
module to allow the current outputted from the bat-
tery to flow to the load side through the second relay,
the switching element of the first switching unit, and
the diode of the second switching unit, and then turns
off the second relay, and then turns off the switching
element of the first switching unit through the voltage
control module to cut off power supply.

8. The power relay assembly of any one of claims 2 to
5, wherein, when charging current is supplied to the
battery, the control unit turns on the switching ele-
ment of the second switching unit to allow the charg-
ing current to flow to the battery through the switching
element of the second switching unit and the diode
of the first switching unit, and then forms equipoten-
tial between both ends of the second relay, and then
turns on the second relay to allow the charging cur-
rent to flow through the second relay, and then per-
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forms regular charging by turning off the switching
element of the second switching unit.

9. The power relay assembly of claim 8, wherein, when
cutting off charging current supply, the control unit
turns on a switching element of the second switching
unit to allow a charging current to flow to the battery
through a switching element of the second switching
unit and a diode of the first switching unit, and then
turns off the second relay to cut off the charging cur-
rent flowing through the second relay, and then cuts
off the supply of charging current by turning off the
switching element of the second switching unit.

10. The power relay assembly of any one of claims 2 to
5, further comprising a current sensor installed be-
tween a positive terminal of the battery and one end
of the second relay, and configured to measure at
least one of a current outputted from the battery and
a current flowing into the battery and output a current
value to the control unit,
wherein the control unit outputs a control signal ac-
cording to the current value inputted from the current
sensor.

11. The power relay assembly of any one of claims 1 to
5, further comprising a communication unit config-
ured to perform communication according to a CAN
communication method or a LIN communication
method with a main controller of a vehicle or a Battery
Management System (BMS), receive a control com-
mand instructing to start (ON) or stop (OFF) the pow-
er relay assembly from the main controller or the
BMS to output the received control command to the
control unit, and transmit status information of the
power relay assembly inputted from the control unit
to the main controller or the BMS.

12. A method of driving a power relay assembly for an
electric vehicle including a first relay connected be-
tween a negative terminal of a battery and a negative
terminal of a load side, a second relay connected
between a first node to which a positive terminal of
the battery is connected and a second node to which
a positive terminal of the load side is connected, a
first switching unit connected between the first node
and a second switching unit, and a second switching
unit connected between the first switching unit and
the second node, wherein the first switching unit and
the second switching unit include a switching ele-
ment and a diode connected in parallel with the
switching element, respectively, the method com-
prising:

when supplying power from the battery to the
load side,
turning on the first relay;
turning on the switching element of the first

switching unit through a voltage control module
to allow the current outputted from the battery
to flow to the load side through the switching
element of the first switching unit and the diode
of the second switching unit to perform pre-
charge; and
when equipotential between both ends of the
second relay is formed, turning on the second
relay and turning off the first switching unit
through the voltage control module.

13. The method of claim 12, further comprising:

when power supply to the load side is cut off
from the battery,
turning on the switching element of the first
switching unit through the voltage control mod-
ule to allow the current outputted from the bat-
tery to flow to the load side through the second
relay and a switching element of the first switch-
ing unit and a diode of the second switching unit;
turning off the second relay; and
turning off the switching element of the first
switching unit through the voltage control mod-
ule to cut off the power supply.

14. The method of claim 12, further comprising:

when charging current is supplied to the battery,
turning on the switching element of the second
switching unit to allow the charging current to
flow to the battery through the switching element
of the second switching unit and the diode of the
first switching unit to form equipotential between
both ends of the second relay;
turning on the second relay to allow a charging
current to flow through the second relay; and
performing regular charging by turning off the
switching element of the second switching unit.

15. The method of claim 14, further comprising:

when cutting off the charging current supply,
turning on a switching element of the second
switching unit to allow a charging current to flow
to the battery through a switching element of the
second switching unit and a diode of the first
switching unit;
turning off the second relay to cut off the charg-
ing current flowing through the second relay; and
cutting off charging current supply by turning off
the switching element of the second switching
unit.

16. A power relay assembly for an electric vehicle com-
prising:

a first relay connected between a negative ter-
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minal of a battery and a negative terminal of a
load side;
a second relay connected between a positive
terminal of the battery and a positive terminal of
the load side;
a first switching unit having one end connected
to one end of the second relay on the positive
terminal side of the battery and the other end
connected to a second switching unit;
the second switching unit having one end con-
nected to the first switching unit and the other
end connected to the load side one end of the
second relay;
a pre-charge switching unit having one end con-
nected to one end of the second relay on the
positive terminal side of the battery and the other
end connected to a protective resistance;
the protective resistance connected between
the pre-charge switching unit and a connection
node of the first switching unit and the second
switching unit; and
a control unit configured to output a control sig-
nal to control on/off of the first relay, the second
relay, the first switching unit, the second switch-
ing unit, and the pre-charge switching unit.

17. The power relay assembly of claim 16, wherein each
of the first switching unit and the second switching
unit comprises:

a switching element configured to be turned
on/off according to a control signal inputted from
the control unit; and
a diode connected in parallel with the switching
element.

18. The power relay assembly of claim 17, wherein di-
odes included in each of the first switching unit and
the second switching unit have opposite directions
in a forward direction.

19. The power relay assembly of claim 18, wherein the
diode of the first switching unit is set so that the di-
rection towards the positive terminal of the battery
is forward, and the diode of the second switching
unit is set so that the direction towards the positive
terminal of the load side is forward.

20. The power relay assembly of claim 18, wherein the
switching element included in the first switching unit
and the second switching unit is implemented as an
Insulated Gate Bipolar Transistor (IGBT) or Field Ef-
fect Transistor (FET),
wherein the diode included in the first switching unit
and the second switching unit is implemented as an
internal diode included in an IGBT or FET.

21. The power relay assembly of any one of claims 17

to 20, wherein, when supplying power from the bat-
tery to the load side, the control unit
turns on the first relay,
turns on the pre-charge switching unit to perform pre-
charge by allowing a current outputted from the bat-
tery to flow to the load side through the pre-charge
switching unit and the diode of the second switching
unit, and
when equipotential between both ends of the second
relay is formed, turns on the second relay and turns
off the pre-charge switching unit.

22. The power relay assembly of claim 21, wherein when
the power supply from the battery to the load side is
cut off, the control unit turns on the switching element
included in the first switching unit to allow the current
outputted from the battery to flow to the load side
through the second relay, the switching element of
the first switching unit, and the diode of the second
switching unit, and then turns off the second relay,
and then turns off the switching element included in
the first switching unit to cut off power supply.

23. The power relay assembly of any one of claims 17
to 20, wherein, when charging current is supplied to
the battery, the control unit turns on the switching
element of the second switching unit to allow the
charging current to flow to the battery through the
switching element of the second switching unit and
the diode of the first switching unit, and then forms
equipotential between both ends of the second relay,
and then turns on the second relay to allow the charg-
ing current to flow through the second relay, and then
performs regular charging by turning off the switch-
ing element of the second switching unit.

24. The power relay assembly of claim 23, wherein,
when cutting off charging current supply, the control
unit turns on a switching element of the second
switching unit to allow a charging current to flow to
the battery through a switching element of the sec-
ond switching unit and a diode of the first switching
unit, and then turns off the second relay to cut off the
charging current flowing through the second relay,
and then cuts off the supply of charging current by
turning off the switching element of the second
switching unit.

25. The power relay assembly of any one of claims 17
to 20, further comprising a current sensor installed
between a positive terminal of the battery and one
end of the second relay, and configured to measure
at least one of a current outputted from the battery
and a current flowing into the battery and output a
current value to the control unit,
wherein the control unit outputs a control signal ac-
cording to the current value inputted from the current
sensor.
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26. The power relay assembly of any one of claims 16
to 20, further comprising a communication unit con-
figured to perform communication according to a
CAN communication method or a LIN communica-
tion method with a main controller of a vehicle or a
Battery Management System (BMS), receive a con-
trol command instructing to start (ON) or stop (OFF)
the power relay assembly from the main controller
or the BMS to output the received control command
to the control unit, and transmit status information of
the power relay assembly inputted from the control
unit to the main controller or the BMS.

27. A method of driving a power relay assembly for an
electric vehicle including a first relay connected be-
tween a negative terminal of a battery and a negative
terminal of a load side, a second relay connected
between a first node to which a positive terminal of
the battery is connected and a third node to which a
positive terminal of the load side is connected, a first
switching unit connected between the first node and
a second node, a second switching unit connected
between the second node and the third node, and a
pre-charge switching unit and a protective resistance
connected in series between the first node and the
second node, wherein each of the first switching unit
and the second switching unit includes a switching
element and a diode connected in parallel with the
switching element, the method comprising:

when supplying power from the battery to the
load side,
turning on the first relay;
turning on the pre-charge switching unit to allow
the current outputted from the battery to flow to
the load side through the pre-charge switching
unit and the diode of the second switching unit
to perform pre-charge; and
when equipotential between both ends of the
second relay is formed, turning on the second
relay and turning off the pre-charge switching
unit.

28. The method of claim 27, further comprising:

when power supply from the battery to the load
side is cut off, turning on the switching element
included in the first switching unit to allow the
current outputted from the battery to flow to the
load side through the second relay and a switch-
ing element of the first switching unit and a diode
of the second switching unit;
turning off the second relay; and
turning off the switching element included in the
first switching unit to cut off the power supply.

29. The method of claim 27, further comprising:

when charging current is supplied to the battery,
turning on the switching element of the second
switching unit to allow the charging element to
flow to the battery through the switching element
of the second switching unit and the diode of the
first switching unit to form equipotential between
both ends of the second relay;
turning on the second relay to allow a charging
current to flow through the second relay; and
performing regular charging by turning off the
switching element of the second switching unit.

30. The method of claim 29, further comprising:

when cutting off the charging current supply,
turning on a switching element of the second
switching unit to allow a charging current to flow
to the battery through a switching element of the
second switching unit and a diode of the first
switching unit;
turning off the second relay to cut off the charg-
ing current flowing through the second relay; and
cutting off charging current supply by turning off
the switching element of the second switching
unit.
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