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(54) CHARGING CONTROL APPARATUS AND METHOD CAPABLE OF ENERGY SAVING AND 
QUICK CELL BALANCING

(57) The present disclosure discloses a charge con-
trol apparatus and method for energy saving and high
speed cell balancing. According to the present disclo-
sure, when any one of a plurality of battery cells reaches
a fully charged state, charging is temporarily stopped.
Additionally, a battery cell with the lowest state of charge
is determined to be a target for supplemental charging
and the remaining battery cells are determined to be a
target for forced discharging. Subsequently, cell balanc-
ing including supplemental charging and forced dis-
charging is performed. When among the battery cells be-
ing forcedly discharged the number of battery cells with
the same state of charge as the state of charge of the
battery cell being supplementally charged is equal to or
larger than a reference number, cell balancing is stopped
and charging is performed again. This cell balancing
process is iteratively performed each time any one of the
plurality of battery cells reaches a fully charged state.
The present disclosure may reduce the energy waste
during cell balancing through forced discharging and re-
duce the time taken to charge the battery cells until fully
charged state.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a charge con-
trol apparatus and method having effects of energy sav-
ing and high speed balancing during cell balancing in-
volved when fully charging a high voltage battery includ-
ing a plurality of battery cells.
[0002] The present application claims priority to Kore-
an Patent Application No. 10-2017-0003759 filed in the
Republic of Korea on January 10, 2017 and Korean Pat-
ent Application No. 10-2018-0002508 filed in the Repub-
lic of Korea on January 8, 2018, the disclosures of which
are incorporated herein by reference.

BACKGROUND ART

[0003] Batteries are used in mobile devices such as
mobile phones, laptop computers, smart phones and
smart pads, and besides, their range of applications is
rapidly expanding in the fields such as vehicles powered
by electricity (EV, HEV, PHEV) or large capacity energy
storage system (ESS).
[0004] A high voltage battery mounted in an electric
vehicle includes a plurality of battery cells connected in
series. In some instances, each battery cell may include
a plurality of unit cells connected in parallel.
[0005] The battery cell as used herein may include one
unit cell or a plurality of unit cells connected in parallel.
The unit cell refers to a single independent cell that has
a negative electrode terminal and a positive electrode
terminal and can be physically separated. For example,
a pouch-type lithium polymer cell may be regarded as a
unit cell.
[0006] The battery cells constituting the high voltage
battery do not have the same electrochemical properties.
Additionally, when the number of charge/discharge cy-
cles of the high voltage battery increase, each battery
cell differs in the extent of degradation, and a difference
in performance between the battery cells increases. Ac-
cordingly, the state of charge of each battery cell increas-
es at different rates during charging of the high voltage
battery until full charge state.
[0007] Here, the state of charge is a parameter numer-
ically indicating a ratio of capacity the battery cell has
been charged so far on the basis of full charge capacity.
The state of charge is expressed as % or a number be-
tween 0 and 1. As the number of charge/discharge cycles
of the battery cell increases, the full charge capacity slow-
ly reduces.
[0008] During charging of the high voltage battery until
full charge state, a degraded battery cell increases in the
state of charge at higher speed than a less degraded
battery cell. This is because the full charge capacity of
degraded battery cell is lower than that of non-degraded
battery cell. Accordingly, during charging of the high volt-
age battery, the state of charge of each battery cell differs

from each other.
[0009] Conventional high voltage battery charging
technology includes temporarily stopping charging and
performing cell balancing to reduce a difference in the
state of charge between battery cells.
[0010] There are many types of cell balancing technol-
ogies, and due to the benefit of simple circuit configura-
tion, buck balancing technology forcedly discharging a
battery cell with a higher state of charge is mainly used.
[0011] However, buck balancing has the following
problems; energy is consumed during cell balancing. Ad-
ditionally, when buck balancing is performed, the state
of charge of all the battery cells reduces and the charging
time taken to fully charge the battery cells increases as
much.
[0012] FIG. 1 is a conceptual diagram illustrating the
problems of the conventional buck balancing technology.
[0013] Referring to FIG. 1, n battery cells are connect-
ed in series to form a high voltage battery. The high volt-
age battery is connected to a charging power source unit
10 for charging.
[0014] Each battery cell is individually connected to a
discharge circuit including a switch S1-Sn and a discharge
resistor R1-Rn. When the switch of any one discharge
circuit is turned on, the battery cell connected to the cor-
responding discharge circuit is discharged and the state
of charge of the battery cell is lowered.
[0015] In FIG. 1, the numerical value indicated on the
right side of each battery cell denotes the state of charge.
The state of charge of the first cell and the nth cell is
100%, the state of charge of the second cell is 90%, and
the state of charge of the n-1th cell is 80%. Among the n
battery cells, the state of charge of the n-1th battery cell
is lowest. The height of the hatched area indicated in
each battery cell denotes the magnitude of the state of
charge, and the same is applied below.
[0016] When the state of charge of the first cell and the
nth cell becomes 100% during charging of the high volt-
age battery as shown in FIG. 1, charging is temporarily
stopped and buck balancing process through forcible dis-
charging is performed. This is because if charging con-
tinues, the first cell and the nth cell are over-charged.
[0017] Buck balancing is performed until the state of
charge of the first cell and nth cell with 100% state of
charge and the state of charge of the second cell with
90% state of charge reaches the lowest state of charge
of the n-1th cell.
[0018] During buck balancing, the switches S1, S2, Sn
included in the discharge circuits connected to the first
cell, the second cell and the nth cell maintains turn-on
state, and the state of charge of each cell is reduced to
80%.
[0019] In this process, the first cell and the nth cell have
energy consumption corresponding to 20% state of
charge, and the second cell has energy consumption cor-
responding to 10% state of charge. Additionally, because
the state of charge of all the battery cells is reduced to
80%, the time taken to fully charge all the battery cells
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increases as much. Because the state of charge of all
the battery cells is reduced to 80%, a difference between
the fully charged state (100%) and the state of charge of
the first cell, the second cell and the nth cell is greater
than before buck balancing is performed.
[0020] Meanwhile, when the state of charge of all the
battery cells becomes 80%, charging starts again. How-
ever, even after charging starts again, a situation takes
place again in which the state of charge of a certain bat-
tery cell reaches 100% first.
[0021] Accordingly, buck balancing process repeats
again to balance down the state of charge by discharging
the remaining cells except a cell with lowest state of
charge again. In this process, the above-described prob-
lem occurs again.

DISCLOSURE

Technical Problem

[0022] The present disclosure is designed under the
background of the related art as described above, and
therefore, the present disclosure is directed to providing
an improved charge control apparatus and method for
reducing energy consumption in the course of balancing
the state of charge of each battery cell through forced
discharging during charging of a high voltage battery until
fully charged state and further reducing the time taken
to fully charge the battery cells.

Technical Solution

[0023] To achieve the above-described technical ob-
ject, a charge control apparatus of a high voltage battery
according to the present disclosure is an apparatus for
controlling charging of a high voltage battery including
first to nth battery cells connected in series.
[0024] The charge control apparatus according to the
present disclosure includes first to nth discharge circuits
connected respectively to the first to nth battery cells; a
high voltage charge line through which high voltage
charging power is applied to the first battery cell and the
nth battery cell, the high voltage charge line including a
high voltage charge switch unit; a supplemental charge
line through which low voltage charging power is applied;
first to nth supplemental charge switch circuits connected
respectively to the first to nth battery cells to selectively
connect the supplemental charge line to at least one of
the first to nth battery cells; and a control unit electrically
coupled with the high voltage charge switch unit, the first
to nth discharge circuits, and the first to nth supplemental
charge switch circuits.
[0025] Preferably, the control unit is configured to (a)
calculate a state of charge of the first to nth battery cells,
(b) turn off the high voltage charge switch unit when at
least one of the first to nth battery cells reaches a fully
charged state during charging of the first to nth battery
cells, (c) determine at least one of the first to nth battery

cells with lowest state of charge to be a target for sup-
plemental charging and the remaining battery cells to be
a target for forced discharging, (d) operate the discharge
circuit connected to each battery cell determined to be
the target for forced discharging to forcedly discharge
the corresponding battery cell, and at the same time, op-
erate the supplemental charge switch circuit connected
to the battery cell determined to be the target for supple-
mental charging to connect the corresponding battery
cell to the supplemental charge line to supplementally
charge the battery cell, and (e) when among the battery
cells being forcedly discharged, any battery cell with the
same state of charge as the battery cell being supple-
mentally charged appears, stop the operation of the dis-
charge circuit connected to the corresponding battery cell
and operate the supplemental charge switch circuit con-
nected to the corresponding battery cell.
[0026] In an embodiment, each of the first to nth dis-
charge circuits may include a discharge switch and a
discharge resistor, and each of the first to nth supplemen-
tal charge switch circuits may include a charge switch.
[0027] According to another aspect, the control unit
may be configured to, (f) when the number of battery cells
with the same state of charge is equal to or larger than
a reference number during forced discharging and sup-
plemental charging, stop the operation of all the dis-
charge circuits and all the supplemental charge switch
circuits, and turn on the high voltage charge switch unit.
[0028] According to still another aspect, the control unit
may be configured to iteratively execute the control logic
of (a) to (f) until the state of charge of the first to nth battery
cells reaches a fully charged state.
[0029] Preferably, the control unit may be configured
to increase the reference number with the increasing
number of battery cells to be supplementally charged.
[0030] Preferably, the control apparatus according to
the present disclosure may include a voltage measuring
unit to measure voltage of the first to nth battery cells, a
current measuring unit to measure the magnitude of a
charge current or discharge current of the first to nth bat-
tery cells, and a temperature measuring unit to measure
temperature of the first to nth battery cells, and the control
unit may be configured to calculate and monitor the state
of charge of each battery cell using the measured voltage
values, the measured current values and the measured
temperature values of the first to nth battery cells.
[0031] Preferably, the charge control apparatus ac-
cording to the present disclosure may further include a
connector unit coupled with a charging power source unit,
and to which the high voltage charge line and the sup-
plemental charge line are connected, and the supple-
mental charge line may include a transformer to decrease
a charging voltage applied through the connector unit.
[0032] There is no limitation in including the transform-
er in the connector unit.
[0033] Preferably, the connector unit may include an
input terminal to which a high voltage charging cable ex-
tending from the charging power source unit is connect-
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ed, a first output terminal to which the high voltage charge
line is connected, and a second output terminal to which
the supplemental charge line is connected.
[0034] To achieve the above-described technical ob-
ject, a charge control method of a high voltage battery
according to the present disclosure is a method for con-
trolling charging of a high voltage battery including first
to nth battery cells connected in series, and may include
a first step of charging the high voltage battery by apply-
ing high voltage charging power to the first battery cell
and the nth battery cell, a second step of calculating and
monitoring a state of charge of the first to nth battery cells,
a third step of stopping the application of the high voltage
charging power when at least one of the first to nth battery
cells reaches a fully charged state during charging of the
first to nth battery cells, a fourth step of determining at
least one of the first to nth battery cells with lowest state
of charge to be a target for supplemental charging and
the remaining battery cells to be a target for forced dis-
charging, a fifth step of operating a discharge circuit con-
nected to each battery cell determined to be the target
for forced discharging to forcedly discharge the corre-
sponding battery cell, and at the same time, operating a
supplemental charge switch circuit connected to each
battery cell determined to be the target for supplemental
charging to connect the corresponding battery cell to a
supplemental charge line to supplementally charge the
battery cell, a sixth step of identifying a battery cell with
the same state of charge as the battery cell being sup-
plementally charged among the battery cells being forc-
edly discharged, and a seventh step of stopping the op-
eration of the discharge circuit connected to the identified
battery cell and operating the supplemental charge
switch circuit connected to the corresponding battery cell.
[0035] According to another aspect, the charge control
method according to the present disclosure may further
include an eighth step of stopping the operation of all the
discharge circuits and all the supplemental charge switch
circuits when the number of battery cells with the same
state of charge is equal to or larger than a reference
number while forced discharging and supplemental
charging are simultaneously performed, and a ninth step
of applying the high voltage charging power again.
[0036] Preferably, the charge control method accord-
ing to the present disclosure may include iteratively per-
forming the first to ninth steps until the state of charge of
the first to nth battery cells reaches a fully charged state.
[0037] According to still another aspect, the charge
control method according to the present disclosure may
further include increasing the reference number with the
increasing number of battery cells to be supplementally
charged.
[0038] The technical objects of the present disclosure
may be also achieved by a battery pack and a battery
management system including the charge control appa-
ratus according to the present disclosure.

Advantageous Effects

[0039] According to the present disclosure, as time
goes by, the number of target battery cells for supple-
mental charging increases, while the number of target
battery cells for forced discharging reduces. Eventually,
the state of charge of all the battery cells reaches 100%.
Additionally, as forced discharging and supplemental
charging are simultaneously performed while cell balanc-
ing is performed, cell balancing is performed with the
state of charge of all the battery cells increasing on the
average. Accordingly, it is possible to reduce an amount
of energy consumed through forced discharging during
cell balancing, and reduce the time taken to fully charge
the battery cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawings illustrate an em-
bodiment of the present disclosure and together with the
following detailed description, serve to provide further
understanding of the technical aspects of the present dis-
closure, and thus, the present disclosure is not construed
as being limited to the drawings.

FIG. 1 is a conceptual diagram illustrating a problem
of conventional buck balancing technology.
FIG. 2 is a block diagram showing an embodiment
of a charge control apparatus of a high voltage bat-
tery according to an embodiment of the present dis-
closure.
FIG. 3 is a detailed flowchart showing a method for
controlling the charge of a high voltage battery by a
control unit according to an embodiment of the
present disclosure.

MODE FOR CARRYING OUT THE INVENTION

[0041] Hereinafter, embodiments of the present disclo-
sure will be described with reference to the accompany-
ing drawings. Prior to the description, it should be under-
stood that the terms or words used in the specification
and the appended claims should not be construed as
limited to general and dictionary meanings, but interpret-
ed based on the meanings and concepts corresponding
to the technical aspects of the present disclosure on the
basis of the principle that the inventor is allowed to define
the terms appropriately for the best explanation. There-
fore, the embodiments described herein and illustrations
shown in the drawings are just an embodiment of the
present disclosure, but not intended to fully describe the
technical aspects of the present disclosure, so it should
be understood that various other equivalents and modi-
fications could be made thereto at the time the invention
was made.
[0042] In the embodiments described below, a battery
refers to a lithium secondary battery. Here, the lithium
secondary battery refers collectively to secondary bat-
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teries in which lithium ions act as working ions during
charging and discharging, causing electrochemical reac-
tions at the positive electrode and the negative electrode.
[0043] Meanwhile, it should be interpreted as that even
though the name of the secondary battery changes de-
pending on the type of electrolyte or separator used in
the lithium secondary battery, the type of packaging used
to package the secondary battery and the internal or ex-
ternal structure of the lithium secondary battery, the lith-
ium secondary battery covers any secondary battery us-
ing lithium ions as working ions.
[0044] The present disclosure may be also applied to
secondary batteries other than lithium secondary batter-
ies. Accordingly, it should be interpreted as that the
present disclosure covers any secondary battery to which
the technical aspects of the present disclosure may be
applied irrespective of the type, even though working ions
are not lithium ions.
[0045] Additionally, it should be noted that the battery
cell may refer to a unit cell or a plurality of unit cells con-
nected in parallel.
[0046] FIG. 2 is a block diagram showing an embodi-
ment of a charge control apparatus of a high voltage bat-
tery according to an embodiment of the present disclo-
sure.
[0047] Referring to FIG. 2, the charge control appara-
tus 20 according to an embodiment of the present dis-
closure is an apparatus for controlling the charge of the
high voltage battery 21 including first to nth battery cells
B1, B2,..., Bn-1, Bn connected in series.
[0048] In an aspect, the charge control apparatus 20
includes a connector unit 30. The connector unit 30 may
be detached/attached from/to an external charging pow-
er source unit 31.
[0049] In an example, when the high voltage battery
21 is a battery mounted in an electric vehicle, the con-
nector unit 30 may be a charging connector provided in
the electric vehicle. Additionally, the charging power
source unit 31 may be a charger for the electric vehicle.
[0050] Preferably, the connector unit 30 includes an
input terminal 32 to which high voltage charging power
outputted from the charging power source unit 31 is ap-
plied.
[0051] Additionally, the connector unit 30 includes a
first output terminal 33 that outputs high voltage charging
power to simultaneously charge the first to nth battery
cells B1, B2,..., Bn-1, Bn during charging of the high voltage
battery 21.
[0052] Additionally, the connector unit 30 includes a
second output terminal 34 that outputs supplemental
charging power to supplementally charge at least one
battery cell that is not forcedly discharged when cell bal-
ancing is performed during charging of the high voltage
battery 21 until fully charged state. The first output ter-
minal 33 is connected to a high voltage charge line 23,
and the second output terminal 34 is connected to a sup-
plemental charge line 24.
[0053] In an aspect, the magnitude of charging power

outputted from the first output terminal 33 and the second
output terminal 24 may be equal. In this case, optionally,
the supplemental charge line 24 may further include a
transformer 35 to reduce the charging power to the level
on which at least one battery cell can be supplementally
charged. The power conversion ratio of the transformer
35 may be determined beforehand based on the number
of battery cells to supplementally charge through the sup-
plemental charge line 24. The number of battery cells
that can be supplementally charged may be selected
within the range of 1 to n-1. Here, n is the total number
of battery cells.
[0054] The transformer 35 may be included in the con-
nector unit 30 as opposed to that shown in the drawing.
In this case, the transformer 35 is electrically connected
between the input terminal 32 and the second output ter-
minal 34, to convert the charging power supplied through
the input terminal 32 to supplemental charging power.
[0055] The charge control apparatus 20 includes first
to nth discharge circuits D1, D2,..., Dn-1, Dn connected
respectively to the first to nth battery cells B1, B2,..., Bn-1,
Bn.
[0056] Preferably, the first discharge circuit D1 includes
a discharge switch S1 and a discharge resistor R1. Sim-
ilarly, the second discharge circuit D2 includes a dis-
charge switch S2 and a discharge resistor R2. Similarly,
the n-1th discharge circuit Dn-1 includes a discharge
switch Sn-1 and a discharge resistor Rn-1. Similarly, the
nth discharge circuit Dn includes a discharge switch Sn
and a discharge resistor Rn. Although not shown, the
third discharge circuit D3 to n-2th discharge circuit Dn-2
have the same configuration.
[0057] Additionally, the charge control apparatus 20
includes a high voltage charge line 23 on which a high
voltage charge switch unit 22 is provided to apply high
voltage charging power to the first battery cell B1 and the
nth battery cell Bn. The high voltage charge line 23 is
electrically coupled with the first output terminal 33 of the
connector unit 30.
[0058] Additionally, the charge control apparatus 20
includes the supplemental charge line 24 to supplemen-
tally charge at least one battery cell that is not forcedly
discharged while cell balancing is performed by a forced
discharging method. The supplemental charge line 24 is
electrically coupled with the second output terminal 34
of the connector unit 30.
[0059] Additionally, the charge control apparatus 20
includes first to nth supplemental charge switch circuits
C1, C2,..., Cn-1, Cn connected respectively to the first to
nth battery cells B1, B2,..., Bn-1, Bn to selectively connect
the supplemental charge line 24 to one or more battery
cell(s) selected from the first to nth battery cells B1, B2,...,
Bn-1, Bn.
[0060] Preferably, the first supplemental charge switch
circuit C1 includes a first switch C1,1 and a second switch
C1,2 connected respectively to the positive electrode and
the negative electrode of the first battery cell B1. Similarly,
the second supplemental charge switch circuit C2 in-
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cludes a first switch C2,1 and a second switch C2,2. Sim-
ilarly, the n-1th supplemental charge switch circuit Cn-1
includes a first switch Cn-1,1 and a second switch Cn-1,2.
Similarly, the nth supplemental charge switch circuit Cn
includes a first switch Cn,1 and a second switch Cn,2.
Although not shown, the third supplemental charge
switch circuitC3 to n-2th supplemental charge switch cir-
cuit Cn-2 have the same configuration.
[0061] Additionally, the charge control apparatus 20
includes a control unit 25 electrically coupled with the
high voltage charge switch unit 22, the first to nth dis-
charge circuits D1, D2,..., Dn-1, Dn, and the first to nth

supplemental charge switch circuits C1, C2,..., Cn-1, Cn.
[0062] Here, electrical coupling refers to the case in
which the control unit 25 is electrically coupled with the
high voltage charge switch unit 22, the first to nth dis-
charge circuits D1, D2,..., Dn-1, Dn and the first to nth sup-
plemental charge switch circuits C1, C2,..., Cn-1, Cn to
actively control the operation of the high voltage charge
switch unit 22, the first to nth discharge circuits D1, D2,...,
Dn-1, Dn and the first to nth supplemental charge switch
circuits C1, C2,..., Cn-1, Cn.
[0063] Preferably, the control unit 25 outputs a signal
that controls the turn-on or turn-off of the high voltage
charge switch unit 22. Additionally, the control unit 25
outputs a signal that may individually control the turn-on
or turn-off of the discharge switches S1, S2,..., Sn-1, Sn
included in the first to nth discharge circuits D1, D2,...,
Dn-1, Dn. Additionally, the control unit 25 outputs a signal
that may individually control the turn-on or turn-off of the
first switches C1,1, C2,1,..., Cn-1,1, Cn,1 and the second
switches C1,2, C2,2,..., Cn-1,2, Cn,2 included in the first to
nth supplemental charge switch circuits C1, C2,..., Cn-1,
Cn.
[0064] Preferably, the charge control apparatus 20
may include a storage unit 29. The storage unit 29 is not
limited to a particular type as long as it is a storage me-
dium capable of recording and erasing information.
[0065] For example, the storage unit 29 may be RAM,
ROM, EEPROM, register, flash memory, hard disk, op-
tical recording media or magnetic recording media.
[0066] The storage unit 29 may be also electrically con-
nected to the control unit 25, for example, through a data
bus, to allow the control unit 25 to access the storage
unit 29.
[0067] The storage unit 29 also stores and/or updates
and/or erases and/or transmits programs including vari-
ous control logics that are executed by the control unit
25, and/or data created when the control logic is execut-
ed.
[0068] The storage unit 29 may be logically split into
two or more, and may be included in the control unit 25
without limitations.
[0069] Preferably, the charge control apparatus 20 in-
cludes a voltage measuring unit 26 to measure the volt-
age of the first to nth battery cells B1, B2,..., Bn-1, Bn, a
current measuring unit 27 to measure the magnitude of
charge current or discharge current for the first to nth

battery cells B1, B2,..., Bn-1, Bn, and a temperature meas-
uring unit 28 to measure the temperature of the first to
nth battery cells B1, B2,..., Bn-1, Bn.
[0070] The voltage measuring unit 26 is electrically
coupled with the control unit 25 to transmit and receive
electrical signals. The voltage measuring unit 26 meas-
ures, under the control of the control unit 25, the voltage
applied between the positive electrode and the negative
electrode of each battery cell B1, B2,..., Bn-1, Bn at a time
interval, and outputs a signal indicating the measured
magnitude of voltage to the control unit 25. The control
unit 25 determines the voltage of each battery cell B1,
B2,..., Bn-1, Bn from the signal outputted from the voltage
measuring unit 26 and stores the determined voltage val-
ue in the storage unit 29.
[0071] The voltage measuring unit 26 includes a volt-
age measuring circuit commonly used in the art, for ex-
ample, a differential amplifier. The circuit configuration
of the voltage measuring unit 26 for measuring the volt-
age of each battery cell B1, B2 ..., Bn-1, Bn is obvious to
those skilled in the art and its detailed description is omit-
ted herein.
[0072] The current measuring unit 27 is electrically
coupled with the control unit 25 to transmit and receive
electrical signals. The current measuring unit 27 itera-
tively measures, under the control of the control unit 25,
the magnitude of charge current or discharge current of
each battery cell B1, B2,..., Bn-1, Bn at a time interval, and
outputs a signal indicating the measured magnitude of
current to the control unit 25. The control unit 25 deter-
mines the magnitude of current from the signal outputted
from the current measuring unit 27 and stores the deter-
mined current value in the storage unit 29.
[0073] The current measuring unit 27 includes a hall
sensor or a sense resistor commonly used in the art. The
hall sensor or sense resistor may be installed on a line
in which an electric current flows, for example, the high
voltage charge line 23. As the battery cells B1, B2,..., Bn-1,
Bn are connected in series, the control unit 25 measures
the charge current or discharge current flowing through
the high voltage charge line 23 using the current meas-
uring unit 27, and may determine the measured current
value as the charge current or discharge current of the
battery cells B1, B2,..., Bn-1, Bn. The circuit configuration
of the current measuring unit 27 for measuring the mag-
nitude of charge current or discharge current of each bat-
tery cell B1, B2,..., Bn-1, Bn is obvious to those skilled in
the art and its detailed description is omitted herein.
[0074] The temperature measuring unit 28 is electri-
cally coupled with the control unit 25 to transmit and re-
ceive electrical signals. The temperature measuring unit
28 iteratively measures the temperature of each battery
cell B1, B2,..., Bn-1, Bn at a time interval and outputs a
signal indicating the measured scale of temperature to
the control unit 25. The control unit 25 determines the
temperature of each battery cell B1, B2,..., Bn-1, Bn from
the signal outputted from the temperature measuring unit
28 and stores the determined temperature value in the
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storage unit 29.
[0075] The temperature measuring unit 28 includes a
thermocouple commonly used in the art. The circuit con-
figuration of the temperature measuring unit 28 for meas-
uring the temperature of each battery cell B1, B2,..., Bn-1,
Bn is obvious to those skilled in the art and its detailed
description is omitted herein.
[0076] Preferably, the control unit 25 may calculate and
monitor the state of charge (SOC) of each of the first to
nth battery cells B1, B2,..., Bn-1, Bn during charging or
discharging thereof.
[0077] In an aspect, the control unit 25 may estimate
the state of charge of each battery cell B1, B2,..., Bn-1, Bn
by integrating the charge current and the discharge cur-
rent of each battery cell B1, B2,..., Bn-1, Bn stored in the
storage unit 29.
[0078] When charging or discharging of each battery
cell B1, B2,..., Bn-1, Bn starts, the initial value of the state
of charge may be determined using the voltage of each
battery cell B1, B2,..., Bn-1, Bn measured before charging
or discharging starts. The voltage measured before
charging or discharging starts corresponds to an open
circuit voltage.
[0079] To this end, the storage unit 29 includes an open
circuit voltage-state of charge lookup table that defines
the state of charge for each open circuit voltage, and the
control unit 25 may map the state of charge correspond-
ing to the open circuit voltage of each battery cell B1,
B2,..., Bn-1, Bn from the lookup table. The mapped state
of charge may be set as an initial value of the state of
charge of each battery cell B1, B2,..., Bn-1, Bn.
[0080] In another aspect, the control unit 25 may cal-
culate the state of charge of each battery cell B1, B2,...,
Bn-1, Bn using the extended Kalman filter. The extended
Kalman filter refers to a mathematical algorithm that
adaptively estimates the state of charge of the battery
cell using the voltage, current and temperature of the
battery cell.
[0081] For the estimation of the state of charge using
the extended Kalman filter, for example, a reference may
be made to Gregory L. Plett’s essay "Extended Kalman
filtering for battery management systems of LiPB-based
HEV battery packs Parts 1, 2 and 3" (Journal of Power
Source 134, 2004, 252-261), the disclosure of which may
be incorporated herein for reference.
[0082] The state of charge of each battery cell B1,
B2,..., Bn-1, Bn may be determined by other known meth-
ods for estimating the state of charge selectively using
the voltage, temperature and current of each battery cell
as well as the current integration method or extended
Kalman filter described above.
[0083] The storage unit 29 may store data associated
with the full charge capacity of each battery cell B1, B2,...,
Bn-1, Bn. The full charge capacity is used to calculate the
state of charge. The full charge capacity may be calcu-
lated by the control unit 25 while charging the high voltage
battery until from a fully discharged state to a fully
charged state, and stored in the storage unit 29. The full

charge capacity may be determined by the current inte-
gration method.
[0084] Alternatively, the full charge capacity may be
determined by other methods known in the technical field
to which the present disclosure belongs. Specifically, the
control unit 25 determines the total amount of current
through the current measuring unit 27 while the state of
charge changes as much as a preset reference percent
(%). Additionally, the control unit 25 may convert the de-
termined total amount of current on the condition that a
change amount of the state of charge is 100%, and de-
termine the converted total amount of current to be the
full charge capacity.
[0085] When the connector unit 30 is connected to the
charging power source unit 31, the control unit 25 starts
charging the high voltage battery 21, and performs the
following described cell balancing together while charg-
ing the high voltage battery 21 until fully charged state.
[0086] FIG. 3 is a detailed flowchart showing a method
for controlling the charge of the high voltage battery by
the control unit 25 according to an embodiment of the
present disclosure.
[0087] As shown in FIG. 3, in S10, the control unit 25
turns on the high voltage charge switch unit 22 installed
on the high voltage charge line 23 when charging starts
(S10). Then, the charge current flows through the first to
nth battery cells B1, B2,..., Bn-1, Bn, and charging of the
first to nth battery cells B1, B2,..., Bn-1, Bn starts.
[0088] The start of charging may be made according
to a charge initiation request signal transmitted from the
charging power source unit 31. To receive the charge
initiation request signal, the connector unit 30 may in-
clude a communication interface (See Item 36 in FIG. 2),
and the control unit 25 may be electrically coupled to
transmit and receive electrical signals through the com-
munication interface 36. Alternatively, the start of charg-
ing may be made when the control unit 25 recognizes
the connection of the connector unit 30 to the charging
power source unit 31.
[0089] In S20, the control unit 25 calculates and mon-
itors the state of charge of the first to nth battery cells B1,
B2,..., Bn-1, Bn during charging of the high voltage battery
21. The state of charge may be calculated using the cur-
rent integration method or the extended Kalman filter.
[0090] To calculate the state of charge, the control unit
25 may control the voltage measuring unit 26, the current
measuring unit 27 and the temperature measuring unit
28 to acquire voltage, current and temperature data of
the first to nth battery cells B1, B2,..., Bn-1, Bn at a regular
time interval and periodically record it in the storage unit
29. Additionally, the control unit 25 may calculate the
state of charge of the first to nth battery cells B1, B2,...,
Bn-1, Bn using the current integration method or extended
Kalman filter using the acquired data and record it in the
storage unit 29.
[0091] In S30, the control unit 25 determines if at least
one of the first to nth battery cells B1, B2,..., Bn-1, Bn
reached its fully charged state (100%) by referring to the
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state of charge of the first to nth battery cells B1, B2,...,
Bn-1, Bn, during charging of the first to nth battery cells
B1, B2,..., Bn-1, Bn.
[0092] When the determination result in S30 is YES,
in S40, the control unit 25 turns off the high voltage charge
switch unit 22 to temporarily stop charging. In contrast,
when the determination result in S30 is NO, the control
unit 25 moves to S50 to continuously maintain charging
of the high voltage battery 21.
[0093] When charging is temporarily stopped in S40,
in S60, the control unit 25 compares the state of charge
of the first to nth battery cells B1, B2,..., Bn-1, Bn, and
determines a battery cell with lowest state of charge as
a target for supplemental charging and the remaining bat-
tery cells to be a target for forced discharging.
[0094] In the example shown in FIG. 2, if it is assumed
that the state of charge of the first battery cell B1, the
second battery cell B2, the n-1th battery cell Bn-1 and the
nth battery cell Bn is 100%, 90%, 80% and 100% respec-
tively, the n-1th battery cell Bn-1 may be determined to be
a target for supplemental charging, and the first battery
cell B1, the second battery cell B2 and the nth battery cell
Bn may be determined to be a target for forced discharg-
ing.
[0095] Subsequently, in S70, the control unit 25 oper-
ates the discharge circuit connected to the battery cell
determined to be a target for forced discharging to forc-
edly discharge the corresponding battery cell. For the
operation of the discharge circuit, the control unit 25 turns
on the discharge switch included in the discharge circuit.
[0096] At the same time, in S80, the control unit 25
operates the supplemental charge switch circuit connect-
ed to the battery cell determined to be a target for sup-
plemental charging to connect the corresponding battery
cell to the supplemental charge line 24 to perform sup-
plemental charging. For the operation of the supplemen-
tal charge switch circuit, the control unit 25 turns on the
charge switch included in the supplemental charge
switch circuit.
[0097] In S70 and S80, when forced discharging and
supplemental charging are simultaneously performed,
the state of charge of the battery cells being forcedly dis-
charged reduces, and the state of charge of the battery
cell being supplementally charged increases.
[0098] After S70 and S80, in S90, the control unit 25
counts the time and determines if a predetermine time
of period elapsed. When the determination result in S90
is YES, the control unit 25 performs the next process,
and when the determination result in S90 is NO, the con-
trol unit 25 holds the process. Here, the predetermined
period of time may correspond to a cycle during which
the control unit 25 iteratively calculates the state of
charge, and may be set to a few or a few tens of msec.
[0099] When it is determined to be YES in S90, in S100,
the control unit 25 acquires voltage, current and temper-
ature data of the first to nth battery cells B1, B2,..., Bn-1,
Bn through the voltage measuring unit 26, the current
measuring unit 27 and the temperature measuring unit

28, records it in the storage unit 29, and calculates and
monitors the state of charge of the first to nth battery cells
B1, B2,..., Bn-1, Bn using the current integration method,
the extended Kalman filter, etc.
[0100] Subsequently, in S110, the control unit 25 de-
termines if any of the battery cells being forcedly dis-
charged has the same state of charge as the battery cell
being supplementally charged.
[0101] When it is determined to be YES in S110, the
control unit 25 moves the process to S120. On the con-
trary, when it is determined to be NO in S110, the control
unit 25 moves the process to S90 to continuously perform
forced discharging and supplemental charging.
[0102] When it is determined to be YES in S110, in
S120, the control unit 25 determines if the number of
battery cells with the same state of charge is equal to or
larger than a reference number. In the present step, the
number of battery cells with the same state of charge is
2. One is a battery cell initially determined to be a target
for supplemental charging, and the other is a battery cell
with the state of charge that became equal to the sup-
plementally charged battery cell during forced discharg-
ing. The reference number is selected within the range
of 2 to n-1, taking the performance of the transformer 35
into account. Here, n is the total number of battery cells.
Preferably, the reference number may be fixed, and, may
be set to increase with the increasing number of battery
cells determined to be a target for supplemental charging
in S60. For example, the reference number may be set
to be larger at least by 1 than the number of target battery
cells for supplemental charging. When the reference
number is variable, the reference number may gradually
increase during cell balancing. The reference number
may be changed by the control unit 250.
[0103] When the determination result in S120 is NO,
in S140, the control unit 25 calculates the state of charge
of all the battery cells and moves the process to S60. In
contrast, when the determination result in S120 is YES,
S130 is performed. In S140, the calculation of the state
of charge may be performed by use of the above-de-
scribed method. Meanwhile, when the time during which
S110 and S120 are performed is shorter than a cycle
during which the state of charge is iteratively calculated,
the state of charge of all the battery cells calculated in
S140 may be set as the state of charge of all the battery
cells calculated in S100.
[0104] In S120, when the reference number is 2, the
control unit 25 moves the process to S130 immediately
when the state of charge of the target battery cell for
supplemental charging and the state of charge of any
one of the target battery cells for forced discharging are
equal to each other.
[0105] After S140, in S60, the control unit 25 deter-
mines a target for forced discharging and a target for
supplemental charging again. Accordingly, in S60, a bat-
tery cell with the state of charge that became equal to
that of the battery cell being supplementally charged
among the battery cells being forcedly discharged is ad-
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ditionally designated as a target for supplemental charg-
ing. In this case, the reference number may be increased
to 3. This reference number is larger by 1 than the number
of target battery cells (two) for supplemental charging.
[0106] In the case of the example shown in FIG. 2, in
S70 and S80, the n-1th battery cell Bn-1 is supplementally
charged, and the first battery cell B1, the second battery
cell B2 and the nth battery cell Bn are forcedly discharged.
In this instance, the state of charge of the second battery
cell B2 becomes equal to the state of charge of the n-1th

battery cell Bn-1 supplementally charged first. According-
ly, when S60 is performed again, the second battery cell
B2 and the n-1th battery cell Bn-1 are determined to be a
target for supplemental charging, and the first battery cell
B1 and the nth battery cell Bn is determined to be a target
for forced discharging.
[0107] Subsequently, the control unit 25 performs
forced discharging and supplemental charging substan-
tially in the same way as described above (S70, S80).
Additionally, the control unit 25 calculates and monitors
the state of charge of all the battery cells at a regular time
interval (S100). Additionally, the control unit 25 deter-
mines if any of the target battery cells for forced discharg-
ing has the same state of charge as the target battery
cell(s) for supplemental charging (S110). Additionally,
the control unit 25 determines if the number of battery
cells with the same state of charge is equal to or larger
than the reference number (S120). When the determina-
tion result in S120 is NO, the process moves to S60.
Accordingly, the above-described steps are iteratively
performed until the number of battery cells with the same
state of charge reaches the reference number during
forced discharging and supplemental charging. The ref-
erence number may be fixed to one value, or may be
changed to a value obtained by adding 1 to the number
of target battery cells for supplemental charging deter-
mined in S60.
[0108] Meanwhile, when the determination result in
S120 is YES, in S130, the control unit 25 determines if
the state of charge of all the battery cells is 100%.
[0109] When the determination result in S130 is YES,
the control unit 25 determines that the high voltage bat-
tery reached its fully charged state and terminates the
charging process. In contrast, when the determination
result in S130 is NO, the control unit 25 moves the proc-
ess to S10 to turn on the high voltage charge switch unit
22 to start charging all the battery cells again. Accord-
ingly, when one of the battery cells reached its fully
charged state, cell balancing including forced discharg-
ing and supplemental charging together according to the
present disclosure is performed again.
[0110] According to the present disclosure, as time
goes by, the number of target battery cells for supple-
mental charging increases, while the number of target
battery cells for forced discharging reduces. Eventually,
the state of charge of all the battery cells reaches 100%.
[0111] Additionally, as forced discharging and supple-
mental charging are simultaneously performed while cell

balancing is performed, cell balancing is performed with
the state of charge of all the battery cells increasing on
the average. Accordingly, it is possible to reduce an
amount of energy consumed through forced discharging
during cell balancing, and reduce the time taken to fully
charge the battery cells.
[0112] As a specific example, assume a situation in
which when charging four battery cells, the state of
charge of the battery cells is 100%, 90%, 80% and 85%
at a specific point in time.
[0113] In this case, the conventional cell balancing
method forcedly discharges all the cells with 100%, 90%
and 85% state of charge to adjust the state of charge of
all the battery cells to 80%. Accordingly, this process in-
volves energy consumption corresponding to 35% total
change amount of the state of charge. The consumed
energy is converted to heat by the discharge circuit. Ad-
ditionally, as the state of charge of all the battery cells
reduces to 80%, a difference from the full charge capacity
increases on the average and the time taken to fully
charge the battery cells increases as much.
[0114] In contrast, according to an embodiment of the
present disclosure, a battery cell with 80% state of charge
is supplementally charged, and battery cells with 100%,
90% and 85% state of charge are forcedly discharged.
Additionally, when a battery cell with the same state of
charge as the state of charge of the battery cell being
supplementally charged appears, forced discharging is
stopped and supplemental charging is performed on the
corresponding battery cell. Additionally, as time goes by,
a battery cell with the same state of charge as the battery
cells being supplementally charged appears again,
forced discharging is stopped and supplemental charg-
ing is performed on the corresponding battery cell. When
the number of battery cells with the equalized state of
charge reaches the reference number through this proc-
ess, forced discharging and supplemental charging are
stopped and charging of all the battery cells starts again.
This process is iteratively performed each time any bat-
tery cell reaches a fully charged state during charging,
and as a result, the state of charge of all the battery cells
reaches 100%.
[0115] In the present disclosure, the control unit 25
may optionally include processors, application-specific
integrated circuits (ASICs), chipsets, logic circuits, reg-
isters, communication modems and data processing de-
vices known in the art to execute the above-described
various control logics. Additionally, when the control logic
is implemented in software, the control unit 25 may be
implemented as an assembly of program modules. In this
instance, the program module may be stored in the mem-
ory, and executed by the processor. The memory may
be inside or outside of the processor, and may be con-
nected to the processor with a variety of well-known com-
puter components. Additionally, the memory may be in-
cluded in the storage unit 29 of the present disclosure.
Additionally, the memory refers collectively to devices in
which information is stored irrespective of the type of the
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device and does not refer to a particular memory device.
[0116] Additionally, at least one of the various control
logics of the control unit 25 may be combined, and the
combined control logics may be written in computer-read-
able code system and recorded in computer-readable
recording medium. The recording medium is not limited
to a particular type as long as it can be accessed by a
processor included in a computer. For example, the re-
cording medium includes at least one selected from the
group consisting of ROM, RAM, register, CD-ROM, mag-
netic tape, hard disk, floppy disk and optical data record-
ing device. Additionally, the code system may be stored
and executed on computers connected via a network in
distributed manner. Further, functional programs, codes
and code segments for implementing the combined con-
trol logics may be readily inferred by programmers in the
technical field to which the present disclosure belongs.
[0117] The above-described charge control apparatus
according to the present disclosure may be included in
a battery management system. The battery management
system controls the entire operation related to the charge
and discharge of the battery, and is a computing system
called as a Battery Management System (BMS) in the art.
[0118] Additionally, the charge control apparatus ac-
cording to the present disclosure may be included in a
battery pack. The battery pack includes a plurality of bat-
tery cells at least connected in series, a housing in which
the battery cells are received therein, and a frame in
which the charge control apparatus is installed. The state
of charge of the plurality of battery cells included in the
battery pack may be effectively balanced by the charge
control apparatus according to the present disclosure
during charging the battery cell until fully charged state.
[0119] In describing various embodiments of the
present disclosure, it should be understood that the com-
ponents designated by ’∼ unit’ are elements which are
classified functionally rather than physically. Accordingly,
each component may be selectively combined with other
component, or may be divided into subcomponents for
efficient execution of control logic(s). However, it is ob-
vious to those skilled in the art that even though the com-
ponents are combined or divided, if the sameness of func-
tions is acknowledged, the combined or divided compo-
nents should be construed as being in the scope of the
present disclosure.
[0120] While the present disclosure has been herein-
above described with regard to a limited number of em-
bodiments and drawings, the present disclosure is not
limited thereto and it should be understood that various
modifications and changes may be made by those skilled
in the art within the technical aspects of the invention and
the equivalent scope of the appended claims.

INDUSTRIAL APPLICABILITY

[0121] According to the present disclosure, as time
goes by, the number of target battery cells for supple-
mental charging increases, while the number of target

battery cells for forced discharging reduces. Eventually,
the state of charge of all the battery cells reaches 100%.
Additionally, as forced discharging and supplemental
charging are simultaneously performed while cell balanc-
ing is performed, cell balancing is performed with the
state of charge of all the battery cells increasing on the
average. Accordingly, it is possible to reduce an amount
of energy consumed through forced discharging during
cell balancing, and reduce the time taken to fully charge
the battery cells.

Claims

1. A charge control apparatus for controlling charging
of a high voltage battery including first to nth battery
cells connected in series, the charge control appa-
ratus comprising:

first to nth discharge circuits connected respec-
tively to the first to nth battery cells;
a high voltage charge line through which high
voltage charging power is applied to the first bat-
tery cell and the nth battery cell, the high voltage
charge line including a high voltage charge
switch unit;
a supplemental charge line through which low
voltage charging power is applied;
first to nth supplemental charge switch circuits
connected respectively to the first to nth battery
cells to selectively connect the supplemental
charge line to at least one of the first to nth battery
cells; and
a control unit electrically coupled with the high
voltage charge switch unit, the first to nth dis-
charge circuits, and the first to nth supplemental
charge switch circuits,
wherein the control unit is configured to:

(a) calculate a state of charge of the first to
nth battery cells,
(b) turn off the high voltage charge switch
unit when at least one of the first to nth bat-
tery cells reaches a fully charged state dur-
ing charging of the first to nth battery cells,
(c) determine at least one of the first to nth

battery cells with lowest state of charge to
be a target for supplemental charging and
the remaining battery cells to be a target for
forced discharging,
(d) operate the discharge circuit connected
to each battery cell determined to be the
target for forced discharging to forcedly dis-
charge the corresponding battery cell, and
at the same time, operate the supplemental
charge switch circuit connected to the bat-
tery cell determined to be the target for sup-
plemental charging to connect the corre-
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sponding battery cell to the supplemental
charge line to supplementally charge the
battery cell, and
(e) when among the battery cells being forc-
edly discharged, any battery cell with the
same state of charge as the battery cell be-
ing supplementally charged appears, stop
the operation of the discharge circuit con-
nected to the corresponding battery cell and
operate the supplemental charge switch cir-
cuit connected to the corresponding battery
cell.

2. The charge control apparatus according to claim 1,
wherein each of the first to nth discharge circuits in-
cludes a discharge switch and a discharge resistor,
and
each of the first to nth supplemental charge switch
circuits includes a charge switch.

3. The charge control apparatus according to claim 1,
wherein the control unit is configured to, (f) when the
number of battery cells with the same state of charge
is equal to or larger than a reference number during
forced discharging and supplemental charging, stop
the operation of all the discharge circuits and all the
supplemental charge switch circuits, and turn on the
high voltage charge switch unit.

4. The charge control apparatus according to claim 3,
wherein the control unit is configured to iteratively
execute the control logic of (a) to (f) until the state of
charge of the first to nth battery cells reaches a fully
charged state.

5. The charge control apparatus according to claim 3,
wherein the control unit is configured to increase the
reference number with the increasing number of bat-
tery cells to be supplementally charged.

6. The charge control apparatus according to claim 1,
further comprising:

a voltage measuring unit to measure voltage of
the first to nth battery cells;
a current measuring unit to measure the mag-
nitude of a charge current or discharge current
of the first to nth battery cells; and
a temperature measuring unit to measure tem-
perature of the first to nth battery cells,
wherein the control unit is configured to calculate
and monitor the state of charge of each battery
cell using the measured voltage values, the
measured current values and the measured
temperature values of the first to nth battery cells.

7. The charge control apparatus according to claim 1,
further comprising:

a connector unit coupled with a charging power
source unit, and to which the high voltage charge
line and the supplemental charge line are con-
nected, and
the supplemental charge line includes a trans-
former to decrease a charging voltage applied
through the connector unit.

8. The charge control apparatus according to claim 7,
wherein the connector unit includes an input terminal
to which a high voltage charging cable extending
from the charging power source unit is connected, a
first output terminal to which the high voltage charge
line is connected, and a second output terminal to
which the supplemental charge line is connected.

9. A battery management system comprising the
charge control apparatus according to claim 1.

10. A battery pack comprising the charge control appa-
ratus according to claim 1.

11. A charge control method for controlling charging of
a high voltage battery including first to nth battery
cells connected in series, the charge control method
comprising:

a first step of charging the high voltage battery
by applying high voltage charging power to the
first battery cell and the nth battery cell;
a second step of calculating and monitoring a
state of charge of the first to nth battery cells;
a third step of stopping the application of the
high voltage charging power when at least one
of the first to nth battery cells reaches a fully
charged state during charging of the first to nth

battery cells;
a fourth step of determining at least one of the
first to nth battery cells with lowest state of charge
to be a target for supplemental charging and the
remaining battery cells to be a target for forced
discharging;
a fifth step of operating a discharge circuit con-
nected to each battery cell determined to be the
target for forced discharging to forcedly dis-
charge the corresponding battery cell, and at the
same time, operating a supplemental charge
switch circuit connected to each battery cell de-
termined to be the target for supplemental
charging to connect the corresponding battery
cell to a supplemental charge line to supplemen-
tally charge the battery cell;
a sixth step of identifying a battery cell with the
same state of charge as the battery cell being
supplementally charged among the battery cells
being forcedly discharged; and
a seventh step of stopping the operation of the
discharge circuit connected to the identified bat-
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tery cell and operating the supplemental charge
switch circuit connected to the corresponding
battery cell.

12. The charge control method according to claim 11,
further comprising:

an eighth step of stopping the operation of all
the discharge circuits and all the supplemental
charge switch circuits when the number of bat-
tery cells with the same state of charge is equal
to or larger than a reference number while forced
discharging and supplemental charging are si-
multaneously performed; and
a ninth step of applying the high voltage charging
power again.

13. The charge control method according to claim 12,
wherein comprises iteratively performing the first to
ninth steps until the state of charge of the first to nth

battery cells reaches a fully charged state.

14. The charge control method according to claim 12,
further comprising:
increasing the reference number with the increasing
number of battery cells to be supplementally
charged.
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