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METHOD FOR CONTROLLING BATTERY
POWER LIMIT VALUE

TECHNICAL FIELD

[0001] The present invention relates to a method for
controlling a battery power limit.

[0002] More specifically, the present invention relates to a
method for controlling a battery power limit on the basis of
a current cell voltage.

BACKGROUND ART

[0003] In general, battery modules having at least one
battery cell are electrically configured in series/parallel to
each other, and a battery pack including at least one battery
module has a rack battery management system (RBMS) for
monitoring and controlling a state of the battery pack.
Furthermore, each battery module has a module battery
management system (MEMS) for controlling the battery
module.

[0004] Meanwhile, in a battery pack, battery modules may
be connected in series to output high power, or battery
modules may be connected in parallel to increase an energy
capacity or use time.

[0005] With regard to the battery modules connected in
series or parallel, a maximum output limit of the battery
pack is set according to an SOC and temperature of the
battery modules.

[0006] Setting the maximum output limit of a battery pack
by measuring a temperature of the battery pack is conven-
tionally performed by setting the maximum output limit of
the battery pack simply on the basis of a temperature or by
setting the maximum output limit of the battery pack simply
through a voltage of the battery pack.

[0007] According to the conventional technique of calcu-
lating the maximum output value of a battery pack simply on
the basis of a battery temperature or a voltage of the battery
pack, the maximum output value is calculated using a table
including a temperature or battery pack voltage and a battery
pack output limit.

[0008] In other words, in order to reset the battery pack
output limit, an additional table indicating a relationship
between a temperature or voltage and a battery pack output
limit should be stored.

[0009] To solve this problem, the present invention pro-
poses a method in which only a maximum voltage and
minimum voltage are checked in real time in battery mod-
ules connected in series or parallel and the maximum output
limit of an entire battery pack is set on the basis of the
maximum voltage and the minimum voltage without using
the additional table including a temperature or voltage and
a battery pack output limit. (Prior Art Document) Korean
Patent Application Laid-open Publication No. 2010-
0073973 A

DISCLOSURE OF THE INVENTION

Technical Problem

[0010] The present invention provided a method for set-
ting a maximum output limit of a battery pack in real time.
[0011] Furthermore, the present invention provided a
method for setting a maximum output limit of a battery pack
without an additional pre-stored table of a maximum output
limit according to a temperature and SOC.
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Technical Solution

[0012] A method for setting a charging power limit of a
battery when charging the battery having a plurality of
battery cells, according to an embodiment of the present
invention, includes: a reference charging power limit setting
step in which a referential predetermined charging power
limit is set; a real-time charging power limit setting step in
which a real-time charging power limit is calculated in real
time according to a current voltage of the battery to set a
real-time charging power limit of the battery; and a charging
power limit restoring step in which the real-time charging
power limit set in the real-time charging power limit setting
step is restored to the referential predetermined charging
power limit.

[0013] The real-time charging power limit setting step
may include: (a-1) a step of measuring a voltage of each of
the plurality of battery cells; (b-1) a step of determining
whether the voltage of a battery cell having a highest voltage
among voltages of the plurality of battery cells measured in
step (a-1) exceeds a preset maximum allowable voltage;
(c-1) a step of measuring a period during which the voltage
of the battery cell having the highest voltage exceeds the
preset maximum allowable voltage; and (d-1) a step of
setting the real-time charging power limit to a value obtained
by reducing the referential battery charging power limit by
a predetermined ratio when the period during which the
voltage of the battery cell having the highest voltage exceeds
the preset maximum allowable voltage is equal to or longer
than a predetermined period in step (c-1), wherein steps
(a-1) to (d-1) may be repeatedly performed, and the number
of times step (d-1) is performed may be counted to generate
a counted value.

[0014] In step (d-1), the predetermined ratio by which the
referential battery charging power limit is reduced may vary
according to the counted value, wherein the counted value
may be limited to a predetermined value, and when the
counted value reaches the predetermined value, charging of
the battery may be stopped.

[0015] The counted value may increase by 1 every time
step (d-1) is performed once, and may decrease by 1 when
the battery which is in a charging state switches to a
discharging state.

[0016] In the charging power limit restoring step, the
battery charging power limit may be restored to the refer-
ential predetermined charging power limit in any one case
among: a case where the counted value is 0: a case where a
current does not flow in the battery for at least a predeter-
mined time; and a case where an SOC value of the battery
reaches a predetermined reference SOC value.

[0017] A method for setting a discharging power limit of
a battery when discharging the battery having a plurality of
battery cells, according to an embodiment of the present
invention, includes: a reference discharging power limit
setting step in which a referential predetermined discharging
power limit is set; a real-time discharging power limit setting
step in which a real-time discharging power limit is calcu-
lated in real time according to a current voltage of the battery
to set a real-time discharging power limit of the battery; and
a discharging power limit restoring step in which the real-
time discharging power limit set in the real-time discharging
power limit setting step is restored to the referential prede-
termined discharging power limit.

[0018] The real-time discharging power limit setting step
may include: (a-2) a step of measuring a voltage of each of
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the plurality of battery cells; (b-2) a step of determining
whether the voltage of a battery cell having a lowest voltage
among voltages of the plurality of battery cells measured in
step (a-2) is less than a preset minimum allowable voltage;
(c-2) a step of measuring a period during which the voltage
of the battery cell having the lowest voltage is maintained
less than the preset minimum allowable voltage; and (d-2) a
step of reducing the referential predetermined battery dis-
charging power limit by a predetermined ratio to calculate
the real-time discharging power limit when the period dur-
ing which the voltage of the battery cell having the lowest
voltage is maintained less than the preset minimum allow-
able voltage is equal to or longer than a predetermined
period, wherein steps (a-2) to (d-2) may be repeatedly
performed, and the number of times step (d-2) is performed
may be counted to generate a counted value.

[0019] In step (d-2). the predetermined ratio by which the
referential battery charging power limit is reduced may vary
according to the counted value, wherein the counted value
may be limited to a predetermined value, and when the
counted value reaches the predetermined value, discharging
of the battery may be stopped.

[0020] The counted value may increase by 1 every time
step (d-2) is performed once, and may decrease by 1 when
the battery which is in a discharging state switches to a
charging state.

[0021] In the charging power limit restoring step, the
battery discharging power limit may be restored to the
referential predetermined discharging power limit in any one
case among: a case where the counted value is O; a case
where a current does not flow in the battery for at least a
predetermined time; and a case where an SOC value of the
battery reaches a predetermined reference SOC value.

Advantageous Effects

[0022] According to the present invention, a maximum
output limit of a battery pack may be set in real time.

[0023] Furthermore, a maximum output limit of a battery
pack may be set without an additional pre-stored table of a
maximum output limit according to a temperature and SOC.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a flowchart illustrating a method for
setting a battery charging power limit at the time of charging
according to an embodiment of the present invention.
[0025] FIG. 2 is a detailed flowchart illustrating a real-
time charging power limit setting step of the method for
setting a battery charging power limit at the time of charging
according to an embodiment of the present invention.
[0026] FIG. 3 is a flowchart illustrating a method for
setting a battery discharging power limit at the time of
discharging according to an embodiment of the present
invention.

[0027] FIG. 4 is a detailed flowchart illustrating a real-
time charging power limit setting step of the method for
setting a battery discharging power limit at the time of
discharging according to an embodiment of the present
invention.

[0028] FIG. 5 is a graph illustrating that a voltage of a
battery cell is restored by setting a battery discharging power
limit at the time of discharging according to an embodiment
of the present invention.
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MODE FOR CARRYING OUT THE INVENTION

[0029] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings so that those skilled in the art can easily
carry out the present invention. However, the present inven-
tion may be implemented in various different forms and is
not limited to the embodiments described herein. Some parts
of'the embodiments, which are not related to the description,
are not illustrated in the drawings in order to clearly describe
the embodiments of the present invention. Like reference
numerals refer to like elements throughout the description.
[0030] The term “first”, “second” or the like may be used
for describing various elements but does not limit the
elements. Such terms are only used for distinguishing one
element from other elements. For example, without depart-
ing the scope of the present invention, a first element may be
referred to as a second element, and likewise, a second
element may be referred to as a first element. The terminol-
ogy used herein is not for delimiting the present invention
but for describing specific embodiments. The terms of a
singular form may include plural forms unless otherwise
specified.

[0031] In the entire description, when one part is referred
to as being “connected” to another part, the former may be
“directly connected” to the latter or “electrically connected”
thereto via an intervening other part. When it is mentioned
that a certain part “includes” or “comprises” certain ele-
ments, the part may further include other elements, unless
otherwise specified. The term “step (ing) . . . ” or “step of .
.. 7 used herein does not represent “step for . . . ”

[0032] The terms used herein have been selected from
among general terms that are widely used at the present time
in consideration of the functions of the present invention, but
may be changed depending on intentions of those skilled in
the art, judicial precedents, or the advent of new technology.
Furthermore, specific terms have been arbitrarily selected by
the applicant, and the meanings of such terms will be
described in detail in relevant sections of the description.
Therefore, it should be understood that the terms used herein
should not be simply defined literally but should be defined
on the basis of the meanings of the terms and the overall
contents of the present disclosure.

[0033] 1. Method for Setting a Battery Power Limit at the
Time of Charging According to an Embodiment of the
Present Invention

[0034] FIG. 1 is a flowchart illustrating the method for
setting a battery charging power limit at the time of charging
according to an embodiment of the present invention.
[0035] FIG. 2 is a detailed flowchart illustrating a real-
time charging power limit setting step of the method for
setting a battery charging power limit at the time of charging
according to an embodiment of the present invention.
[0036] The method for setting a battery power limit at the
time of charging according to an embodiment of the present
invention will be described with reference to FIGS. 1 and 2.
[0037] The method for setting a battery power limit at the
time of charging according to an embodiment of the present
invention may include a reference charging power limit
setting step in which a referential predetermined charging
power limit is set (S110), a real-time charging power limit
setting step in which a real-time charging power limit is
calculated in real time according to a current voltage of a
battery to set a real-time charging power limit of the battery
(S120), and a charging power limit restoring step in which
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the real-time charging power limit set in the real-time
charging power limit setting step is restored to the referential
predetermined charging power limit (S130).

[0038] In detail, the battery may include a plurality of
battery cells, and the reference charging power limit setting
step may be set to a predetermined value according to
specifications of each of the plurality of battery cells
included in the battery and entire battery specifications when
designing the battery.

[0039] Meanwhile, the real-time charging power limit
setting step (S120) may include (a-1) a step of measuring a
voltage of each of the plurality of battery cells (S121), (b-1)
a step of determining whether the voltage of a battery cell
having a highest voltage exceeds a preset maximum allow-
able voltage (S122), (c-1) a step of measuring a time during
which the voltage of the battery cell having the highest
voltage exceeds the preset maximum allowable voltage
(8123), (d-1) a step of setting the real-time charging power
limit to a value obtained by reducing the referential battery
charging power limit by a predetermined ratio when a period
during which the voltage of the battery cell having the
highest voltage exceeds the preset maximum allowable
voltage is equal to or longer than a predetermined period in
step (c-1) (S124).

[0040] Meanwhile, in the real-time charging power limit
setting step (S120), steps (a-1) to (d-1) may be repeatedly
performed.

[0041] Meanwhile, the period during which the voltage of
the battery cell having the highest voltage exceeds the preset
maximum allowable voltage may be measured from a point
of time at which the voltage of the battery cell initially
exceeds the preset maximum allowable voltage.

[0042] Hereinafter, the real-time charging power limit
setting step will be described with a specific embodiment.
Step (b-1) may be a step of determining whether the voltage
of the battery cell having the highest voltage, among the
plurality of battery cells, exceeds 4.2 V. In step (c-1), when
there is a battery cell having a voltage which exceeds 4.2 V
in step (b-1), a period during which the voltage of the battery
cell exceeds 4.2 V may be measured. Meanwhile, in step
(d-1), when the period during which the voltage of the
battery cell exceeds 4.2 V is at least 5 seconds, the battery
charging power limit may be reset.

[0043] Meanwhile, in the real-time charging power limit
setting step, the number of times step (d-1) is performed is
counted by a counting module to generate a counted value.
[0044] Meanwhile, in step (d-1), the predetermined ratio
by which the referential battery charging power limit is
reduced varies according to the counted value, wherein the
counted value is limited to a predetermined value, and when
the counted value reaches the predetermined value, charging
of the battery may be stopped.

[0045] In detail, the predetermined ratio according to the
counted value may be calculated using the following equa-
tion.

Scounted value

Predetermined ratio=0.

[0046] Furthermore, the predetermined value to which the
counted value is limited may be 10.

[0047] In other words, when the counted value is limited
to 10, the predetermined ratio is 0.810 according to the
above equation, and may be about Yo of the reference
charging power limit of a battery pack.
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[0048] Meanwhile, the counted value may increase by 1
every time step (d-1) is performed once, and may decrease
by 1 every time the battery which is in a charging state
switches to a discharging state.

[0049] Meanwhile, in the charging power limit restoring
step, the battery charging power limit may be restored to the
referential predetermined charging power limit in any one
case among a case where the counted value is 0, a case
where a current does not flow in the battery for at least a
predetermined time, and a case where an SOC value of the
battery reaches a predetermined reference SOC value.
[0050] On the basis of the above description, the method
for setting a battery charging power limit at the time of
charging according to an embodiment of the present inven-
tion may easily calculate the charging power limit of the
battery pack without an additional table in which a tempera-
ture or voltage and a charging power limit are set.

[0051] That is, without storing an additional table in which
a temperature or voltage and a charging power limit are set,
the charging power limit of the battery pack may be set.
Furthermore, without directly measuring a temperature of
the battery pack, the charging power limit of the battery pack
may be calculated.

[0052] 2. Method for Setting a Battery Discharging Power
Limit at the Time of Discharging According to an Embodi-
ment of the Present Invention

[0053] FIG. 3 is a flowchart illustrating the method for
setting a battery discharging power limit at the time of
discharging according to an embodiment of the present
invention.

[0054] FIG. 4 is a detailed flowchart illustrating a real-
time charging power limit setting step of the method for
setting a battery discharging power limit at the time of
discharging according to an embodiment of the present
invention.

[0055] The method for setting a battery discharging power
limit at the time of discharging according to an embodiment
of the present invention will be described with reference to
FIGS. 3 and 4.

[0056] The method for setting a battery discharging power
limit at the time of discharging according to an embodiment
of the present invention may include a reference discharging
power limit setting step in which a referential predetermined
discharging power limit is set (S210), a real-time discharg-
ing power limit setting step in which a real-time discharging
power limit is calculated in real time according to a current
voltage of a battery to set a real-time discharging power limit
of the battery (S220), and a discharging power limit restor-
ing step in which the real-time discharging power limit set
in the real-time discharging power limit setting step is
restored to the referential predetermined discharging power
limit (S230).

[0057] In detail, the battery may include a plurality of
battery cells, and the reference discharging power limit
setting step may be set to a predetermined value according
to specifications of each of the plurality of battery cells
included in a battery pack and entire battery pack specifi-
cations when designing the battery pack.

[0058] Meanwhile, the real-time discharging power limit
setting step (S220) may include (a-2) a step of measuring a
voltage of each of the plurality of battery cells (S221), (b-2)
a step of determining whether the voltage of a battery cell
having a lowest voltage, among the plurality of battery cells,
is less than a preset minimum allowable voltage (S222),
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(c-2) a step of measuring a time during which the voltage of
the battery cell having the lowest voltage is less than the
preset minimum allowable voltage (S223), (d-2) a step of
reducing the referential battery discharging power limit by a
prescribed ratio to calculate the real-time discharging power
limit when a period during which the voltage of the battery
cell having the lowest voltage is less than the preset mini-
mum allowable voltage is equal to or longer than a prede-
termined period in step (c-2) (S224).

[0059] Meanwhile, in the real-time discharging power
limit setting step (S220), steps (a-2) to (d-2) may be repeat-
edly performed.

[0060] Meanwhile, the period during which the voltage of
the battery cell having the lowest voltage is less than the
preset minimum allowable voltage may be measured from a
point of time at which the voltage of the battery cell is
initially less than the preset minimum allowable voltage.
[0061] Hereinafter, the real-time discharging power limit
setting step will be described with a specific embodiment.
Step (b-2) may be a step of determining whether the voltage
of the battery cell having the lowest voltage, among the
plurality of battery cells, is less than 3.0 V. In step (c-2),
when there is a battery cell having a voltage which is less
than 3.0 V in step (b-2), a time during which the voltage of
the battery cell is less than 3.0 V may be measured. Mean-
while, in step (d-2), when the time during which the voltage
of the battery cell is less than 3.0 V is at least 5 seconds, the
battery discharging power limit may be reset.

[0062] Meanwhile, in the real-time discharging power
limit setting step, the number of times step (d-2) is per-
formed is counted by a counting module to generate a
counted value.

[0063] Meanwhile, in step (d-2), the predetermined ratio
by which the referential battery discharging power limit is
reduced varies according to the counted value, wherein the
counted value is limited to a predetermined value, and when
the counted value reaches a predetermined value, discharg-
ing of the battery may be stopped.

[0064] In detail, the predetermined ratio according to the
counted value may be calculated using the following equa-
tion.

Predetermined ratio=0,8¢oed value

[0065] Furthermore, the predetermined value to which the
counted value is limited may be 10.

[0066] In other words, when the counted value is limited
to 10, the predetermined ratio is 0.810 according to the
above equation, and may be about Yo of the reference
discharging power limit of a battery pack.

[0067] Meanwhile, the counted value may increase by 1
every time step (c-2) is performed once, and may decrease
by 1 every time the battery which is in a discharging state
switches to a charging state.

[0068] Meanwhile, in the discharging power limit restor-
ing step, the battery discharging power limit may be restored
to the referential predetermined discharging power limit in
any one case among a case where the counted value is 0, a
case where a current does not flow in the battery for at least
a predetermined time, and a case where an SOC value of the
battery reaches a predetermined reference SOC value.
[0069] On the basis of the above description, the method
for setting a battery discharging power limit at the time of
discharging according to an embodiment of the present
invention may easily calculate the discharging power limit
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of the battery pack without an additional table in which a
temperature or voltage and a discharging power limit are set.
[0070] That is, without storing an additional table in which
a temperature or voltage and a discharging power limit are
set, the discharging power limit of the battery pack may be
set. Furthermore, without directly measuring a temperature
of the battery pack, the discharging power limit of the
battery pack may be calculated.

[0071] Furthermore, referring to FIG. 5, when the dis-
charging power limit of the battery is reduced, a cell voltage
is restored, and thus the use time of the battery may increase.
[0072] Although the method for controlling battery power
limit has been described with reference to the specific
embodiments, it is not limited thereto. Therefore, it will be
readily understood by those skilled in the art that various
modifications and changes can be made thereto without
departing from the spirit and scope of the present invention
defined by the appended claims.

1. A method for setting a charging power limit of a battery
when charging the battery, wherein the battery includes a
plurality of battery cells, the method comprising:

a reference charging power limit setting step of setting a

referential predetermined charging power limit;

a real-time charging power limit setting step of calculat-
ing a real-time charging power limit in real-time
according to a real-time voltage of the battery and
setting a real-time charging power limit of the battery;
and

a charging power limit restoring step of restoring the
real-time charging power limit set in the real-time
charging power limit setting step to the referential
predetermined charging power limit.

2. The method of claim 1, wherein the real-time charging

power limit setting step comprises:

(a-1) a step of measuring a voltage of each of the plurality
of battery cells;

(b-1) a step of determining whether the voltage of a
battery cell having a highest voltage among voltages of
the plurality of battery cells measured in step (a-1)
exceeds a preset maximum allowable voltage;

(c-1) a step of measuring a period during which the
voltage of the battery cell having the highest voltage
exceeds the preset maximum allowable voltage; and

(d-1) a step of setting the real-time charging power limit
to a value obtained by reducing the referential prede-
termined charging power limit by a predetermined ratio
when the period during which the voltage of the battery
cell having the highest voltage exceeds the preset
maximum allowable voltage is equal to or longer than
a predetermined period in step (c-1),

wherein steps (a-1) to (d-1) are repeatedly performed, and

wherein a number of times step (d-1) is performed is
counted to generate a counted value.

3. The method of claim 2, wherein, in step (d-1), the
predetermined ratio by which the referential battery charg-
ing power limit is reduced varies according to the counted
value, and

wherein the counted value is limited to a predetermined
value, and when the counted value reaches the prede-
termined value, charging of the battery is stopped.

4. The method of claim 2, wherein the counted value
increases by 1 every time step (d-1) is performed once, and
decreases by 1 when the battery which is in a charging state
switches to a discharging state.



US 2020/0343758 Al

5. The method of claim 4, wherein, in the charging power
limit restoring step, the real-time charging power limit is
restored to the referential predetermined charging power
limit in any one case among:

a case where the counted value is 0;

a case where current does not flow in the battery for at

least a predetermined time; and

a case where an SOC value of the battery reaches a
predetermined reference SOC value.

6. A method for setting a discharging power limit of a
battery when discharging the battery, wherein the battery
includes a plurality of battery cells, the method comprising:

a reference discharging power limit setting step of setting
a referential predetermined discharging power limit;

a real-time discharging power limit setting step of calcu-
lating a real-time discharging power limit in real-time
according to a real-time voltage of the battery and
setting a real-time discharging power limit of the bat-
tery; and

a discharging power limit restoring step of restoring the
real-time discharging power limit set in the real-time
discharging power limit setting step to the referential
predetermined discharging power limit.

7. The method of claim 6, wherein the real-time discharg-

ing power limit setting step comprises:

(a-2) a step of measuring a voltage of each of the plurality
of battery cells;

(b-2) a step of determining whether the voltage of a
battery cell having a lowest voltage among voltages of
the plurality of battery cells measured in step (a-2) is
less than a preset minimum allowable voltage;

(c-2) a step of measuring a period during which the
voltage of the battery cell having the lowest voltage is
maintained less than the preset minimum allowable
voltage; and
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(d-2) a step of reducing the referential predetermined
battery discharging power limit by a predetermined
ratio to calculate the real-time discharging power limit
when the period during which the voltage of the battery
cell having the lowest voltage is maintained less than
the preset minimum allowable voltage is equal to or
longer than a predetermined period,

wherein steps (a-2) to (d-2) are repeatedly performed, and

wherein a number of times step (d-2) is performed is
counted to generate a counted value.

8. The method of claim 7, wherein, in step (d-2), the
predetermined ratio by which the referential battery dis-
charging power limit is reduced varies according to the
counted value, and

wherein the counted value is limited to a predetermined
value, and when the counted value reaches the prede-
termined value, discharging of the battery is stopped.

9. The method of claim 7, wherein the counted value
increases by 1 every time step (d-2) is performed once, and
decreases by 1 when the battery which is in a discharging
state switches to a charging state.

10. The method of claim 9, wherein, in the discharging
power limit restoring step, the real-time discharging power
limit is restored to the referential predetermined discharging
power limit in any one case among:

a case where the counted value is 0,

a case where current does not flow in the battery for at
least a predetermined time; and

a case where an SOC value of the battery reaches a
predetermined reference SOC value.
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