TI TLE OF | NVENTI ON: SYSTEM AND METHOD FOR DETECTI NG DEFECT OF
SINGE CELL | N BATTERY SYSTEM I N WHI CH PARALLEL UNI T CELLS

ARE CONNECTED | N SERI ES

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a systemfor detecting
a defect of a single cell in a battery systemin which parall el
unit cells are connected in series, the systembeing configured
to detect a defective product in advance by detecting whether
the battery systemconforns to internal resistance DCIR and an
out put through an out put test anong battery system perfornmance
tests during a process of testing a final product (end of |ine
(EQL)) in a mass-production line for a battery system for an

XEV (HEV, PHEV, and EV).

2. Related Art

[0002] In a mass-production line for a battery systemin the
related art, there is a need for detectability that is an
ability to accurately detect output performance of a final

assenbl ed product within a short tine.

[0003] However, an output test nethod in the mass-production
line for the battery systemin the related art nay detect the
defect of the battery system by cal culating DCI R and chargi ng
and di schargi ng out put values. However, there is a problemin

that the output test method cannot detect a | owvoltage cell
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(defective cell).

[0004] Further, there are problens in that to detect the |ow
voltage cell in the battery system in the related art, an
additional output performance test 1is required, and an
additional device and an additional detection tine are

required.

SUMVARY
[0005] Various enbodi nents are directed to provide a systemfor
detecting a defect of a single cell in a battery system in
which parallel unit cells are connected in series, the system
bei ng capabl e of inproving detectability during an output test
process being perfornmed in a nass-production line for a battery

systemfor an xEV in the related art.

[0006] The objects of the present disclosure are not limted to
the aforenentioned objects, and other objects, which are not
menti oned above, may be clearly understood fromthe foll ow ng
descri ptions.

[0007] In an enbodi nent, a system for detecting a defect of a
single cell in a battery systemin which parallel unit cells
are connected in series includes: a high current application
unit configured to apply a high current to a battery system
for a preset tine; a plurality of DCIR calculation units
respectively connected to input and output termnals of

parallel wunit cells that constitute the battery system the



plurality of DCR calculation wunits being configured to
calculate DCIR (Q) of the parallel unit cells by using the
amount (AV) of change in voltage and the high current applied
fromthe high current application unit; and a defect detection
unit configured to monitor the DCIR (Q) calculated by the DCIR
calculation unit and configured to determne that a defect
occurs when a state voltage value of a closed circuit voltage
is equal to or nore, by a predeterm ned val ue of the anount of
change in vol tage, than a state vol tage val ue of an open circuit

vol t age.

[0008] The battery system may be configured by connecting, in
series, the parallel unit cells in which battery cells are

connected in parallel.

[0009] The high current application unit may apply one of a

di scharging current and a charging current.

[0010] When the high current applied to the battery system by
the high current application unit is the charging current, the
defect detection unit may monitor the DCIR (Q) calculated by
the DCIR cal culation unit and determne that a defect occurs
when a maxi mum state cell voltage value of the closed circuit
voltage is equal to or nore, by a predeterm ned value of the
anount of change in voltage, than a nmaxi numstate cell voltage

val ue of the open circuit voltage.

[0011] When the high current applied to the battery system by

the high current application unit is the discharging current,
3



the defect detection unit may monitor the DCIR (Q) calculated
by the DCIR cal cul ation unit and determ ne that a defect occurs
when a mninmum state cell voltage value of the closed circuit
voltage is equal to or nore, by a predeterm ned value of the
anount of change in voltage, than a mninmumstate cell voltage
val ue of the open circuit voltage.

[0012] I n anot her enbodi nent, a nethod of detecting a defect of
a single cell in a battery systemin which parallel unit cells
are connected in series includes: neasuring a nmaxi mum vol t age
of the parallel unit cell in the battery systemin a state in
whi ch no charging current is applied to the battery system by
a high current application unit; applying, by the high current
application unit, a charging current to the battery systemfor
a preset time; neasuring a maxi rumvoltage of the parallel unit
cell for a time for which the high current application unit
applies the charging current to the battery systemfor a preset
time; determ ning whether a val ue of change in maxi numvol tage
for the time for which the charging current is applied to the
battery system is a preset reference voltage or |ess; and
determning that the parallel unit cell has a defect when the
val ue of change in maxi mum voltage for the time for which the
charging current is applied to the parallel unit cell is equa

to or nore than a preset value of change in reference voltage
in the determ ning of whether the value of change in maxi num
voltage for the tinme for which the charging current is applied
to the battery systemis the preset reference voltage or |ess.
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[0013] The nethod nmay include determ ning that an output test
is passed when the value of change in maxi mum voltage for the
time for which the charging current is applied to the paralle

unit cell is equal to or less than the preset value of change
in reference voltage in the determ ning of whether the val ue
of change i n maxi numvol tage for the tinme for which the charging
current is applied to the battery system is the preset

reference voltage or |ess.

[0014] In still another enbodinent, a nethod of detecting a
defect of a single cell in a battery systemin which parall el
unit cells are connected in series includes: neasuring a
m ni mum vol tage of the parallel unit cell in a state in which
no high current is applied to the battery system by a high
current application wunit; applying, by the high current
application unit, a charging current to the battery systemfor
a preset time; neasuring a maxi numvoltage of the parallel unit
cell for a time for which the high current application unit
applies the high current to the battery system determning
whet her a val ue of change in maxi mum voltage for the tinme for
which the high current is applied to the battery systemis a
preset reference voltage or less; and determning that the
parallel unit cell has a defect when the value of change in
maxi mum voltage for the time for which the high current is
applied to the parallel unit cell is equal to or nore than a
preset value of change in reference voltage in the determ ning

of whet her the value of change in maxi numvoltage for the tine
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for which the high current is applied to the battery systemis

the preset reference voltage or |ess.

[0015] The nmethod nmay include determ ning that an output test
is passed when the value of change in maxi num voltage for the
time for which the high current is applied to the battery
systemis equal to or less than the preset value of change in
reference voltage in the determ ning of whether the val ue of
change in maxi num voltage for the tinme for which the high
current is applied to the battery system is the preset

reference voltage or |ess.

[0016] According to the enbodinent of the present disclosure,
it is possible to detect a defect of a low cell voltage based
on a particular nonitoring value of the battery systemby using
the output test process established in advance, thereby
i nproving detectability wi thout requiring additional equi pnent

and test tine.

[0017] Further, according to the enbodinent of the present
di sclosure, it is possible to inprove detectability even in
case that the plurality of cells is connected to one another

in parallel in the battery system

[0018] In addition, according to the enbodi nent of the present
di scl osure, the inprovenent in detectability for the defect of
the low cell voltage may reduce a rate of field failure reports
caused by an issue of the |owvoltage cell, thereby reducing

the A/'S costs and failure analysis tine.
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BRI EF DESCRI PTI ON OF THE DRAW NGS
[0019] FIG 1 is a configuration block diagram for explaining
a systemfor detecting a defect of a single cell in a battery
system in which parallel unit cells are connected in series

according to the present disclosure.

[0020] FIG 2 is a block diagramfor explaining the connection
between a parallel unit cell and a DCIR calculation unit in

the battery systemin FIG 1.

[0021] FIG 3 is a reference graph for explaining the type of
hi gh current applied by a high current application unit in FIG

1

[0022] FIG 4 is a reference view for explaining a table for
explaining OCV (V), DCIR (Q), and output (W) detected during

chargi ng and di schargi ng processes in FIG 1.

[0023] FIG 5 is a reference view for explaining a change in
voltage in a defective parallel unit cell when the high current

application unit in FIG 1 applies a discharging current.

[0024] FIG 6 is a reference view for explaining a change in
voltage in a defective parallel unit cell when the high current

application unit in FIG 1 applies a charging current.

[0025] FIG 7 is a flowhart for explaining a nethod of
detecting a defect of a single cell in a battery system in

whi ch parallel unit cells are connected in series according to
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t he enbodi nent of the present disclosure.

[0026] FIG 8 is a flowhart for explaining a nethod of
detecting a defect of a single cell in a battery system in
whi ch parallel unit cells are connected in series according to

anot her enbodi nent of the present disclosure.

[0027] FIG 9 is a block diagramillustrating a conputer system
for inplenenting the nethod according to the enbodi nent of the

present discl osure.

DETAI LED DESCRI PTI ON
[0028] Advant ages and features of the present disclosure and
met hods of achi eving the advantages and features will be clear
with reference to enbodinents described in detail below
together with the acconpanyi ng drawi ngs. However, the present
disclosure is not limted to the enbodi ments disclosed herein
but will be inplenented in various forms. The enbodi nents of
the present disclosure are provided so that the present
di sclosure is conpletely disclosed, and a person with ordinary
skill in the art to which the present disclosure pertains can
fully understand the scope of the present disclosure. t he
present disclosure will be defined only by the scope of the
appended cl ai ns. Meanwhile, the terns used in the present
specification are for explaining the enbodinents, not for
[imting the present disclosure. Unless particularly stated

otherwise in the present specification, a singular form al so



includes a plural form The terns "conprise (include)" and/or
"conprising (including)" used in the specification are intended
to specify the presence of the nentioned constituent el enents,
steps, operations, and/or elenents, but do not exclude the
presence or addition of one or nore other constituent el enents,

steps, operations, and/or elenents.

[0029] FIG 1 is a configuration block diagram for explaining
a systemfor detecting a defect of a single cell in a battery
system in which parallel unit cells are connected in series

according to the present disclosure.

[0030] As illustrated in FIG 1, according to an enbodi nent of
the present disclosure, the systemfor detecting a defect of a
single cell in a battery systemin which parallel unit cells
are connected in series includes a high current application
unit 110, DCIR calculation units 120, and a defect detection

unit 130.

[0031] The system for detecting a defect of a single cell in a
battery system in which parallel unit cells are connected in
series according to the enbodinent of the present disclosure
uses a nethod of detecting a low cell voltage or a welding
defect and a busbar fastening defect and failure based on a
nmonitoring value in a discharging or charging output test

performed during an output test process in the related art.

[0032] In the case of a battery system 100 used for the

enbodi ment of the present disclosure, a plurality of individua
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cells is connected in parallel to constitute a single parallel
unit cell 101, and the parallel wunit cells 101, which are

configured as described above, are connected in series.

[0033] In the enbodinent of the present disclosure, as
illustrated in FIG 2, there will be described an exanpl e of
the systemfor detecting a defect of a unit cell in the battery
system 100 in which the parallel unit cell 101 is configured
by connecting the two battery cells 1 and 2 in parallel, and

six parallel unit cells 101 are connected in series.

[0034] The high current application unit 110 applies a high
current to the battery system 100 for a preset tinme. 1In the
enbodi nent of the present disclosure, as illustrated in FIG
3, the high current application unit 110 may apply any one of
a discharging current and a charging current, which is a
reverse current to the discharging current, to the battery

syst em 100.

[0035] The DCIR calculation units 120 are equal in nunber to
the parallel unit cells 101 provided in the battery system 100
and connected to input and output termnals of the parallel

unit cells 101 of the battery system 100, respectively.

[0036] The DCIR calculation unit 120 calculates DCIR (Q) of the
parallel unit cell 101 by using the amount (AV) of change in
voltage and the high current applied from the high current
application unit 110. In the present enbodi nent, in case that

t he high current provided by the high current application unit
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100 is the discharging current, the amount (AV) of change in
voltage may be calculated based on (cell mn voltage OCV
(before the application of current) - cell mn voltage CCV (at

the end of the application of current).

[0037] The defect detection unit 130 monitors the DCIR (Q)
cal cul ated by each DCIR cal cul ation unit and determ nes that a
defect occurs when a state voltage value of a closed circuit
voltage is equal to or nore, by a predeterm ned value of the
anount of change in voltage, than a state voltage val ue of an

open circuit voltage.

[0038] As illustrated in FIG 4, the defect detection unit 130
may cal cul ate a COV (V) and a DCI R output (W based on the type
of high current applied fromthe high current application unit
110, i.e., based on whether the high current is the charging

current or the discharging current.

[0039] In the enbodi nent of the present disclosure, the high
current application unit 110 may apply the discharging current
of the high current to the battery system 100 for a preset
time. When the high current application unit 110 applies the
di scharging current of the high current to the battery system
100, a voltage drop occurs on a defective single cell, anong
the parallel unit cells 101 in the battery system 100, in
accordance with internal resistance or the like, as illustrated

in FIG 5.

[0040] In this case, a calculation formula for a value (AV) of
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change in detection reference voltage for each pulse current
through a |lowvoltage cell detection nechanism is shown in

Equation 1.

[0041] [ Equation 1]

[0042] Reference Voltage AV [mV] = (0.7914 X Pulse current) -

28

[0043] Table 1 shows a change value calculated through the
calculation forrmula for the value of the change in detection
reference voltage for each discharging pulse current through

the | ow voltage cell detection nmechani sm

[0044] [Tabl e 1]

Cell min Cell min
Cal cul ati on
Current Vol t age Vol t age | AV [ mV]
formul a
ocV [ V] CcCeV [ V]
55. 6 3.78 3.76 20
Ref er ence
111.2 3.78 3.72 60 vol t age
V[ V]
166. 8 3.78 3. 68 100
=(0. 7914*
222. 4 3.78 3. 64 140 Pul se
t)-28
278.0 3.78 3. 60 200 current)

[0045] In another enbodinment of the present disclosure, the
high current application unit 110 nay apply the charging
current of the high current to the battery system 100 for a

preset tine. When the high current application unit 110
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applies the charging current of the high current to the battery
system 100, a voltage rise occurs on a defective single cell

anong the parallel unit cells 101 in the battery system 100,
in accordance with the internal resistance or the like, as

illustrated in FIG 6.

[0046] Then, the DCIR calculation unit 120 connected to the
i nput and output termnals of each parallel unit cell 101 of
the battery system 100 calculates the DCIR (Q) by using the
amount of change 1in voltage (AV) and the charging current
applied from the high current application unit 110. In the
present enbodi ment, when the high current applied fromthe high
current application unit 110 is the charging current, the
amount (AV) of change in voltage may be calculated based on
(cell max voltage CCV (at the end of the application of current)

- cell max voltage OCV (before the application of current).

[0047] In this case, a calculation formula for a value (AV) of
change in detection reference voltage for each pulse current
through a |lowvoltage cell detection nechanism is shown in

Equati on 2.
[0048] [ Equation 2]

[0049] Reference Voltage AV [mV] = (0.7554 X Pulse current) -

12

[0050] The value (AV) of change in detection reference voltage

may be cal cul ated by using Equation 2.
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[0051] [Tabl e 2]

Cell mn Cell mn
Current | AV Cal cul ation
Vol t age Vol t age
[ Al [ mV] formul a
ocvV [ V] ccv [ V]
55.6 3.8 3.84 20
Ref er ence
111. 2 3.8 3. 86 60 vol tage
V[ nV]
166. 8 3.78 3.9 100
=( 0. 7554*
222. 4 3.78 3.94 140 Pul se
current)-12
278.0 3.78 3.98 200

[0052] According to the enbodinent of the present disclosure,
the cells are connected in parallel in the battery system
When one of the parallel unit cells 101 is defective, a battery
systemin the related art cannot detect the defective paralle
unit cell. In the present disclosure, it is difficult to
detect a defect of a single cell provided in the paralle
configuration in an open circuit voltage (OCV) state. However,
it is possible to detect the defect of the single cell in the
parallel unit cell 101 by identifying a deviation between the

cells by applying the high current.

[0053] In addition, in the present disclosure, in case of a | ow
cell voltage or a wel ding defect and a busbar fastening defect,
internal or external resistance of a local cell, at the tine

of applying discharging or chargi ng pul se of the high current,
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causes a voltage drop in case of discharging or a voltage rise
in case of charging, such that the wvalue (AV) 1is at a
predeterm ned | evel or higher. 1t is possible to inprove the
power of verification by defining the wvalue (AV) during the
chargi ng and di schargi ng processes by using a M n/ Max val ue of
the single cell instead of the value (AV) of the voltage in

the entire battery systemin the related art.

[0054] When the charging current is applied by the high current
application unit 110 connected to the output termnal of the
battery system 100, the defect detection unit 300 nonitors the
value of the cell voltage outputted from the battery system
100 including the parallel unit cells each having battery cells
connected in parallel. Wen a maxi numstate cell voltage val ue
of the closed circuit voltage is equal to or nore, by a
predeterm ned val ue of the amount of change in voltage, than a
maxi mum state cell voltage value of the open circuit voltage,
the defect detection unit 300 nay determne that a defect

occurs.

[0055] Table 3 is referenced to the description of a difference
between an output test according to the enbodinent of the

present disclosure and an output test in the related art.

[0056] [Tabl e 3]

Classificati | Basic output
| mproved out put test
on t est
Chargi ng/di s | denti cal I denti cal

15



char gi ng

application

current
In case of applying charging
OCV before current: cell nmax OCV voltage
chargi ng or bef ore chargi ng
di schargi ng In case of applying
battery di scharging current: cell mn
system OCV vol tage before
di schar gi ng
In case of applying charging
CcCV after current: cell max CCV voltage
char gi ng or i medi ately after charging
Moni tori ng
di schar gi ng In case of applyin
val ue PPl ying
battery di scharging current: cell min
system CCV vol tage i medi ately after
di schar gi ng
Tenper at ur e Tenper ature
Devi ati on
bet ween cells
Devi ati on between cells after
after
chargi ng or discharging
chargi ng or
di schargi ng
Measur enent Measurenent of interna
DCl R

of i nternal

resi stance of cell unit
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resi st ance of

entire
battery
system
Det ection of |ow voltage cel
i s possible
Det ecti on of In case of applying charging

| ow-voltage |current: cell max CCV - cel

cell max OCV = AV  value 1is
Remar ks
(defective reference val ue or nore
cell) is In case of appl yi ng
i npossi bl e di scharging current: cell mn
OCV — cell min CCV = AV value
is reference value or nore
[0057] Meanwhile, in the case of the l|lowvoltage cell, an
internal resistance (DCIR) value of the cell is high because
of various failures in the cell. Therefore, it is possible to

i mprove output test detectability by using characteristics in
which, in case that an instantaneous high pulse current is
applied, a voltage rise wvalue (AV) increases when the current
is the charging current, and a voltage drop value (AV)

i ncreases when the current is the discharging current.

[0058] In addition, in another enbodinment of the present
di scl osure, the high current application unit 110 may detect a
defect of the single cell in the battery system by applying

the charging current of the high current to the battery system
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100. Thereafter, the high current application unit 110 may
verify the defect of the single cell in the battery system by
applying the discharging current of the high current to the
battery system 100 to perform the verification again, or the
hi gh current application unit 110 may verify the defect of the

single cell in the battery system by using a reverse nethod.

[0059] Hereinafter, a nmethod of detecting a defect of a single
cell in a battery system in which parallel unit cells are
connected in series according to an enbodi nent of the present

di sclosure will be described with reference to FIG 7.

[0060] The net hod of detecting a voltage of each of the parall el
unit cells 101 in the battery systemin which the parallel unit
cells 101, which are each configured by connecting the
plurality of cells in parallel, are connected in series wll

be described with reference to FIG 8.

[0061] First, a maxinmum voltage of the parallel unit cell 101
is neasured in a state in which no charging current is applied
to the battery system 100 by the high current application unit

110 (S710).

[0062] Next, the high current application unit 110 applies the
charging current to the battery system for a preset tinme

(S720).

[0063] Thereafter, a maxi mum voltage of each of the parallel

unit cells 101 is neasured for the tinme for which the high

18



current application unit 110 applies the charging current to

the battery systemfor the preset tine (S730).

[0064] Next, whether a value of change in each maxi num voltage
is a preset reference voltage or less is determned for the
time for which the charging current is applied to each of the

parallel unit cells 101 (S740).

[0065] In the determ nation step S740, when the val ue of change
in maxi rumvoltage for the tinme for which the charging current
is applied to the parallel unit cell 101 is equal to or nore
than a preset value of change in reference voltage (YES), it
is determned that the parallel unit cell 101 has a defect

(S750) .

[0066] In contrast, in the determnation step S740, when the
val ue of change in maxi mum voltage for the time for which the
charging current is applied to the parallel unit cell 101 is
equal to or less than the preset value of change in reference
voltage (NO, it is determned that the battery system is
normal (S760). Wen the battery system 100 is nornmal, the DCIR
is conputed, an output voltage is conputed, a voltage and
tenperature are neasured, and it is determ ned whether the

out put test is passed.

[0067] A nethod of detecting a defect of a single cell in a
battery system in which parallel unit cells are connected in
series according to another enbodinment of the present

di sclosure will be described with reference to FIG 8.
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[0068] First, a mninmum voltage of the parallel unit cell 101
is neasured in a state in which no high current is applied by

the high current application unit 110 (S810).

[0069] Next, the high current application unit 110 applies the
charging current to the battery system for a preset tine

(S820).

[0070] Thereafter, a naximum voltage of each of the parallel
unit cells 101 is neasured for the tinme for which the high
current application unit 110 applies the high current to each

of the parallel unit cells 101 (S830).

[0071] Whether a value of change in each maximum voltage is a
preset reference voltage or less is determned for the tine
for which the high current is applied to each of the parall el

unit cells 101 (S840).

[0072] In the determ nation step S840, when the val ue of change
in maxi mum voltage for the tinme for which the high current is
applied to the parallel unit cell 101 is equal to or nore than
a preset value of change in reference voltage (YES), it is

determ ned that the parallel unit cell 101 has a defect (S850).

[0073] In contrast, in the determ nation step S840, when the
val ue of change in maxi mum voltage for the time for which the
high current is applied to the parallel unit cell 101 is equa
to or less than the preset val ue of change in reference vol tage

(NO, it is determned that the battery system is norma
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(S860). Wien the battery system 100 is nornmal, the DCIR is
conputed, an output voltage is conputed, a voltage and
tenperature are neasured, and it is determ ned whether the

out put test is passed.

[0074] FIG 9 is a block diagramillustrating a conmputer system
for inplenmenting the nethod according to the enbodi nent of the

present discl osure.

[0075] Referring to FIG 9, the conputer system1300 may i ncl ude
at least one of a processor 1310, a nenory 1330, an input
interface device 1350, an output interface device 1360, and a
storage device 1340 that communicate with one another through
a bus 1370. The conputer system 1300 may also include a
comuni cation device 1320 coupled to a network. The processor
1310 nay be a central processing unit (CPU) or a sem conductor
devi ce that executes commands stored in the nenory 1330 or the
storage device 1340. The nenory 1330 and the storage device
1340 may include various types of volatile or nonvolatile
storage nedia. Exanples of the nmenory nmay include a read-only
menmory (ROM and a randomaccess nenory (RAM. In the
enbodi nent of the present disclosure, the nmenory my be
positioned inside or outside the processor, and the nmenory may
be connected to the processor through various neans known
al ready. The nenory may be a volatile or non-volatile storage
medi um havi ng various shapes. For exanple, the nenory may

include a read-only nenmory (ROM) or a random access nenory

21



(RAM) .

[0076] Therefore, the enbodi ment of the present disclosure my
be inplenmented as a nethod inplenented in a conputer or
i npl emented as a non-transitory conputer-readabl e nedi um t hat
stores conput er - execut abl e commands. Wen a conput er -readabl e
command is executed by the processor in one enbodinent, the
conput er -readabl e command may perform the nethod according to

at | east one aspect of the present disclosure.

[0077] The communi cation device 1320 may transmt or receive a

wired or wirel ess signal

[0078] In addition, the nethod according to the exenplary
enbodi ment of the present disclosure may be inplenented in the
form of program commands executable by neans of various

conput er neans and then recorded i n a conput er - readabl e nmedi um

[0079] The conputer-readable nedium my include program
commands, data files, data structures, or the like, in a stand-
alone formor in a conbination thereof. The program comuands
recorded in the conputer-readable nedium may be designed and
configured specifically for the enbodinents of the present
di sclosure or nmay be publicly known and available to those
skilled inthe field of conputer software. A conputer-readable
recordi ng nedium may include a hardware device configured to
store and execute the program comrands. For exanple, exanples
of the conputer-readabl e recordi ng nedium may i ncl ude nmagnetic

medi a, such as a hard disk, a floppy disk and a nagnetic tape,
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optical nedia, such as CD-ROM and DVD, nagneto-optical nedia,
such as a floptical disk, a ROM a RAM and a flash nenory.
Exanpl es of program conmands nay include high-level |anguage
codes that nmay be executed by a conputer using an interpreter,

etc., as well as nmachine | anguage codes nade by a conpiler.

[0080] While the configuration of the present disclosure has
been described above in detail wth reference to the
acconpanyi ng draw ngs, the description of the configuration is
for illustrative purposes only, and various nodifications and
alterations may of course be nade by those skilled in the art
wi t hout departing from the technical spirit of the present
di scl osure. Accordingly, the protection scope of the present
di sclosure should not be |imted to the above-nentioned

enbodi ments but should be determ ned by the appended cl ai ns.
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WHAT | S CLAI MED | S:

[ CLAIM 1]

A system for detecting a defect of a single cell in a
battery systemin which parallel unit cells are connected in
series, the system conpri sing:

a high current application unit configured to apply a high
current to a battery systemfor a preset tineg;

a plurality of DCIR calculation wunits respectively
connected to input and output termnals of parallel unit cells
that constitute the battery system the plurality of DCR
calculation units being configured to calculate DCIR (Q) of
the parallel unit cells by using the amount (AV) of change in
voltage and the high current applied from the high current
application unit; and

a defect detection unit configured to nonitor the DCIR
(Q) calculated by the DCIR calculation unit and configured to
determ ne that a defect occurs when a state voltage val ue of a
closed circuit voltage is equal to or nore, by a predeterm ned
val ue of the anmount of change in voltage, than a state voltage

val ue of an open circuit voltage.

[ CLAI M 2]

The system of claim 1, wherein the battery system is
configured by connecting, in series, the parallel unit cells
in which battery cells are connected in parallel.
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[ CLAI M 3]
The system of <claim 1, wherein the high current
application unit applies one of a discharging current and a

charging current.

[ CLAI M 4]

The system of claim 3, wherein when the high current
applied to the battery system by the high current application
unit is the charging current, the defect detection wunit
monitors the DCIR (Q) calculated by the DCIR calculation unit
and determnes that a defect occurs when a maxi num state cel
voltage value of the closed circuit voltage is equal to or
nmore, by a predeterm ned value of the anpbunt of change in
vol tage, than a maximum state cell voltage value of the open

circuit voltage.

[ CLAI M 5]

The system of claim 3, wherein when the high current
applied to the battery system by the high current application
unit is the discharging current, the defect detection unit
monitors the DCIR (Q) calculated by the DCIR calculation unit
and determnes that a defect occurs when a mninum state cel
vol tage value of the closed circuit voltage is equal to or
nmore, by a predeterm ned value of the anpbunt of change in
voltage, than a mninmum state cell voltage value of the open

25



circuit voltage.

[ CLAI M 6]

A nmethod of detecting a defect of a single cell in a
battery systemin which parallel unit cells are connected in
series, the nethod conprising:

measuring a maxi mum voltage of the parallel unit cell in
the battery systemin a state in which no charging current is
applied to the battery system by a high current application
unit;

appl ying, by the high current application unit, a charging
current to the battery systemfor a preset tineg;

measuring a maxi numvol tage of the parallel unit cell for
atime for which the high current application unit applies the
charging current to the battery systemfor a preset tine;

determ ni ng whether a val ue of change in maxi num voltage
for the time for which the charging current is applied to the
battery systemis a preset reference voltage or |ess; and

determning that the parallel unit cell has a defect when
t he value of change in maxi num voltage for the tinme for which
the charging current is applied to the parallel unit cell is
equal to or nore than a preset value of change in reference
voltage in the determ ning of whether the value of change in
maxi mum vol tage for the tine for which the charging current is
applied to the battery systemis the preset reference voltage
or |ess.
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[ CLAI M 7]

The nmethod of claim#6, conprising:

determ ning that an output test is passed when the val ue
of change i n maxi numvol tage for the tine for which the charging
current is applied to the parallel unit cell is equal to or
| ess than the preset value of change in reference voltage in
the determ ning of whether the value of change in maxi num
vol tage for the tinme for which the charging current is applied

to the battery systemis the preset reference voltage or |ess.

[ CLAI M 8]

A nmethod of detecting a defect of a single cell in a
battery systemin which parallel unit cells are connected in
series, the nethod conprising:

measuring a mninmum voltage of the parallel unit cell in
a state in which no high current is applied to the battery
system by a high current application unit;

appl ying, by the high current application unit, a charging
current to the battery systemfor a preset tineg;

measuri ng a maxi numvol tage of the parallel unit cell for
atime for which the high current application unit applies the
hi gh current to the battery system

determ ni ng whet her a val ue of change in nmaxi num vol t age
for the time for which the high current is applied to the
battery systemis a preset reference voltage or |less; and
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determning that the parallel unit cell has a defect when
t he val ue of change in maxi num voltage for the tinme for which
the high current is applied to the parallel unit cell is equa
to or nore than a preset value of change in reference voltage
in the determ ning of whether the value of change in maxi num
vol tage for the time for which the high current is applied to

the battery systemis the preset reference voltage or |ess.

[ CLAI M 9]

The nethod of claim8, conprising:

determ ning that an output test is passed when the val ue
of change in maxi mum voltage for the tinme for which the high
current is applied to the battery systemis equal to or |ess
than the preset value of change in reference voltage in the
determ ning of whether the value of change in maxi mum vol t age
for the time for which the high current is applied to the

battery systemis the preset reference voltage or |ess.
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