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(57) ABSTRACT

An apparatus and a method for measuring insulation resis-
tance of a battery pack using an insulation resistance meter
(IRM) circuit where only a negative relay is electrically
conducted, thereby decreasing a risk of electric shock when
insulation resistance is measured in a state where an external
insulation resistor of the battery pack is broken.
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[Figure 3]
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[Figure 4]

o

HOLSISHE NOILVINSNT FATLYDEN ITVNHILNT
H2O0dHL d0LEIsHY ROILYINSHI HATLVOEN ITVHEELXE (ONY dOLSISHEY
ROTLVINSHNT dAILISOd "IYVREHLXA J40 SHOTVA HONVLSISHY AHEVINDIVD

HOLSISHEY NOILVINSNTI dAATLYOAN IVNIILNIT
NV dOLSISHYE NOILYINSNT HATLRISOd TYNIHLNI HdNSYARW

ELONANGCD ATIVNOIEALOFTE 3 AVIZd NIVW SATLVOEN DIYH

HLYLS IWNILINT NI HCLSISHY ROILVINSHTI FATLIVOEN ITVRGALNI
aNY HO0LSISHE NODILVINSKI FAILISOd TYNIEINT MENSYAW

TIMYIS




US 2019/0242933 Al

DEVICE AND METHOD FOR MEASURING

INSULATION RESISTANCE OF BATTERY

PACK BY USING NEGATIVE ELECTRODE
RELAY

TECHNICAL FIELD

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2017-0011122 filed in
the Korean Intellectual Property Office on Jan. 24, 2017, the
entire contents of which are incorporated herein by refer-
ence.

[0002] The present invention relates to an apparatus and a
method of measuring insulation resistance of a battery pack
by using a negative relay, and more particularly, to an
apparatus and a method of measuring insulation resistance
of a battery pack by using a negative relay, in which when
insulation resistance of a battery pack is measured by using
an insulation resistance meter (IRM) circuit, insulation resis-
tance of the battery pack is measured in a state where only
a negative relay is electrically conducted, not in a state
where both a positive relay and a negative relay are elec-
trically conducted, thereby decreasing a risk of electric
shock when insulation resistance is measured in a state
where an external insulation resistor of the battery pack is
broken.

BACKGROUND ART

[0003] In general, in a battery management system (BMS)
connected with a battery cell, when insulation resistance,
particularly, insulation resistance positioned between a posi-
tive electrode and a negative electrode, of a battery pack is
broken, there is risk in that leakage current is generated to
cause electric shock during a measurement of insulation
resistance, and thus there is concern that a usage time of a
battery is decreased.

[0004] Accordingly, the BMS practically needs to periodi-
cally monitor insulation resistance of a battery pack through
an insulation resistance meter circuit (IRM circuit).

[0005] In the meantime, the IRM circuit measures a volt-
age by connecting predetermined test resistance to a battery
pack and then calculates insulation resistance based on the
measured voltage, and in this case, in order to measure a
resistance value of insulation resistance outside the battery
pack, it is necessary to make both a positive relay and a
negative relay be electrically conducted (close). However,
when both the positive relay and the negative relay are
electrically conducted in the state where the external insu-
lation resistor is broken, there is concern that a risk of
electric shock is generated due to a leakage current.
[0006] Accordingly, currently, there is actually a need for
a method having stability which is capable of measuring
external insulation resistance of a battery pack before both
a positive relay and a negative relay are electrically con-
ducted.

[0007] Accordingly, in order to solve various problems
and limits generated during a process of measuring external
insulation resistance of the battery pack in the related art, the
present inventors developed an apparatus and a method of
measuring insulation resistance of a battery pack by using a
negative relay, in which when insulation resistance of a
battery pack is measured by using an IRM circuit, insulation
resistance of the battery pack is measured in a state where
only a negative relay is electrically conducted, not in a state
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where both a positive relay and a negative relay are elec-
trically conducted, thereby decreasing a risk of electric
shock when insulation resistance is measured in a state
where an external insulation resistor of the battery pack is
broken.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

[0008] The present invention is conceived to solve the
problems, and provides an apparatus and a method of
measuring insulation resistance of a battery pack by using a
negative relay, in which when insulation resistance of a
battery pack is measured by using an insulation resistance
meter (IRM) circuit, insulation resistance of the battery pack
is measured in a state where only a negative relay is
electrically conducted, not in a state where both a positive
relay and the negative relay are electrically conducted,
thereby decreasing a risk of electric shock when insulation
resistance is measured in a state where an external insulation
resistor of the battery pack is broken.

Technical Solution

[0009] An exemplary embodiment of the present inven-
tion provides an apparatus for measuring insulation resis-
tance of a battery pack by using a negative relay, the
apparatus including: a measuring unit which measures resis-
tance values of an internal positive insulation resistor and an
internal negative insulation resistor connected to both ends
of a battery pack; and a calculating unit which when a
negative main relay, of which one side is connected with an
external positive insulation resistor between the external
positive insulation resistor and the external negative insu-
lation resistor connected with a link capacitor and the other
side is connected with the measuring unit, is electrically
conducted (close), calculates resistance values of the exter-
nal positive insulation resistor and the external negative
insulation resistor, which are connected with the internal
negative insulation resistor in parallel, based on the resis-
tance values of the internal positive insulation resistor and
the internal negative insulation resistor measured by the
measuring unit.

[0010] In the exemplary embodiment, the measuring unit
may measure the resistance values of the internal positive
insulation resistor and the internal negative insulation resis-
tor in advance in an open state that is before the negative
main relay is electrically conducted and measure a parallel
resistance value of the external positive insulation resistor
and the external negative insulation resistor measured in the
state where the negative main relay is electrically conducted.
[0011] In the exemplary embodiment, when the resistance
values of the internal positive insulation resistor and the
internal negative insulation resistor are measured by the
measuring unit in the state where the negative main relay is
electrically conducted, a parallel resistance value of the
external positive insulation resistor and the external negative
insulation resistor may be measured together.

[0012] In the exemplary embodiment, the calculating unit
may calculate the resistance value of each of the external
positive insulation resistor and the external negative insu-
lation resistor based on the resistance value of the internal
negative insulation resistor measured in advance when the
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negative main relay is in the open state that is before the
negative main relay is electrically conducted, and the par-
allel resistance value of the external positive insulation
resistor and the external negative insulation resistor mea-
sured in the state where the negative main relay is electri-
cally conducted.

[0013] Another exemplary embodiment of the present
invention provides a method of measuring insulation resis-
tance of a battery pack by using a negative relay, the method
including: measuring, by a measuring unit which is con-
nected to an internal positive insulation resistor and an
internal negative insulation resistor connected to both ends
of a battery pack, resistance values of the internal positive
insulation resistor and the internal negative insulation resis-
tor; making a negative main relay, of which one side is
connected with an external negative insulation resistor
between an external positive insulation resistor and the
external negative insulation resistor connected with a link
capacitor and the other side is connected with the measuring
unit, be electrically conducted (close); and calculating, by a
calculating unit, resistance values of the external positive
insulation resistor and the external negative insulation resis-
tor, which are connected with the internal negative insula-
tion resistor in parallel, based on measurement values
obtained by measuring, by the measuring unit, the resistance
values of the internal positive insulation resistor and the
internal negative insulation resistor.

[0014] In the exemplary embodiment, the measuring of
the resistance value of the internal negative insulation resis-
tor may include measuring the resistance values of the
internal positive insulation resistor and the internal negative
insulation resistor in advance in the open state that is before
the negative main relay is electrically conducted, and the
making of the negative main relay be electrically conducted
may include measuring a parallel resistance value of the
external positive insulation resistor and the external negative
insulation resistor in the state where the negative main relay
is electrically conducted.

[0015] In the exemplary embodiment, the measuring of
the resistance values of the external positive insulation
resistor and the external negative insulation resistor in the
state where the negative main relay is electrically conducted
may include measuring the parallel resistance value of the
external positive insulation resistor and the external negative
insulation resistor together when the resistance values of the
internal positive insulation resistor and the internal negative
insulation resistor are measured by the measuring unit in the
state where the negative main relay is electrically conducted.
[0016] In the exemplary embodiment, the calculating unit
may calculate the resistance value of each of the external
positive insulation resistor and the external negative insu-
lation resistor based on the resistance value of the internal
negative insulation resistor measured in advance when the
negative main relay is in the open state that is before the
negative main relay is electrically conducted, and the par-
allel resistance value of the external positive insulation
resistor and the external negative insulation resistor mea-
sured in the state where the negative main relay is electri-
cally conducted.

Advantageous Effect

[0017] According to one aspect of the present invention,
when insulation resistance of a battery pack is measured by
using an insulation resistance meter (IRM) circuit, insulation
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resistance of the battery pack is measured in a state where
only a negative relay is electrically conducted, not in a state
where both a positive relay and the negative relay are
electrically conducted, so that it is possible to decrease a risk
of electric shock when insulation resistance is measured in
a state where an external insulation resistor of the battery
pack is broken, thereby improving stability.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a diagram schematically illustrating a
general process of measuring insulation resistance of a
battery pack.

[0019] FIG. 2 is a diagram schematically illustrating a
process of measuring insulation resistance (internal insula-
tion resistance and external insulation resistance) of a bat-
tery pack in the related art.

[0020] FIG. 3 is a diagram schematically illustrating a
process of measuring insulation resistance (internal insula-
tion resistance and external insulation resistance) of a bat-
tery pack through an apparatus 100 for measuring insulation
resistance of a battery pack by using a negative relay
according to an exemplary embodiment of the present
invention.

[0021] FIG. 4 is a flowchart sequentially illustrating a
process of measuring insulation resistance of a battery pack
through the apparatus 100 for measuring insulation resis-
tance of a battery pack by using a negative relay according
to the exemplary embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0022] Hereinafter, an exemplary embodiment is pre-
sented for helping understanding of the present invention.
However, the exemplary embodiment below is simply pro-
vided for easier understanding of the present invention, and
the contents of the present invention are not limited by the
exemplary embodiment.

[0023] FIG. 1 is a diagram schematically illustrating a
general process of measuring insulation resistance of a
battery pack, and FIG. 2 is a diagram schematically illus-
trating a process of measuring insulation resistance (internal
insulation resistance and external insulation resistance) of a
battery pack in the related art.

[0024] First, referring to FIG. 1A, insulation resistance R,
and R, are connected to a positive electrode HV+ and a
negative electrode HV- of a battery pack in which one or
more battery modules are combined, respectively.

[0025] In this case, in order to measure a resistance value
of each insulation resistance, a method of connecting test
resistance Z,, and Z,,, through switches is used as illus-
trated in FIG. 1B, and in this case, the method includes two
operations.

[0026] Referring to FIG. 1B, FIG. 1B illustrates an opera-
tion of measuring a positive side voltage, and a switch is
connected between the insulation resistance R, and the test
resistance Z;, connected to the positive electrode of the
battery pack, and a voltage applied after the connection of
the test resistance Z, is scaled down and measured.
[0027] Referring to FIG. 1C, FIG. 1C illustrates an opera-
tion of measuring a negative side voltage, and a switch is
connected between the insulation resistance R, and the test
resistance 7, connected to the negative electrode of the
battery pack, and a voltage applied after the connection of
the test resistance 7, is scaled down and measured. In this
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case, a voltage reference (V reference) value is used so that
the measured voltage value has a positive number.

[0028] Then, resistance values of the insulation resistance
R and R,; are calculated by using the measured positive side
and negative side voltage values.

[0029] Next, referring to FIG. 2, FIG. 2 is a diagram
illustrating a process of measuring insulation resistance
(internal insulation resistance and external insulation resis-
tance) of a battery pack in the related art, and a battery pack
1 is provided at a left side of a circuit, a link capacitor 2 is
provided at a right side of the circuit, an internal positive
insulation resistor 3 and an internal negative insulation
resistor 4 are connected to both ends of the battery pack 1
positioned at the left side, and the internal positive insulation
resistor 3 and the internal negative insulation resistor 4 are
serially connected to each other.

[0030] Further, the link capacitor 2 at the right side is
connected to an external positive insulation resistor 5 and an
external negative insulation resistor 6, and the external
positive insulation resistor 5 and the external negative
insulation resistor 6 are serially connected to each other.
[0031] It can be seen that a positive main relay 7 and a
negative main relay 8 are positioned between the internal
positive insulation resistor 3 and the internal negative insu-
lation resistor 4, and between the external positive insulation
resistor 5 and the external negative insulation resistor 6.
[0032] Further, a precharge resistor and a precharge relay
are connected to both ends of the positive main relay 7 in
parallel.

[0033] The positive main relay 7 and the negative main
relay 8 are simultaneously electrically conducted (close), so
that the battery pack 1 may be connected with the external
positive insulation resistor 5 and the external negative
insulation resistor 6 provided outside the battery pack.
[0034] In this case, a circuit connected from a terminal of
each of the internal positive insulation resistor 3 and the
internal negative insulation resistor 4 is connected with an
insulation resistance meter circuit 9, and the insulation
resistance meter circuit 8 serves to measure insulation
resistance values of the internal positive insulation resistor
3, the internal negative insulation resistor 4, the external
positive insulation resistor 5, and the external negative
insulation resistor 6.

[0035] Accordingly, before the positive main relay 7 and
the negative main relay 8 are electrically conducted, that is,
in an open state, insulation resistance values of the internal
positive insulation resistor 3 and the internal negative insu-
lation resistor 4 are measured, and when the positive main
relay 7 and the negative main relay 8 are electrically
conducted (close), insulation resistance values of the exter-
nal positive insulation resistor 5 and the external negative
insulation resistor 6 are measured.

[0036] That is, in order to measure insulation resistance
values of the external positive insulation resistor 5 and the
external negative insulation resistor 6 by using the method
in the related art, both the positive main relay 7 and the
negative main relay 8 need to be electrically conducted, so
that when both the positive main relay 7 and the negative
main relay 8 are electrically conducted in the state where the
external positive insulation resistor 5 and the external nega-
tive insulation resistor 6 are broken, a risk of electric shock
may be generated due to the generation of a leakage current.
[0037] Accordingly, an apparatus 100 for measuring insu-
lation resistance of a battery pack by using a negative relay,
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which is capable of measuring an insulation resistance value
of a battery pack by using only a negative relay, of the
present invention will be described with reference to FIG. 3.
[0038] FIG. 3 a diagram schematically illustrating a pro-
cess of measuring insulation resistance (internal insulation
resistance and external insulation resistance) of a battery
pack through an apparatus 100 for measuring insulation
resistance of a battery pack by using a negative relay
according to an exemplary embodiment of the present
invention.

[0039] Referring to FIG. 3, the apparatus 100 for measur-
ing insulation resistance of a battery pack by using a
negative relay according to the present invention may be
connected with an internal positive insulation resistor 3 and
an internal negative insulation resistor 4 connected to both
ends of a battery pack 1, and a negative main relay 8
connected with the internal positive insulation resistor 5 and
the internal negative insulation resistor 6.

[0040] In the meantime, it is noted that a circuit configu-
ration adopting the apparatus 100 for measuring insulation
resistance of a battery pack by using a negative relay
according to the present invention may correspond to the
circuit configuration of measuring insulation resistance of a
battery pack in the related art illustrated in FIG. 2.

[0041] A measurement unit 110 connected with the inter-
nal positive insulation resistor 3 and the internal negative
insulation resistor 4 measures resistance values of the inter-
nal positive insulation resistor 3 and the internal negative
insulation resistor 4 in an initial state (the state where a
positive main relay 7 and the negative main relay 8 are not
electrically conducted) in advance, and a calculating unit
120 calculates a resistance value of each of an external
positive insulation resistor 5 and an external negative insu-
lation resistor 6 in the state where the negative main relay 8
is electrically conducted.

[0042] Further, when the resistance values of the internal
positive insulation resistor 3 and the internal negative insu-
lation resistor 4 are measured through the measurement unit
110 in the state where the negative main relay 8 is electri-
cally conducted, parallel resistance values of the external
positive insulation resistor 5 and the external negative
insulation resistor 6 are also measured.

[0043] In the meantime, since the link capacitor 2 posi-
tioned at the output terminal in the state where the negative
main relay 8 is electrically conducted is in a completely
discharged state, and has large capacitance, a potential
difference between both ends of the link capacitor 2 main-
tains O.

[0044] Further, the resistance value of the internal nega-
tive insulation resistor 4 has been already measured before
the negative main relay 8 is electrically conducted, so that it
is possible to calculate a resistance value of each of the
external positive insulation resistor 5 and the external nega-
tive insulation resistor 6 based on the previously measured
resistance value of the internal negative insulation resistor 4
and the parallel resistance value of the external positive
insulation resistor 5 and the external negative insulation
resistor 6, which is possible because the external positive
insulation resistor 5 and the external negative insulation
resistor 6 are connected to the internal negative insulation
resistor 4 in parallel.

[0045] The process of measuring insulation resistance of
the battery pack described with reference to FIG. 3 will be
sequentially described with reference to FIG. 4.
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[0046] FIG. 4 is a flowchart sequentially illustrating a
process of measuring insulation resistance of a battery pack
through the apparatus 100 for measuring insulation resis-
tance of a battery pack by using a negative relay according
to the exemplary embodiment of the present invention.
[0047] Referring to FIG. 4, first, in an initial state in which
the negative main relay is not electrically conducted, the
measuring unit measures resistance values of the internal
positive insulation resistor and the internal negative insula-
tion resistor (S401).

[0048] Next, after the negative main relay is electrically
conducted (S402), when the resistance values of the internal
positive insulation resistor and the internal negative insula-
tion resistor are measured by the measuring unit in the state
where the negative main relay is electrically conducted, a
parallel resistance value of the external positive insulation
resistor and the external negative insulation resistor, which
are connected to the internal negative insulation resistor in
parallel, is measured together (S403).

[0049] Next, the calculating unit calculates a resistance
value of each of the external positive insulation resistor and
the external negative insulation resistor, which are con-
nected to the internal negative insulation resistor in parallel,
based on the resistance value of the internal negative insu-
lation resistor measured before the negative main relay is
electrically conducted and the parallel resistance value mea-
sured after the negative main relay is electrically conducted
(S404).

[0050] In the forgoing, the present invention has been
described with reference to the exemplary embodiment of
the present invention, but those skilled in the art may
appreciate that the present invention may be variously
corrected and changed within the range without departing
from the spirit and the areca of the present invention
described in the appending claims.

1. An apparatus for measuring insulation resistance of a
battery pack using a negative relay, the apparatus compris-
ing:

a measuring unit configured to measure resistance values
of an internal positive insulation resistor and an internal
negative insulation resistor, the measuring unit being
connected to both ends of the battery pack; and

a calculating unit configured to calculate, when the nega-
tive main relay is electrically conducted, resistance
values of an external positive insulation resistor and an
external negative insulation resistor, based on the resis-
tance values of the internal positive insulation resistor
and the internal negative insulation resistor measured
by the measuring unit,

wherein the external positive insulation resistor and the
external negative insulation resistor are connected in
parallel with the internal negative insulation resistor,

wherein the negative main relay is connected at one side
with the external positive insulation resistor and is
connected at another side with the measuring unit, and

wherein a link capacitor is connected to the external
positive insulation resistor and to the external negative
insulation resistor.

2. The apparatus of claim 1, wherein the measuring unit

is configured to:

measure the resistance values of the internal positive
insulation resistor and the internal negative insulation
resistor in an open state before the negative main relay
is electrically conducted, and
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measure a parallel resistance value of the external positive
insulation resistor and the external negative insulation
resistor in the state where the negative main relay is
electrically conducted.

3. The apparatus of claim 1, wherein when the resistance
values of the internal positive insulation resistor and the
internal negative insulation resistor are measured by the
measuring unit when the negative main relay is electrically
conducted, and

wherein a parallel resistance value of the external positive

insulation resistor and the external negative insulation
resistor is measured together.

4. The apparatus of claim 2, wherein the calculating unit
is further configured to:

calculate the resistance value of each of the external

positive insulation resistor and the external negative
insulation resistor based on the resistance value of the
internal negative insulation resistor measured when the
negative main relay is in the open state before the
negative main relay is electrically conducted, and
calculate the parallel resistance value of the external
positive insulation resistor and the external negative
insulation resistor measured in the state where the
negative main relay is electrically conducted.

5. A method of measuring insulation resistance of a
battery pack using a negative relay, the method comprising:

measuring, by a measuring unit connected to an internal

positive insulation resistor and an internal negative
insulation resistor and connected to both ends of a
battery pack, resistance values of the internal positive
insulation resistor and the internal negative insulation
resistor;

electrically conducting a negative main relay, wherein the

negative relay is connected at one side with an external
positive insulation resistor and is connected at another
side with the measuring unit, and wherein a link
capacitor is connected to the external positive insula-
tion resistor and to an external negative insulation
resistor; and

calculating, by a calculating unit, resistance values of the

external positive insulation resistor and the external
negative insulation resistor, based on measurement
values obtained by measuring, by the measuring unit,
the resistance values of the internal positive insulation
resistor and the internal negative insulation resistor,
wherein the external positive insulation resistor and the
external negative insulation resistor are connected in
parallel with the internal negative insulation resistor.

6. The method of claim 5, wherein the measuring of the
resistance value of the internal negative insulation resistor
includes measuring the resistance values of the internal
positive insulation resistor and the internal negative insula-
tion resistor in the open state before the negative main relay
is electrically conducted, and

wherein the electrically conducting the negative main

relay includes measuring a parallel resistance value of
the external positive insulation resistor and the external
negative insulation resistor when the negative main
relay is electrically conducted.

7. The method of claim 6, wherein the measuring of the
resistance values of the external positive insulation resistor
and the external negative insulation resistor when the nega-
tive main relay is electrically conducted includes measuring
the parallel resistance value of the external positive insula-



US 2019/0242933 Al

tion resistor and the external negative insulation resistor
together when the resistance values of the internal positive
insulation resistor and the internal negative insulation resis-
tor are measured by the measuring unit.

8. The method of claim 7, wherein the calculating unit
calculates the resistance value of each of the external posi-
tive insulation resistor and the external negative insulation
resistor based on the resistance value of the internal negative
insulation resistor, and the parallel resistance value of the
external positive insulation resistor and the external negative
insulation resistor.
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