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(54) Battery pack having linear voltage profile, and SOC algorithm applying to the battery pack

(57) A battery pack (100) is provide that comprises
a rechargeable battery module (110), and a battery man-
agement system (120) for controlling charging/discharg-
ing of the battery module (110). The battery module (110)
comprises a substantially linear charging and discharg-

ing voltage-time profile within at least part of the charging
and discharging cycle of the battery module (110). The
battery management system (120) is arranged to calcu-
late a state of charge of the battery module (110) by using
the linear charging/discharging characteristics of the bat-
tery module (110).
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Description

[0001] The present invention relates to a battery pack
and a state of charge (SOC) algorithm applied to the bat-
tery pack.
[0002] In general, a secondary battery is a battery that
is rechargeable and dischargeable, unlike a primary bat-
tery that cannot be recharged. A secondary battery may
be used as a single battery or may be used as a battery
module that include a plurality of batteries as a unit, ac-
cording to a kind of an external device to which the battery
is applied.
[0003] Conventionally, a lead storage battery has been
used as a power supply device for starting an engine.
Recently, an idle stop and go (ISG) has been applied to
improve fuel-efficiency, and has been distributed widely.
A power supply device supporting the ISG system that
is a system for restricting idle driving has to maintain
strong high output property for starting an engine, re-
chargeable and dischargeable properties regardless of
frequent engine stop/start, and long life span. However,
when using a conventional lead storage battery, the re-
chargeable and dischargeable properties are degraded
and the battery may not be used for a long time according
to frequent engine stop and restart operations under the
ISG system. Therefore, usage of lithium ion secondary
batteries required under the ISG system is increasing,
and usage of lithium ion secondary battery capable of
generating high output is also increasing.

SUMMARY OF THE INVENTION

[0004] According to an aspect of the invention, there
is provided a battery pack comprising: a rechargeable
battery module; a battery management system for con-
trolling charging/discharging of the battery module;
wherein the battery module comprises a substantially lin-
ear charging and discharging voltage-time profile within
at least part of the charging and discharging cycle of the
battery module; wherein the battery management system
is arranged to calculate a state of charge of the battery
module by using the linear charging/discharging charac-
teristics of the battery module (110).
[0005] In some embodiments, the battery manage-
ment system is arranged to calculate a second state of
charge of the battery module after a time period of charg-
ing or  discharging by determining a first state of charge
of the battery module and then using the linear charging/
discharging characteristics of the battery module.
[0006] In some embodiments, the first state of charge
is a current state of charge of the battery module and the
second state of charge is a predicted state of charge of
the battery module. In other embodiments, the first state
of charge is a previous state of charge of the battery
module and the second state of charge is a current state
of charge of the battery module.
[0007] In some embodiments, the battery manage-
ment system is arranged to determine the first state of

charge of the battery module by measuring an output
voltage of the battery module.
[0008] In some embodiments, the battery manage-
ment system is arranged to determine the substantially
linear charging and discharging voltage-time profile.
[0009] In some embodiments, the battery manage-
ment system is arranged to determine a charging and
discharging voltage-time profile over a sub-range of state
of charges, and then using this to determine the substan-
tially linear voltage-time profile for a wider range of state
of charges.
[0010] In some embodiments, the battery manage-
ment system is arranged to use the determined substan-
tially linear charging and discharging voltage-time profile
to determine a substantially linear charging and discharg-
ing voltage-state of charge profile.
[0011] In some embodiments, a charging and dis-
charging voltage-state of charge profile of the battery
module is linear within a range of states of charges from
70% to 90% state of charge.
[0012] In some embodiments, the battery module com-
prises a lithium ion battery comprising a negative active
material and a positive active material, optionally wherein
the battery module consists of the lithium ion battery.
[0013] In some embodiments, the battery module com-
prises a lithium ion battery including carbon as the neg-
ative active material.
[0014] The negative active material may comprise soft
carbon, and the negative active material comprises soft
carbon and carbon black. In some embodiments, the soft
carbon may form about 54.5 to 99.5% of the negative
active material and the carbon black may form about 0.5
to 45.5% of the negative active material.
[0015] In some embodiments, the battery module com-
prises a combination of at least two selected from the
group consisting of LixWO3, LixMoO2, LixTiS2, LixMoS2,
LixMnO4, Li1-x Mn2O4, Li1-xNiO2, Li1-xCoO2, LiNiVO4,
LiF, and LixNiyCozAl1-y-zO2 as the positive active mate-
rial.
[0016] According to a second aspect of the present
invention, there is provided a power apparatus for an idle
stop and go system for starting an engine, comprising: a
battery pack according to the first aspect; a power gen-
erating module for charging the battery module; a starter
motor arranged to be powered by the discharge of the
battery module.
[0017] In some embodiments, on starting the engine,
the battery management system (120) is arranged to de-
termine an engine start voltage value of the battery mod-
ule (110) based on an elapsed time using the determined
substantially linear charging and discharging voltage-
time profile, and then using the engine start voltage value
and the determined substantially linear charging and dis-
charging voltage-state of charge profile to determine an
engine start state of charge value.
[0018] According to a third aspect of the present inven-
tion, there is provided a vehicle comprising a power ap-
paratus according to the second aspect and an engine.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG.1 is a diagram showing a schematic configura-
tion of a battery pack according to an embodiment
of the present invention, and a connecting status to
external peripheral devices;
FIGS. 2A and 2B are graphs schematically showing
charging/discharging voltage profiles in a conven-
tional lithium ion battery and charging/discharging
voltage profiles of a lithium ion battery according to
an embodiment of the present embodiment;
FIG. 3 is a block diagram showing an internal struc-
ture of a battery management system (BMS) accord-
ing to an embodiment of the present embodiment for
acquiring a state of charge (SOC);
FIGS. 4A through 4C are diagrams showing exper-
imental data and graphs about a lithium ion battery
according to an embodiment of the present inven-
tion;
FIG. 5 is a flow chart illustrating processes of acquir-
ing the SOC by the BMS according to an embodiment
of the present invention; and
FIG. 6 is a flowchart illustrating processes of acquir-
ing the SOC by using output profiles when the BMS
starts an engine according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The invention now will be described more fully
hereinafter with reference to the accompanying draw-
ings, in which illustrative embodiments of the invention
are shown. Embodiments of the present application will
be described to the extent that one of ordinary persons
skilled in the art would be able to carry out the invention.
The various embodiments of the present invention are
different from each other, but not exclude each other. For
example, certain shapes, structures, and characteristics
described in the specification may be modified without
departing from the scope of the invention. Also, locations
or arrangements of each component in each of the em-
bodiments may be modified without departing from the
scope of the invention. Therefore, this is not intended to
limit the present invention to particular modes of practice,
and it is to be appreciated that all changes, equivalents,
and substitutes that do not depart from the technical
scope of the present invention are encompassed in the
present invention. Like numbers refer to like elements
throughout.
[0021] Hereinafter, embodiments of the present inven-
tion will be described with reference to accompanying
drawings so that one of ordinary persons skilled in the
art would be able to carry out the invention.

[0022] FIG. 1 is a diagram showing a schematic con-
figuration of a battery pack 100 according to an embod-
iment of the present invention, and connecting status to
peripheral devices.
[0023] The battery pack 100 includes first and second
terminals P1 and P2, and a battery module 110 connect-
ed between the first and second terminals P1 and P2 to
receive a  charging power and outputting a discharging
power. The battery pack 100 may be electrically connect-
ed to a power generating module 210 and a starter motor
220 in parallel via the first and second terminals P1 and
P2. In addition, the battery pack 100 includes a battery
management system (BMS) 120 and a battery module
110 as shown in FIG. 1.
[0024] The battery pack 100 stores charging power
generated by the power generating module 210, and may
supply discharging power to the starter motor 220. For
example, the power generating module 210 may be con-
nected to an engine (not shown), and may be connected
to a driving axis of the engine to convert a rotary driving
force into an electric output. Here, the charging power
generated by the power generating module 210 may be
stored in the battery module 110 via the first and second
terminals P1 and P2 of the battery pack 100. For exam-
ple, the power generating module 210 may include a di-
rect current (DC) generator (not shown) or an alternating
current (AC) generator (not shown), and a rectifier (not
shown), and may supply a DC voltage about 15 V, for
example, about 14.6 V to 14.8 V. In other embodiments,
the power generating module 210 may include other fea-
tures.
[0025] For example, the battery pack 100 may be used
as a power device for starting an engine of an idle stop
& go (ISG) system for improving fuel-efficiency. Since
stop and re-start of the engine are frequently repeated
in the ISG system, the charging and discharging of the
battery pack 100 are repeated.
[0026] A life span of the lead storage battery that is
conventionally applied in the ISG system is reduced due
to the frequent repetition of the charging and discharging
operations, and the charging and discharging character-
istics degrade. For example, a charging capacity may be
reduced due to the repetition of the charging and dis-
charging operations, thereby reducing startability of the
engine and reducing replacement period of the lead stor-
age battery.
[0027] However, the battery module 110 of this em-
bodiment includes a lithium ion battery maintaining con-
stantly charging and discharging characteristics and hav-
ing less aging when compared with the lead storage bat-
tery, and accordingly, may be applied suitably to the ISG
system in which the stop and re-start of the engine are
frequently repeated. In addition, since the lithium ion bat-
tery has less weight than that of the lead storage battery
having the same charging capacity, the fuel-efficiency
may be improved. Also, the same charging capacity may
be achieved with less volume than that of the lead storage
battery, a mounting space may be saved. However, the
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battery module 110 of the present invention is not limited
to using a lithium ion battery, and other embodiments of
the invention may include different types of batteries,
such as a nickel metal hydride (NiMH) battery.
[0028] The battery module 110 may include a plurality
of battery cells (not shown) that are connected to each
other in serial and parallel with each other, and a rated
charging voltage and charging capacity may be adjusted
by combining the serial and parallel connection.
[0029] The battery module 110 is a common name for
structures including a plurality of battery sub-units. For
example, when the battery pack 20 is a battery rack in-
cluding a plurality of battery trays, the battery rack may
be referred to as a battery module 110. Likewise, when
a battery tray includes a plurality of battery cells, the bat-
tery tray may be referred to as a battery module 110.
[0030] The battery module 110 of this embodiment in-
cludes a lithium ion battery including an electrode as-
sembly including a positive electrode plate including a
positive active material, a negative electrode plate includ-
ing a negative active material, and a separation film, and
a case receiving the electrode assembly. Here, the pos-
itive active material may be a combination of at least a
plurality of positive active materials, in more detail, may
include a combination of at least two selected from the
group consisting of LixWO3, LixMoO2, LixTiS2, LixMoS2,
LixMnO4, Li1-xMn2O4, Li1-xNiO2, Li1-xCoO2, LiNiVO4,
LiF, and LixNiyCozAl1-y-zO2.
[0031] In addition, a negative electrode may be formed
of a material including carbon. The negative electrode of
the battery module 110 according to some embodiments
of the invention may include soft carbon and carbon
black. In more detail, the portion of negative active ma-
terial of the battery module 110 may be the soft carbon
of about 54.5 to 99.5% and the carbon black of about 0.5
to 45.5%. In other embodiments, other materials for the
negative electrode may be used.
[0032] Also, the separation film is disposed between
the positive electrode plate and the negative electrode
plate, and is an insulating thin film having a high ion trans-
mittance and mechanical strength. Pores of the separa-
tion film have a diameter of about 0.01 to  10 mm, and a
thickness of the separation film is generally about 5 to
300 mm. The separation film may be formed of, for ex-
ample, olefin-based polymer having chemical resistance
and hydrophobic property, a sheet or non-woven fabric
formed of glass fiber or polyethylene, or craft paper. The
separation film that is currently in market is a cell-guard
based film, a polypropylene separation film, or polyeth-
ylene-based separation film.
[0033] In particular, the battery module 110 of some
embodiments of the invention may include the lithium ion
battery including soft carbon as the negative active ma-
terial. The battery module 110 including the soft carbon
may have charging and discharging voltage profiles that
are linealy in proportional to a state of charge (SOC) of
the battery module 110 according to characteristics of
the material. In more detail, the lithium ion battery includ-

ing the soft carbon at the negative electrode according
to this embodiment has linear charging and discharging
voltage profiles within 70 to 90% SOC band that is mainly
used by vehicles. When the charging and discharging
are performed at a high speed due to the characteristics
of the lithium ion battery, the battery module 110 including
the soft carbon according to this embodiment of the
present invention has the linear charging and discharging
profiles.
[0034] FIGS. 2A and 2B are graphs schematically
showing charging and discharging voltage profiles of a
conventional lithium ion battery and charging and dis-
charging voltage profiles of the lithium ion battery of an
embodiment of the invention.
[0035] Referring to FIG. 2A, the charging/discharging
voltage profiles of the conventional lithium ion battery
show a curvature as shown in the graph. That is, as
shown in the graph, the charging/discharging voltage
profiles of the conventional lithium ion battery have a rap-
id inclination at an initial stage of the charging or dis-
charging, and may not have linearity.
[0036] On the other hand, FIG. 2B is a graph showing
the charging/discharging voltage profiles of the lithium
ion battery including the soft carbon as the negative ac-
tive material according to this embodiment. As shown in
the graph of FIG. 2B, when the lithium ion battery includes
the soft carbon as the negative active material, the charg-
ing/discharging voltage profiles are linear throughout the
entire section. In particular, the lithium ion battery of this
embodiment has the linear charging/discharging voltage
profiles even when the high output is maintained in a
section of SOC 70 to 90% where the battery of a vehicle
is mainly used. That is, even when the battery module
110 of a vehicle of the ISG system has the high output
characteristic, according to the lithium ion battery using
the soft carbon as the negative active material, the SOC
may be grasped easily due to the linear charging/dis-
charging voltages without using a complex current inte-
grating algorithm. Therefore, since the charging/dis-
charging graph is linear, the SOC may be identified via
an open circuit voltage.
[0037] Next, the BMS 120 monitors a state of the bat-
tery and controls the charging/discharging operations. In
his embodiment, the BMS 120 calculates the SOC by
using the linear charging/discharging characteristics of
the lithium ion battery that uses the soft carbon as the
negative active material. Functions and operations of the
BMS 120 will be described in detail later.
[0038] Next, the power generating module 210 may
include an alternator of a vehicle. The alternator supplies
the charging power to the battery pack 100, and may
supply electric power to an electric load 230 that will be
described later during driving the engine.
[0039] Next, the starter motor 220 is driven when start-
ing the vehicle, and may supply an initial rotating power
for rotating the driving axis of the engine. For example,
the starter motor 220 receives the electric power stored
in the battery pack 100 via the first and second terminals
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P1 and P2, and re-drives the engine by rotating the driv-
ing axis when starting the engine or re-starting the engine
after idle stop. In more detail, the starter motor 220 pro-
vides the engine with an initial rotating power when a
user starts the engine of the vehicle or in an idle go status.
[0040] Meanwhile, the electric load 230 may be con-
nected to the battery pack 100 with the power generating
module 210 and the starter motor 220. The electric load
230 consumes the electric power stored in the battery
pack 100, and may receive the discharging power stored
in the battery pack 100 via the first and second terminals
P1 and P2 and may includes various vehicle electric de-
vices.
[0041] The electric load 230 may include a car air-con-
ditioner, a radio, and a remote controller receiving termi-
nal; however, the embodiments of the present invention
are not limited thereto, and the electric load 230 may
refer to loads that are driven when receiving an electric
power from the power generating module 210 or the bat-
tery module 110. In the  charging/discharging voltage
profiles shown in FIGS. 2A and 2B, when the number of
used electric loads 230 increases, a discharging gradient
of the graph becomes greater.
[0042] Hereinafter, general functions of the BMS 120
and a method of acquiring the linear SOC characteristic
of the battery module 110 according to time and relational
characteristic between the SOC and charging/discharg-
ing voltage profiles by the BMS 120 and, on other way,
providing the SOC of the battery module 110 according
to the acquired characteristics without a complex calcu-
lation operation will be described.
[0043] The BMS 120 of this embodiment is connected
to the battery module 110, and controls the charging and
discharging operations of the battery module 10. In ad-
dition, the BMS 120 may perform functions such as an
over-charging protection, an over-discharging protec-
tion, an over-current protection, an over-voltage protec-
tion, an overheat protection, and a cell-balancing func-
tion. To do this, the BMS 120 may include a measuring
unit for measuring the voltage, the current, the temper-
ature, the remaining electric power, the life span, and the
SOC from the battery module 110, and may control ex-
ternal devices, that is, the starter motor 220 and the pow-
er generating module 210, by generating control signals
based on the measurement results.
[0044] The BMS 120 may use an SOC determination
method such as a voltage measuring method, a current
integrating method, and a current integrating and a Ka-
lman filter application method in order to determine the
SOC. In particular, in this embodiment of the present in-
vention, the BMS 120 may predict the SOC of the battery
module 110 without using the above described SOC de-
termination method that is complex, using the linear
charging/discharging voltage profiles of the lithium ion
battery using the soft carbon as the negative active ma-
terial. This will be described in more detail with reference
to FIG. 3.
[0045] FIG. 3 is a block diagram of the BMS 120 for

acquiring the SOC according to an embodiment of the
present invention.
[0046] Referring to FIG. 3, the BMS 120 includes a
battery characteristic acquiring unit 121, a monitoring unit
122, an SOC prediction unit 123, and an output profile
providing unit 124.
[0047] First, the battery characteristic acquiring unit
121 acquires linear charging and discharging character-
istics of the battery module 110. As described above, the
lithium ion secondary battery including the soft carbon
as the negative active material has the linear charging/
discharging voltage profiles according to this embodi-
ment of the present invention. By using the above char-
acteristic, the battery characteristic acquiring unit 121
may grasp the linear charging and discharging charac-
teristics so that SOC prediction unit 123 can predict the
SOC of the battery module 110. The battery character-
istic acquiring unit 121 may refer to data showing the
battery characteristics input in advance, or may refer to
data recording the SOC according to time by repeatedly
performing the charging/discharging operations directly.
[0048] FIGS. 4A through 4C are diagrams showing ex-
perimental data and graphs about the lithium ion battery
according to an embodiment of the present invention.
[0049] Referring to FIGS. 4A through 4C, FIG. 4A
shows data representing the SOC and voltage values of
the lithium ion battery having the linear charging/dis-
charging voltage profiles according to time, FIG. 4B is a
graph showing the data of FIG. 4A with respect to the
SOC and the voltage, and FIG. 4C is a graph showing
the data of FIG. 4A with respect to the time and the SOC.
[0050] FIG. 4A shows data representing the SOC and
the voltages of the battery module 110 after charging the
battery module 110 including the soft carbon as the neg-
ative active material at 0.2C and 1C per second. As a
reference, #1 and #2 show the number of experiments,
and the graph shows an average of the experiments #1
and #2. Referring to the graph of FIG. 4B, the voltage
profiles of the battery module 110 have linearity except
for a partial section. In particular, the graph shows the
linearity within a section between 70% and 90% that is
the SOC band mainly used by the vehicle.
[0051] The lithium ion battery including the soft carbon
as the negative active material according to this embod-
iment of the present invention has the linear charging/
discharging voltage profiles as shown in FIG. 4B, and
the battery characteristic acquiring unit 121 may acquire
the SOC of the entire voltage section by using a relation-
ship between the SOC-voltage in a partial section of the
profile. By using the above feature, the SOC with respect
to the voltage value within the entire section of the profile
(or at least the entire useable section of the profile) may
be acquired based on the voltage value of a partial sec-
tion of the profile.
[0052] Also, referring to the graph of FIG. 4C, the bat-
tery module 110 of this present invention has the linear
SOC characteristic that is proportion to time. By using
the above feature, the SOC characteristic in proportion
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of time can be predicted by deriving the relationship be-
tween the SOC and time in a partial section of the SOC-
time profile.
[0053] Although the charging voltage graph is only
shown in FIGS. 4B and 4C, the battery characteristic ac-
quiring unit 121 acquires the discharging voltage char-
acteristics of the battery module 110. The discharging
voltage characteristics are determined according to en-
gine efficiency and characteristics of the electric loads in
the vehicle in which the battery module 110 is mounted.
In a vehicle of the ISG system, the start and re-start of
the engine happen frequently, and thus, an output profile
may be obtained by using the linear SOC characteristic.
[0054] In particular, the lithium ion battery of this em-
bodiment of the present invention has the linearity in the
SOC band of 70 to 90% that is mainly used by the vehicle,
and thus, the battery characteristic acquiring unit 121 ac-
quires the voltages of the SOC section between 70% and
90%. Since a power generator, that is, an alternator, is
connected to the battery module 110 used in a vehicle
to continuously charge the battery module 110, the SOC
of the battery module 110 is generally maintained at 70%
or greater. In addition, since the battery module 110 is
continuously discharged due to the starter motor 220 and
the electric loads 230 in the vehicle, the SOC of the bat-
tery module 110 is generally maintained at 90% or less.
However, the above description is about the SOC section
where the battery module 110 of the vehicle is mainly
used, and the embodiments of the present invention are
not limited to the above range.
[0055] Next, the monitoring unit 122 monitors a state
of the battery module 110 having the linear charging/
discharging voltage profiles. To do this, the monitoring
unit 122 continuously checks an output voltage and an
output current used by the battery module 110. In addi-
tion, the monitoring unit 122 checks elapsed time during
the charging or the discharging operation so that the SOC
prediction unit 123 and the output profile providing unit
124 may acquire prediction values based on the data of
the battery characteristic acquiring unit 121.
[0056] Next, the SOC prediction unit 123 predicts the
current SOC of the battery module 110 based on the data
of the battery characteristic acquiring unit 121. As de-
scribed above, although the lithium ion battery has the
high output property, it is difficult to obtain the  SOC
through the current integrating algorithm every time due
to the frequent outputs of the vehicle of the ISG system.
Therefore, the SOC prediction unit 123 may predict the
SOC by using the linear charging/discharging character-
istics of the battery module.
[0057] In more detail, since the lithium ion battery in-
cluding the soft carbon according to this embodiment of
the present invention maintains the linearity of voltage
profile within the 70 to 90% of the SOC band that is mainly
used by the vehicle, the SOC may be obtained only by
using the time information based on the charging/dis-
charging voltage profiles in this mainly used section.
[0058] As described above, the lithium ion battery in-

cluding the soft carbon according to this embodiment of
the present invention has the linear SOC characteristic
that is in proportion to the voltage profiles and in propor-
tion to the time even under the high output condition in
the vehicle of the ISG system. Therefore, the SOC pre-
diction unit 123 may predict SOC by voltage profile infor-
mation or time information.
[0059] In addition, the SOC prediction unit 123 of this
embodiment may acquire the SOC based on the charg-
ing/discharging voltage profiles provided from the output
profile providing unit 124 that will be described later.
Since the lithium ion battery of this embodiment also de-
rives the linear charging/discharging voltage profiles in
proportion to time, the SOC prediction unit 123 may pre-
dict the SOC corresponding to the charging/discharging
voltage values that is predicted only by the time informa-
tion.
[0060] The output profile providing unit 124 provides
the SOC prediction unit 123 with the output profile by
using the characteristic of the charging/discharging volt-
age profiles that they vary linearity according to time.
Since the lithium ion battery of this embodiment has the
linear charging/discharging voltage profiles, the charg-
ing/discharging output profiles according to time may be
provided based on the data of the battery characteristic
acquiring unit 121 without monitoring the voltage in real-
time using the monitoring unit 122. For example, since
the battery module 110 of this embodiment has the linear
charging/discharging voltage characteristic with respect
to time, a voltage value after a predetermined time has
passed since the engine stops may be predicted only by
using time information. In other words, if the linear charg-
ing/discharging voltage characteristic with respect to
time is know, then it is possible to predict a voltage after
an elapsed time without directly measuring the new volt-
age after the elapsed time. Also, the output profile pro-
viding unit 124 may rapidly  provide the output profile
when starting the engine, by using the linearity even when
the battery module 110 operates under the high output
condition. The output profile acquired by the output profile
providing unit 124 is used for the SOC prediction unit 123
to predict the SOC based on the charging/discharging
voltages.
[0061] FIG. 5 is a flowchart illustrating processes of
deriving a SOC value by the BMS 120 according to an
embodiment of the present invention.
[0062] Referring to FIG. 5, the BMS 120 acquires the
linear charging/discharging characteristics of the battery
module 110 (S11). Since the battery module 110 of this
present embodiment includes the lithium ion batteries
including the soft carbon as the negative active material,
the battery module 110 has the linear charging/discharg-
ing characteristics. In other embodiments, other types of
batteries having linear charging/discharging characteris-
tics could be used.
[0063] Next, the SOC characteristic of the battery mod-
ule 110 that is in proportional to the time is acquired (S12).
[0064] Next, input of the time when the SOC is wanted
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to be obtained is received (S13). In other words, the time
at which it is desired to predict a new SOC is received.
[0065] Then, the SOC of the battery module 110 cor-
responding to the input time is output by a simple calcu-
lation using the linear characteristic (S14). Hence, ac-
cording to the flowchart of FIG. 5 the BMS 120 can predict
a new SOC using a simple calculation method.
[0066] FIG. 6 is a flowchart illustrating processes of
obtaining a SOC value by the BMS 120 when starting
the engine.
[0067] Referring to FIG. 6, the charging/discharging
voltage profile of the battery module 110, which is in pro-
portion to the time, is acquired (S21).
[0068] Then, the SOC of the battery module 110 in
proportion to the charging/discharging voltage profile is
acquired (S22). In other words the profile of SOC against
voltage is obtained.
[0069] Next, a voltage value of the battery module 110
corresponding to an elapsed time is acquired by using
the information of step S21, when the user starts engine
(S23). In other words, in step S23 the voltage value of
battery module corresponding to an elapsed time is ac-
quired using the information of step S21 when the user
starts the engine. In some embodiments, the elapsed
time is the time since the engine was last stopped.
[0070] Next, the SOC corresponding to the voltage val-
ue of the battery module 110 is acquired by using infor-
mation of step S22 (S24). In other words, the SOC of the
battery module corresponding to the acquired voltage
value is acquired using the information of step S22.
[0071] As described above, in embodiments of the in-
vention there is provided a battery pack 100 comprising
a rechargeable battery module 110, a battery manage-
ment system 120 for controlling charging/discharging of
the battery module 110, in which the battery module 110
comprises a substantially linear charging and discharg-
ing voltage-time profile within at least part of the charging
and discharging cycle of the battery module 110. The
battery management system 120 is arranged to calculate
a state of charge of the battery module 110 by using the
linear charging/discharging characteristics of the battery
module 110. Thus a simple calculation method is possi-
ble.
[0072] In such embodiments, the battery management
system 120 can be arranged to calculate a second state
of charge of the battery module 110 after a time period
of charging or discharging by determining a first state of
charge of the battery module 110 and then using the lin-
ear charging/discharging characteristics of the battery
module 110. The first state of charge could be a current
state of charge of the battery module 110 and the second
state of charge could be a predicted state of charge of
the battery module 110. Alternatively, in a different mode
of operation, the first state of charge could be a previous
state of charge of the battery module 110 and the second
state of charge could be a current state of charge of the
battery module 110.
[0073] The battery management system 120 can be

arranged to determine the first state of charge of the bat-
tery module 110 by measuring an output voltage of the
battery module 110.
[0074] In some embodiments, the battery manage-
ment system 120 can be arranged to determine a charg-
ing and discharging voltage-time profile over a sub-range
of state of charges (e.g. 70% to 90%), and then to use
this to determine the substantially linear voltage-time pro-
file for a wider range of state of charges.
[0075] In some embodiments, the battery manage-
ment system 120 can use the determined substantially
linear charging and discharging voltage-time profile to
determine a substantially linear charging and discharging
voltage-state of charge profile.
[0076] In some embodiments, the battery pack forms
part of a power apparatus for an idle stop and go system
for starting an engine. In some such embodiments, on
starting the engine, the battery management system 120
can be arranged to determine an engine start voltage
value of the battery module 110 based on an elapsed
time using the determined substantially linear charging
and discharging voltage-time profile, and then using the
engine start voltage value and the determined substan-
tially linear charging and discharging voltage-state of
charge profile to determine an engine start state of charge
value.
[0077] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
scope of the present invention as defined by the following
claims.
[0078] Therefore, although a few embodiments of the
present invention have been shown and described, it
would be appreciated by those skilled in the art that
changes may be made in these exemplary embodiments
without departing from the principles and spirit of the in-
vention, the scope of which is defined in the claims and
their equivalents.

Claims

1. A battery pack (100) comprising:

a rechargeable battery module (110);
a battery management system (120) for control-
ling charging/discharging of the battery module
(110);
wherein the battery module (110) comprises a
substantially linear charging and discharging
voltage-time profile within at least part of the
charging and discharging cycle of the battery
module (110);
wherein the battery management system (120)
is arranged to calculate a state of charge of the
battery module (110) by using the linear charg-
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ing/discharging characteristics of the battery
module (110).

2. A battery pack (100) according to claim 1, wherein
the battery management system (120) is arranged
to calculate a second state of charge of the battery
module (110) after a time period of charging or dis-
charging by determining a first state of charge of the
battery module (110) and then using the linear charg-
ing/discharging characteristics of the battery module
(110).

3. A battery pack (100) according to claim 2, wherein:

the first state of charge is a current state of
charge of the battery module (110) and the sec-
ond state of charge is a predicted state of charge
of the battery module (110); or
the first state of charge is a previous state of
charge of the battery module (110) and the sec-
ond state of charge is a current state of charge
of the battery module (110).

4. A battery pack (100) according to any one of claims
1 to 3, wherein the battery management system
(120) is arranged to determine the first state of
charge of the battery module (110) by measuring an
output voltage of the battery module (110).

5. A battery pack (100) according to any one of claims
1 to 4, wherein the battery management system
(120) is arranged to determine the substantially lin-
ear charging and discharging voltage-time profile.

6. A battery pack (100) according to claim 5, wherein
the battery management system (120) is arranged
to determine a charging and discharging voltage-
time profile  over a sub-range of state of charges,
and then using this to determine the substantially
linear voltage-time profile for a wider range of state
of charges.

7. A battery pack (100) according to claim 5 or 6, where-
in the battery management system (120) is arranged
to use the determined substantially linear charging
and discharging voltage-time profile to determine a
substantially linear charging and discharging volt-
age-state of charge profile.

8. A battery pack (100) according to any one of claims
1 to 7, wherein a charging and discharging voltage-
state of charge profile of the battery module (100) is
linear within a range of states of charges from 70%
to 90% state of charge.

9. A battery pack (100) according to any one of claims
1 to 8, wherein the battery module (110) comprises
a lithium ion battery comprising a negative active ma-

terial and a positive active material, optionally where-
in the battery module (110) consists of the lithium
ion battery.

10. A power apparatus according to claim 9, wherein the
battery module (110) comprises a lithium ion battery
including carbon as the negative active material.

11. A power apparatus according to claim 10, wherein
the negative active material comprises soft carbon,
optionally wherein the negative active material com-
prises soft carbon and carbon black, further option-
ally wherein the soft carbon forms about 54.5 to
99.5% and the carbon black about 0.5 to 45.5% of
the negative active material.

12. A power apparatus according to any one of claims
9 to 11, wherein the battery module (110) comprises
a combination of at least two selected from the group
consisting of LixWO3, LixMoO2, LixTiS2, LixMoS2,
LixMnO4, Li1-xMn2O4, Li1-xNiO2, Li1-x CoO2,
LiNiVO4, LiF, and LixNiyCozAl1-y-zO2 as the positive
active material.

13. A power apparatus for an idle stop and go system
for starting an engine, comprising:

a battery pack (100) according to any one of
claims 1 to 12;
a power generating module (210) for charging
the battery module (110);
a starter motor (220) arranged to be powered
by the discharge of the battery module (110).

14. A power apparatus according to claim 13 when de-
pendent on claim 7, wherein on starting the engine,
the battery management system (120) is arranged
to determine an engine start voltage value of the bat-
tery module (110) based on an elapsed time using
the determined substantially linear charging and dis-
charging voltage-time profile, and then using the en-
gine start voltage value and the determined substan-
tially linear charging and discharging voltage-state
of charge profile to determine an engine start state
of charge value.

15. A vehicle comprising:

a power apparatus according to claim 13 or 14,
a engine.

13 14 



EP 2 680 395 A2

9



EP 2 680 395 A2

10



EP 2 680 395 A2

11



EP 2 680 395 A2

12



EP 2 680 395 A2

13



EP 2 680 395 A2

14



EP 2 680 395 A2

15



EP 2 680 395 A2

16


	bibliography
	description
	claims
	drawings

