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(57) Abstract: The objective of the present invention is to provide a technology capable of estimating a battery condition
in conjunction with charging/discharging operations of a battery, without employing dedicated equipment for estimating
the condition of the battery. A battery management device according to the present invention identifies a first period and
a subsequent second period in a rest period after a battery finishes discharging or charging, and uses an output voltage
difference in the second period to estimate the condition of the battery (see Fig. 1).
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DESCRIPTION

Technical Field
[0001]

The present disclosure relates to a technique for managing battery state.

Background
[0002]

Impedance measurement is known as a method for estimating battery state. Patent
Literature 1 below describes a technical problem as : To accurately estimate the state of a
battery by using impedance. This document also describes a solution for the problem as : A
battery state estimation device (100) comprising: an acquisition unit (110) configured to
acquire a complex impedance of a battery at a plurality of different temperatures; and A
calculation unit configured to calculate, as a slope of the complex impedance, a slope of a
straight line connecting values of the acquired plurality of complex impedances at a first

predetermined frequency (120), storage means (130) for storing in advance the relationship

between the slope of the complex impedance and the battery state of the battery, and estimation

means (140) for estimating the battery state based on the calculated slope of the complex

impedance and the stored relationship (refer to Abstract).

Patent Literature
[0003]
Patent Literature 1: JP 2018-091716 A

[0004]

In order to perform impedance measurement, it is necessary to apply alternating

current waves to a measured target. This requires an equipment for the measurement, and thus

it is difficult to perform impedance measurement during merely charging or discharging the

rechargeable battery. This is because charging or discharging the rechargeable battery is a
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direct current process. If it is possible to estimate whether the rechargeable battery has defects
during charging or discharging the rechargeable battery, such estimation is beneficial because
there will be no need for preparing the equipment for impedance measurement.
[0005]

It is desired to address or alleviate one or more disadvantages or drawbacks of the

prior art, including the problem described above, or at least provide a useful alternative.

Summary
[0006]

In at least some embodiments, the present disclosure provides a technique that can
estimate a battery state along with charging or discharging the battery without using equipment
dedicated for estimating the battery state.

A battery management device according to this disclosure comprises a detector that
acquires a detected value of a voltage outputted from the battery; and

a processor that estimates a state of the battery,

wherein the processor identifies a first period from a start time point at or
after an end time point when the battery finishes charging or discharging to a first time point
when a first duration has elapsed from the start time point,

wherein the processor identifies a second period that starts at a time point
after the end time point and that ends at a second time point after an end time of the first
period,

wherein the processor acquires, as a second period difference, a difference of
an output voltage of the battery from start of the second period to end of the second period,

wherein the processor acquires a relationship between the second period
difference and a state of the battery,

wherein the processor refers to the relationship using the second period
difference, thereby estimating a state of the battery,

wherein the processor acquires, as a first period difference, a difference of the

output voltage from start of the first period to end of the first period, and
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wherein if a ratio of the first period difference to the second period reference

is at or above a first threshold, the processor estimates that the battery is not in a normal state.

Advantageous Effects of Embodiments
[0007]

With the battery management device according to this disclosure, it is possible to
estimate a battery state along with charging or discharging the battery without using equipment

dedicated for estimating the battery state.

Brief Description of Drawings
[0008]

One or more embodiments of the present invention are hereinafter described, by way
of example only, with reference to the accompanying drawings in which:

Figure 1 is a graph illustrating a temporal variation of output voltage from a battery in
a rest period after finishing discharge operation of the battery.

Figure 2 is an example of relationship data that describes a relationship between AVb
and AVa_lim.

Figure 3 is a diagram illustrating a modified example of the relationship data.

Figure 4 is a flowchart that explains a procedure for estimating whether the battery has
a defect.

Figure 5 is a graph that compares variations of temporal change of output voltage in
the rest period after discharging operation between normal batteries and defective batteries.

Figure 6 is a schematic diagram that illustrates estimating whether there is a defect
using ¢_lim.

Figure 7 is a flowchart that explains a procedure for estimating whether the battery has
a defect in an embodiment 3.

Figure 8 is a schematic diagram that exemplifies an application of the battery
management device according to an embodiment 4.

Figure 9 is a diagram illustrating a configuration example of the battery management
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device 100 according to the embodiment 4.

Figure 10 is a diagram illustrating another configuration example of the battery
management device 100.

Figure 11 illustrates a configuration example where a detector 130 is connected to a
battery 200.

Figure 12 is an example of a user interface presented by the battery management

device 100.

Description of Embodiments
[0009]
<Embodiment 1>

Figure 1 is a graph illustrating a temporal variation of output voltage from a battery in
a rest period after finishing discharge operation of the battery. When finishing the discharge
operation, the output voltage rapidly increases, and then slowly increases. The period where
the output voltage rapidly increases is referred to as a first period. The period thereafter where
the output voltage slowly increases is referred to as a second period. The time length of the
first period is At. The difference of the output voltage between a start time point of the first
period and an end time point of the first period is AVa. The difference of the output voltage
between a start time point of the second period and an end time point of the second period is
AVb.

[0010]

According to knowledge acquired by the author of this disclosure, it is found that the
battery highly likely has a defect (not in a normal state) when AVais at or above AVa_lim. In
addition, it is found that AVa_lim is a first order function (typically proportional) of AVb. In
an embodiment 1 of this disclosure, using such relationship, a method will be described that
predicts whether the battery has a defect (alternatively whether the battery is about to have a
defect) based on a ratio of AVa to AVb.

[0011]

Figure 2 is an example of relationship data that describes a relationship between AVb
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and AVa_lim. AVb and AVa_lim are typically in a proportional relationship. In other words,
as AVb is large, the normal range of AVa is also large. If AVais at or above the normal range
(i.e. AVa>=AVa_lim), it is estimated that the battery has a defect. Explaining in accordance
with Figure 2, when plotting actually measured values of AVa and AVb, AVa is abnormal if
AVa is larger than the solid line In Figure 2.

[0012]

The relationship between AVb and AVa_lim varies also depending on the length of At.
Then Figure 2 shows an example describing the relationship between them for each of values
of At. In addition, similar relationship data may be prepared for each of types of battery cell.
The relationship between these values may be acquired from previously performed
experiments, for example.

[0013]

As shown in Figure 2, AVa_lim can be defined depending on values of At and of AVb.
Thus the timing for actually measuring these values can be freely determined to some extent.
However, these values still should be measured in a period where the defect of the battery
appears well. For example, in a period where the output voltage rapidly increases immediately
after the dormant state starts, it is not desirable to actually measure both of AVa and AVb.
Similarly, it is not desirable to actually measure both of them in a period where the temporal
variation of the output voltage is stable in the rest period. Accordingly, although the timing for
AVa and AVb can be freely determined to some extent, they should be acquired at a timing
where a rapid increase and a slow increase of the output voltage can be seen, as shown in
Figure 1. These are dependent on the characteristic of the battery. Thus an appropriate timing
may be defined for each of battery types.

[0014]

The first period and the second period may overlap with each other partially. In other
words, as long as the second period ends after the end time point of the first period, such period
can be employed as the second period. The start time point of the first period may be after the
end time point of the rest period. In other words, it is sufficient as long as the rest period

encompasses both of whole of the first period and whole of the second period. It is noted that
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the end time point of the second period is after the end time point of the first period.
[0015]

Figure 3 is a diagram illustrating a modified example of the relationship data. The
function representing the relationship between AVb and AVa_lim may vary depending on at
least one of : battery temperature T, discharge current I of battery, or voltage V at end of
discharge of battery. In such cases, the functional parameters may be defined for each value of
T, I, and V. AVa_lim may be calculated using the functional parameters corresponding to
actually measured values of them. Therefore, the function f that represents the relationship

between AVb and AVa_lim in such cases is defined as below.

[0016]
AVa_lim =1
AVb,
¢ Rn_T_1,cRn T2, ..,
c Rn I 1,c_ Rn_I2, ...
¢ Rn_V_1,c Rn_V_2,...
)

[0017]

Since AVa_lim is a function of AVb, the function f has AVb as an argument. The
function f further includes one or more of parameters c_Rn_T that varies depending on
temperature T. Similarly, the function f includes one or more of parameters c_Rn_I that varies
depending on electrical current I, and one or more of parameters ¢_Rn_V that varies depending
on voltage V.

[0018]
Figure 4 is a flowchart that explains a procedure for estimating whether the battery has
a defect. Hereinafter, each step in Figure 4 will be described.
[0019]
(Figure 4 : step S401)
It is determined whether it is a rest period after charging or a rest period after

discharging. If it is not the rest period now, this flowchart terminates. If it is the rest period,
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the flowchart proceeds to S402. It can be determined whether it is the rest period after
discharging, by such as (a) the output current from the battery varies from a negative value (I <
0) to zero ; (b) the output current varies from a negative value to a value around zero and is
stable ({I} < threshold).

[0020]

(Figure 4 : step S401 : additional note)

When defining functional parameters for each value of T, I, and V as described in
Figure 3, these values may be acquired in this step (or in subsequent step). These values may
be acquired from a managing unit installed for each of battery cells.

[0021]
(Figure 4 : step S402)

Actually measured values of AVa and AVb are acquired. A ratio of AVato AVbis
calculated. If this ratio is at or above AVa_lim corresponding to the actually measured value of
AVDb, it is estimated that the battery has a defect. The estimated result is outputted.

[0022]
<Embodiment 1 : summary>

In the embodiment 1, a ratio of voltage difference AVa in the first period to voltage
difference AVb in the second period is calculated. If the ratio is at or above AVa_lim, itis
estimated that the battery has a defect. Accordingly, it is possible to estimate whether the
battery is in a normal state even without preparing equipment used for such as impedance
measurement.

[0023]

In the embodiment 1, the relationship between AVa_lim and AVb can be defined for
each values of At. Accordingly, it is possible to acquire actually measured values of AVa or
AVD at a relatively free timing.

[0024]
<Embodiment 2>
Figure 5 is a graph that compares variations of temporal change of output voltage in

the rest period after discharging operation between normal batteries and defective batteries.
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The normal batteries exhibit approximately same differences AVc of output voltage regardless
of the number of times of measurement, in a third period (time tcO — tc1 in Figure 5) where the
temporal variation of output voltage is stable. On the other hand, the author of this disclosure
found that for defective batteries, AVc significantly varies for each of measurement. Thus in
an embodiment 2 of this disclosure, a procedure will be described that estimates whether the
battery has a defect based on the variation of AVc.

[0025]

It is desirable to set the third period at a timing when the output voltage of defective
battery significantly varies for each of measurement. For example, a period may be used as the
third period, which is within one second from starting the rest period and which is next to the
second period explained in the embodiment 1. It is not necessary that the end time point of the
second period is same as the start time point of the third period. For example, the second
period and the third period may partially overlap with each other. Alternatively, an interval
may be placed between the end time point of the second period and the start time point of the
third period.

[0026]

A procedure for calculating AVc will be described below. An actually measured value
of voltage change AVc is acquired for same batteries in the same third period (i.e. a voltage
difference is acquired between same time points tcO and tc1 for the same batteries). A standard
deviation ¢ of AVc is calculated for each acquisition. If ¢ is at or above a threshold ¢_lim, it is
estimated that the battery has a defect.

[0027]

o_lim may be determined using a measured result of a battery which is not degraded.
For example, a standard deviation 6_new of AVc is calculated for a new battery, and ¢_lim
may be determined as ¢_lim = 36_new. Alternatively, ¢_lim may be determined according to
rule of thumb such as experimental results. The value of 6_lim may be described in the
relationship data as in the embodiment 1.

[0028]

Figure 6 is a schematic diagram that illustrates estimating whether there is a defect
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using ¢_lim. If a fluctuation of AVc (standard deviation o) is within three times of a standard
deviation 6_new of a new battery, such fluctuation may be approximately within a normal
range. On the other hand, if ¢ fluctuates over the range of 36_new, it is estimated that the
battery has a defect.

[0029]

<Embodiment 2 : summary>

In the embodiment 2, if a voltage variation (standard deviation o) in the third period is
at or above ¢_lim, it is estimated that the battery has a defect. Accordingly, as in the
embodiment 1, it is possible to estimate whether the battery is in a normal state even without
preparing equipment used for such as impedance measurement.

[0030]
<Embodiment 3>

Figure 7 is a flowchart that explains a procedure for estimating whether the battery has
a defect in an embodiment 3 of this disclosure. The methods explained in the embodiments 1-2
are performed respectively, and normality of battery is ranked according to the results of the
methods, thereby it is possible to estimate the normality of battery. For example, the normality
of battery may be estimated as below. Those ranking methods are for examples only, and other
ranking method may be employed.

[0031]

(a) If the battery is estimated as normal by the method in the embodiment 1, and is
estimated as normal by the method in the embodiment 2, the battery is estimated as grade A
(lowest defect level : highest normality).

[0032]

(b) If the battery is estimated as normal by the method in the embodiment 1, and is
estimated as defective by the method in the embodiment 2, the battery is estimated as grade B
(second lowest defect level).

[0033]
(c) If the battery is estimated as defective by the method in the embodiment 1, and is

estimated as normal by the method in the embodiment 2, the battery is estimated as grade C
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(second highest defect level).
[0034]

(d) If the battery is estimated as defective by the method in the embodiment 1, and is
estimated as defective by the method in the embodiment 2, the battery is estimated as grade D
(highest defect level : lowest normality).

[0035]
<Embodiment 4>

An embodiment 4 of this disclosure explains a configuration example of a battery
management device that implements methods for estimating whether the battery has a defect
explained in the embodiments 1-3.

[0036]

Figure 8 is a schematic diagram that exemplifies an application of the battery
management device according to the embodiment 4. The battery management device estimates
whether the battery has a defect according to the procedure of flowcharts explained in the
embodiments 1-3. The battery (e.g. battery cell, battery module, battery pack, etc.) which
needs charge or discharge may be connected to various devices, such as a tester, a BMS
(battery management system), a battery charger, and so on. When the battery is connected to
these devices, the battery is in any one of charge operation / discharge operation / dormant
state. Depending on the place where the algorithm for estimating the defect is performed, the
presence or absence of defect may be calculated on the devices above or on a computer that is
connected via a network such as on a cloud server. The benefit to calculate on a device to
which the battery is connected is that the battery state (voltage outputted from battery, electric
current outputted from battery, battery temperature, etc.) can be acquired highly frequently.
[0037]

The presence or absence of defect calculated on a cloud system may be sent to a
computer owned by a user. The user computer may provide this data to a specific application
such as inventory management. The presence or absence of defect calculated on the cloud
system may be stored in a database of a cloud platform provider, for use in another application.

Such another application may include optimization of exchange route of electric vehicle,

10
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energy management, and so on.
[0038]

Figure 9 is a diagram illustrating a configuration example of the battery management
device 100 according to the embodiment 4. The battery management device 100 in Figure 9 is
connected to a battery 200. The battery management device 100 is a device that receives
electric power from the battery 200. The battery management device 100 corresponds to the
tester in Figure 8. The battery management device 100 includes a communicator 110, a
processor 120, a detector 130, and a storage unit 140.

[0039]

The detector 130 acquires a detected value V of voltage outputted from the battery
200, and a detected value I of electrical current outputted from the battery 200. Optionally, the
detector 130 may acquire a detected value T of temperature of the battery 200. These detected
values may be detected by the battery 200 itself and be notified to the detector 130.
Alternatively, these detected values may be detected by the detector 130. Details of the
detector 130 will be described later.

[0040]

The processor 120 estimates presence or absence of defect of the battery 200, using
the detected values acquired by the detector 130. The estimating procedure is as explained in
the embodiments 1-3. The communicator 110 sends, to outside of the battery management
device 100, the presence or absence of defect estimated by the processor 120. For example,
they may be sent to a memory included in the cloud system. The storage unit 140 stores the
relationship data explained in the embodiments 1-3.

[0041]

The processor 120 may be configured by hardware such as circuit device
implementing the functionality of the processor 120. Alternatively, the processor 120 may be
configured by software implementing the functionality of the processor 120 and by processing
devices such as CPU (Central Processing Unit) executing the software.

[0042]

Figure 10 is a diagram illustrating another configuration example of the battery

11
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management device 100. The battery management device 100 is not necessarily a device that
receives electric power by directly connecting to the battery 200. Figure 10 illustrates a form
where the battery management device 100 does not include the communicator 110 and the
detector 130 described in Figure 9. The battery management device 100 in Figure 10 acquires
the voltage V, the electrical current I, and the temperature T of the battery 200 from the
communicator 110. Specifically, the detector 150 included in the battery management device
100 receives these detected values via a network. Then the processor 120 calculates presence
or absence of defect using these detected values.

[0043]

Figure 11 illustrates a configuration example where the detector 130 is connected to
the battery 200. The detector 130 may be configured as a part of the battery management
device 100, or may be configured as another module separated from the battery management
device 100. The detector 130 includes a voltage sensor 131, a temperature sensor 132, and a
current sensor 133 for acquiring the voltage V, the temperature T, and the current [ when
charging or discharging the battery 200.

[0044]

The voltage sensor 131 measures a voltage across terminals (output voltage from the
battery 200) of the battery 200. The temperature sensor 132 is connected to a thermocouple
included in the battery 200, for example, and measures the temperature of the battery 200 via
the thermocouple. The current sensor 133 is connected to a terminal of the battery 200, and
measures the electrical current outputted from the battery 200. The temperature sensor 132 is
optional, and is not necessarily included in the configuration.

[0045]

Figure 12 is an example of a user interface presented by the battery management
device 100. The user interface may be presented on a display device, for example. The user
interface presents a calculated result by the processor 120. The user interface in Figure 12
presents a temporal variation of output voltage in the rest period, as well as an estimated result
on whether the battery has a defect.

[0046]

12



02 Sep 2024

2022266288

<modification of present disclosure>

The present disclosure is not limited to the embodiments as described above, but
includes various modifications. For example, the embodiments are described in detail for
readily understanding of the present disclosure which is not necessarily limited to the one
equipped with all structures as described above. It is possible to replace a part of the structure
of one embodiment with the structure of another embodiment. The structure of one
embodiment may be provided with an additional structure of another embodiment. It is further
possible to add, remove, and replace the other structure to, from and with a part of the structure
of the respective embodiments.

[0047]

In the embodiments above, the relationship data may be stored in the storage unit 140
from the beginning, or may be acquired from a device other than the battery management
device 100 when performing the flowcharts in the embodiments. A temporal change of output
voltage for a non-degraded battery may be acquired from a device other than the battery
management device 100, or may be actually measured by the battery management device 100
itself.

[0048]

In the embodiments above, presence or absence of defect is estimated in the rest
period after discharging the rechargeable battery. However, as long as a temporal change of
output voltage appears which corresponds to presence or absence of defect in the rest period
after charging the battery, the presence or absence of defect can be estimated as in the
embodiments above. It depends on the battery characteristic whether a voltage change appears
which corresponds to presence or absence of defect in the rest period after discharging, in the
rest period after charging, or in both of them. Therefore, depending on the battery
characteristic, the presence or absence of defect may be estimated in any one of them.

[0049]

In the embodiments above, the battery management device 100 and the battery 200

may be configured as an electric power grid system configured by a plurality of the batteries

200. The battery management device 100 may estimate presence or absence of defect of

13
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battery and may control the behavior of the battery. Alternatively, another device may control
the battery 200.
[0049a]

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of integers or steps.

[0049b]

The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge in

the field of endeavour to which this specification relates.

Reference Signs List

[0050]

100 : battery management device
110 : communicator

120 : processor

130 : detector

140 : storage unit

200 : battery

14



02 Sep 2024

2022266288

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

[Claim 1]

A battery management device that manages a state of a battery, comprising:

a detector that acquires a detected value of a voltage outputted from the battery; and

a processor that estimates a state of the battery,

wherein the processor identifies a first period from a start time point at or after an end
time point when the battery finishes charging or discharging to a first time point when a first
duration has elapsed from the start time point,

wherein the processor identifies a second period that starts at a time point after the end
time point and that ends at a second time point after an end time of the first period,

wherein the processor acquires, as a second period difference, a difference of an
output voltage of the battery from start of the second period to end of the second period,

wherein the processor acquires a relationship between the second period difference
and a state of the battery,

wherein the processor refers to the relationship using the second period difference,
thereby estimating a state of the battery,

wherein the processor acquires, as a first period difference, a difference of the output
voltage from start of the first period to end of the first period, and

wherein if a ratio of the first period difference to the second period reference is at or
above a first threshold, the processor estimates that the battery is not in a normal state.
[Claim 2]

The battery management device according to claim 1,

the battery management device further comprising a storage unit that stores data
describing a relationship between the second period difference and the first threshold for each
of time lengths of the first period,

wherein the processor refers to the data using an actually measured value of a time
length of the first period, thereby acquiring the first threshold corresponding to an actually

measured value of time length of the first period, and
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wherein the processor compares the acquired first threshold with the ratio.
[Claim 3]

The battery management device according to claim 1,

wherein the processor acquires the second period difference multiple times,

wherein the processor calculates a first standard deviation of each of the second period
differences, and

wherein if the first standard deviation is at or above a second threshold, the processor
estimates that the battery is not in a normal state.
[Claim 4]

The battery management device according to claim 3,

wherein the processor acquires the second period difference multiple times for the
battery that is not degraded, and calculates a second standard deviation of the acquired second
period differences, and

wherein the processor uses, as the second threshold, a three times of the second
standard deviation.
[Claim 5]

The battery management device according to claim 1,

wherein the processor identifies a third period that starts at a time point after the end
time point and that ends at a third time after an end time of the second period,

wherein the processor acquires multiple times, as a third period difference, a
difference of output voltage of the battery from start of the third period to end of the third
period,

wherein the processor calculates a first standard deviation of each of the third period
differences, and

wherein if the first standard deviation is at or above a second threshold, the processor
estimates that the battery is not in a normal state.
[Claim 6]

The battery management device according to claim 5,

wherein the processor estimates normality of the battery according to a combination
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of : a result of estimating whether the battery is in a normal state by comparing the ratio with
the first threshold ; a result of estimating whether the battery is in a normal state by comparing
the first standard deviation with the second threshold.
[Claim 7]

The battery management device according to claim 1,

wherein the processor acquires, from a device other than the battery management
device, data describing the relationship, thereby acquiring the relationship.
[Claim &]

The battery management device according to claim 1,

wherein the processor actually measures the second period difference for the battery
that is not degraded, thereby acquiring the relationship.
[Claim 9]

The battery management device according to claim 1,

the battery management device further comprising a user interface that presents a
processed result by the processor,

wherein the user interface presents at least one of :

a temporal variation of the output voltage in the second period;
a result acquired by the processor estimating a state of the battery.

[Claim 10]

An electric power system comprising:

the battery management device according to claim 1; and

the battery.
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