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(57) ABSTRACT

A Dbattery discharge undervoltage protection method
includes: acquiring a temperature and a first voltage of a
battery; determining, based on the temperature, a depth of
discharge of the battery; determining, based on the first
voltage, a first remaining capacity proportion of the battery;
and determining, based on the first remaining capacity
proportion, the depth of discharge and a first undervoltage
threshold, a second undervoltage threshold to increase a
discharge capacity proportion of the battery, the first under-
voltage threshold is a preset undervoltage threshold, and the
second undervoltage threshold is a dynamically adjusted
undervoltage threshold.
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Acquire a temperature and a first voltage U, of a battery ( 531
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Determine, based on the temperature, a depth of discharge of |~ S32
the battery

!

Determine, based on the first voltage U, a first remaining — S33
capacity proportion Q, of the battery

v

Determine, based on the first remaining capacity proportion Q,
the depth of discharge and a first undervoltage threshold Uy, a ¢ S34
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Determine, based on a third voltage U; and the second
undervoltage threshold U, of the battery after discharge cutoff, y 835
whether to perform undervoltage protection for the battery
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Charge a battery until a capacity of the battery reaches a full- —— S41
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Acquire a full-charge voltage corresponding to the full-charge |~ S42
capacity
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Discharge the battery until the voltage of the battery reaches a L~ $43
discharge cut-off voltage
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Acquire a voltage of the battery during discharging and a state — S44
of charge corresponding to the voltage

v

Determine, based on the voltage and the state of charge
corresponding to the voltage, a parameter correspondence of | S45
the battery

FIG. 4
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and a depth of discharge, a second remaining capacity {
proportion Q, of a battery
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Determine, based on a parameter correspondence, a second
voltage U, corresponding to the second remaining capacity |~ S342
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Uy, voltage variation AU of the battery
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undervoltage threshold Uy, a second undervoltage threshold U,
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Determine, based on a first remaining capacity proportion Qy, a |~ S3411
first discharge capacity proportion of a battery
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Determine, based on the first discharge capacity proportion and a S3412
depth of discharge, a second remaining capacity proportion Q,
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Determine, based on a preset correspondence between temperature range and $71
depth of discharge, a depth of discharge corresponding to a temperature of — [

10°C as 80%

v

Determine, based on a preset correspondence between open circuit voltage
and remaining capacity proportion, a first remaining capacity proportion — S72
corresponding to a first voltage of 3.25 V as 30%

'

Perform calculation based on the first remaining capacity proportion of 30%, — S73
to obtain that a first discharge capacity proportion is 70%

v

Perform calculation based on the depth of discharge of 80% and the first S74
discharge capacity proportion of 70%, to obtain that loss of the discharge [

capacity proportion of a battery at alow temperature of —10°Cis 10%

v

Perform calculation based on the depth of discharge of 80%, to obtain that a L~ S75
second remaining capacity proportion is 20%

v

Determine, based on the preset correspondence between open circuit voltage — S76
and remaining capacity proportion, a second voltage corresponding to the

second remaining capacity proportion of 20% as 3.15 V

v

Perform calculation based on the first voltage of 3.25 V and the second
voltage of 3.15 V, to obtain that the battery has a voltage variationof 0.1 V |/~ ST1

at a low temperature of —-10°C

Y

Perform calculation based on a first undervoltage threshold of 2.8 V and a
voltage variation of 0.1 V generated by the battery at the low temperature of ST8

—10°C, to obtain that a second undervoltage threshold is 2.7 V

FIG.7
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BATTERY DISCHARGE UNDERVOLTAGE
PROTECTION METHOD, BATTERY
APPARATUS, AND ELECTRIC APPARATUS

CROSS REFERENCE TO THE RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of PCT International Application: PCT/CN2021/
095187 filed on May 21, 2021, the disclosure of which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of battery
technologies, and specifically relates to a battery discharge
undervoltage protection method, a battery apparatus, and an
electric apparatus.

BACKGROUND

[0003] At present, typically, fixed undervoltage protection
points are set for undervoltage protection control for batter-
ies. The fixed undervoltage protection points are set within
a range of 2.8 V to 3.0 V. General protection points are set
as follows: first-level undervoltage alarm is provided at 3.0
V, second-level undervoltage protection is provided at 2.9V,
and third-level undervoltage protection is provided at 2.8 V.
However, when a battery is discharged under low-tempera-
ture conditions, the discharge capacity proportion of the
battery decreases sharply, failing to meet the capacity
requirements of the battery at low temperatures.

SUMMARY

[0004] In view of this, this application provides a battery
discharge undervoltage protection method, a battery appa-
ratus, and an electric apparatus, to resolve the problem of
decreasing discharge capacity proportion of the battery at
low temperatures.

[0005] A  Dbattery discharge undervoltage protection
method according to an embodiment of this application
includes: acquiring a temperature and a first voltage of a
battery; determining, based on the temperature, a depth of
discharge of the battery; determining, based on the first
voltage, a first remaining capacity proportion of the battery;
and determining, based on the first remaining capacity
proportion, the depth of discharge and a first undervoltage
threshold, a second undervoltage threshold to increase a
discharge capacity proportion of the battery, where the first
undervoltage threshold is a preset undervoltage threshold,
and the second undervoltage threshold is a dynamically
adjusted undervoltage threshold.

[0006] In an implementation, the determining, based on
the temperature, a depth of discharge of the battery includes:
determining a temperature range corresponding to the tem-
perature; and determining, based on the temperature range,
the depth of discharge corresponding to the temperature
range.

[0007] In another implementation, the determining, based
on the first voltage, a first remaining capacity proportion of
the battery includes: determining, based on a parameter
correspondence of the battery, the first remaining capacity
proportion corresponding to the first voltage, where the
parameter correspondence refers to a correspondence
between a remaining capacity proportion and an open circuit
voltage.
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[0008] In another implementation, the determining, based
on the first remaining capacity proportion, the depth of
discharge and a first undervoltage threshold, a second under-
voltage threshold includes: determining, based on the first
remaining capacity proportion and the depth of discharge, a
second remaining capacity proportion of the battery; deter-
mining, based on the parameter correspondence, a second
voltage corresponding to the second remaining capacity
proportion; determining, based on the second voltage and
the first voltage, voltage variation of the battery; and deter-
mining, based on the voltage variation and the first under-
voltage threshold, the second undervoltage threshold.
[0009] In another implementation, after the determining,
based on the first remaining capacity proportion, the depth
of discharge and a first undervoltage threshold, a second
undervoltage threshold, the method further includes: acquir-
ing a third voltage of the battery after discharge cutoft; and
determining, based on the second undervoltage threshold
and the third voltage, whether to perform undervoltage
protection for the battery.

[0010] In another implementation, the determining, based
on the second undervoltage threshold and the third voltage,
whether to perform undervoltage protection for the battery
includes: determining a fourth voltage based on the third
voltage; and determining to perform undervoltage protection
for the battery under the condition that the fourth voltage is
less than the second undervoltage threshold.

[0011] In another implementation, before the determining,
based on a parameter correspondence of the battery, the first
remaining capacity proportion corresponding to the first
voltage, the method further includes: charging the battery
until a capacity of the battery reaches a full-charge capacity;
acquiring a full-charge voltage corresponding to the full-
charge capacity; discharging the battery until a voltage of the
battery reaches a discharge cut-off voltage; acquiring a
voltage and a state of charge corresponding to the voltage of
the battery during discharging; and determining the param-
eter correspondence based on the voltage and the state of
charge corresponding to the voltage.

[0012] In another implementation, the determining, based
on the first remaining capacity proportion and the depth of
discharge, a second remaining capacity proportion of the
battery includes: determining, based on the first remaining
capacity proportion, a first discharge capacity proportion of
the battery; and determining, based on the first discharge
capacity proportion and the depth of discharge, the second
remaining capacity proportion.

[0013] A battery apparatus according to another embodi-
ment of this application includes a battery, a processor, and
a memory, where the memory stores a computer program;
and when the computer program is executed by the proces-
sor, the battery discharge undervoltage protection method
according to the foregoing embodiment of this application is
implemented.

[0014] An electric apparatus according to another embodi-
ment of this application includes a load and the battery
apparatus according to the foregoing embodiment of this
application, where the battery apparatus is configured to
provide electrical energy for the load.

[0015] In an implementation, the electric apparatus
includes any one of a drone, an electric vehicle, an electric
tool, and an energy storage product.

[0016] In some embodiments of this application, the sec-
ond undervoltage threshold is determined based on the
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temperature, first voltage, and first undervoltage threshold of
the battery, and then undervoltage thresholds within differ-
ent temperature ranges are determined, so as to select
different undervoltage thresholds from different temperature
ranges. In this way, dynamic adjustment of the undervoltage
threshold is achieved, thus increasing the discharge capacity
proportion of the battery at low temperatures. Moreover, in
some embodiments of this application, whether to perform
undervoltage protection for the battery is determined based
on the second undervoltage threshold and the third voltage
of the battery after discharge cutoff, avoiding early under-
voltage protection for the battery, and guaranteeing the
discharge capacity proportion of the battery at low tempera-
tures.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a curve graph showing voltages and
discharge capacity proportions of a battery at different
temperatures.

[0018] FIG. 2 is a block diagram of a battery apparatus
according to an embodiment of this application.

[0019] FIG. 3 is a flowchart of a battery discharge under-
voltage protection method according to an embodiment of
this application.

[0020] FIG. 4 is a flowchart of a battery discharge under-
voltage protection method according to another embodiment
of this application.

[0021] FIG. 5 is a flowchart of a battery discharge under-
voltage protection method according to still another embodi-
ment of this application.

[0022] FIG. 6 is a flowchart of a battery discharge under-
voltage protection method according to yet another embodi-
ment of this application.

[0023] FIG. 7 is a flowchart of a battery discharge under-
voltage protection method according to still yet another
embodiment of this application.

[0024] FIG. 8 is a curve showing open circuit voltages of
a battery in different operating states.

[0025] FIG. 9 is a curve showing open circuit voltages of
a battery at different temperatures after discharge cutoff.

REFERENCE SIGNS OF MAIN COMPONENTS
[0026]

10 electric apparatus
11 load

20 battery apparatus
21 memory

22 processor

23 battery

24 sensor

DETAILED DESCRIPTION

[0027] To understand the foregoing objectives, features,
and advantages of this application more clearly, the follow-
ing describes this application in detail with reference to the
accompanying drawings and specific embodiments. It
should be noted that, without conflict, some embodiments
and the features in these embodiments of this application
may be combined with each other. Various details are
elaborated in the following description for full understand-
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ing of this application. The described embodiments are
merely some but not all of the embodiments of this appli-
cation.

[0028] It should be noted that although the flowchart
illustrates a logic sequence, in some cases, the illustrated or
described steps may be implemented in a sequence differing
from that in the flowchart. The method disclosed in some
embodiments of this application includes one or more steps
or actions for implementing the method. The steps and/or
actions of the method may be interchangeably performed
without departing from the scope of the claims. In other
words, unless a particular sequence is specified for the steps
or actions, the sequence and/or use of specific steps and/or
actions can be modified without departing from the scope of
the claims.

[0029] FIG. 1 is a curve graph showing voltages and
discharge capacity proportions of a battery at different
temperatures. S11 is a curve showing voltages and discharge
capacity proportions at a discharge rate of 0.3C at 45° C. S12
is a curve showing voltages and discharge capacity propor-
tions at the discharge rate of 0.3C at 25° C. S13 is a curve
showing voltages and discharge capacity proportions at the
discharge rate of 0.3C at 15° C. S14 is a curve showing
voltages and discharge capacity proportions at the discharge
rate of 0.3C at 0° C. S15 is a curve showing voltages and
discharge capacity proportions at the discharge rate of 0.3C
at =10° C. S16 is a curve showing voltages and discharge
capacity proportions at the discharge rate of 0.3C at -20° C.
[0030] As shown in FIG. 1, under a same discharge rate
(for example, 0.3C), the battery has different discharge
capacity proportions at different temperatures. As the tem-
perature decreases, the discharge capacity proportion of the
battery decreases sharply.

[0031] In some embodiments of this application, tempera-
ture refers to an ambient temperature, and the battery being
at different temperatures means that the battery is at different
ambient temperatures.

[0032] In some embodiments of this application, voltage
refers to an open circuit voltage (Open Circuit Voltage,
OCV) of the battery, that is, a terminal voltage of the battery
in an open-circuit state.

[0033] In some embodiments of this application, the dis-
charge capacity proportion refers to a proportion of dis-
charge capacity of the battery compared to its rated capacity.
[0034] Table 1 shows the discharge capacity proportions
of the battery at different temperatures. Referring to FIG. 1
and Table 1, firstly, the battery is charged at a same charge
rate (for example, 0.3C) at a same temperature (for example,
25° C.). Secondly, the battery is discharged at a same
discharge rate (for example, 0.3C) at different temperatures
until the voltage of the battery reaches a discharge cut-off
voltage (for example, 2.5 V). Lastly, the discharge capacity
proportion of the battery is determined. It can be learned
from Table 1 that as the temperature decreases, the discharge
capacity proportion of the battery decreases sharply.

TABLE 1

Discharge capacity proportions of battery at different temperatures

Discharge Discharge

cut-off capacity
Item Charge/discharge rate voltage  proportion
Discharge Charge CC: 25° C.,03 C 25V 102%
capacity Discharge DC: 45° C., 0.3 C
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TABLE 1-continued

Discharge capacity proportions of battery at different temperatures

Discharge Discharge

cut-off capacity
Item Charge/discharge rate voltage  proportion
proportions at Charge CC: 25° C.,, 0.3 C 100.0%
charge/ Discharge DC: 25° C., 0.3 C
discharge Charge CC: 25° C.,, 0.3 C 96.5%
rate of Discharge DC: 15° C., 0.3 C
0.3 C under Charge CC: 25° C.,, 0.3 C 83%
different Discharge DC: 0° C., 0.3 C
temperatures Charge CC: 25° C.,, 0.3 C 70%
Discharge DC: -10° C.,, 0.3 C
Charge CC: 25° C.,, 0.3 C 54%
Discharge DC: -20° C.,, 0.3 C
[0035] As the discharge capacity proportion of the battery

at low temperatures decreases sharply, the discharge capac-
ity proportion of the battery at low temperatures cannot meet
the requirements.

[0036] In view of this, this application provides a battery
discharge undervoltage protection method, a battery appa-
ratus, and an electric apparatus, so as to increase the dis-
charge capacity proportion of the battery at low tempera-
tures.

[0037] FIG.2 is a block diagram of a battery apparatus 20.
As shown in FIG. 2, the battery apparatus 20 includes a
memory 21, a processor 22, a battery 23, and a sensor 24.
These components may be connected through buses or may
be connected directly.

[0038] The memory 21 is configured to store program
code and various data and to implement access to programs
or data during running of the battery apparatus 20. The
memory 21 may be an internal memory of the battery
apparatus 20, that is, a memory built in the battery apparatus
20. In other implementations, the memory 21 may alterna-
tively be an external memory of the battery apparatus 20,
that is, a memory externally connected to the battery appa-
ratus 20.

[0039] The memory 21 includes volatile or non-volatile
storage devices, for example, digital versatile discs (Digital
Versatile Disc, DVD), other discs, hard disks, smart media
cards (Smart Media Card, SMC), secure digital (Secure
Digital, SD) cards, and flash cards (Flash Card).

[0040] The processor 22 includes a central processing unit
(Central Processing Unit, CPU), a digital signal processor
(Digital Signal Processor, DSP), an application-specific inte-
grated circuit (Application Specific Integrated Circuit,
ASIC), a field-programmable gate array (Field-Program-
mable Gate Array, FPGA) or another programmable logic
device, a discrete gate or transistor logic device, a discrete
hardware component, or the like.

[0041] In an implementation, the battery 23 is a recharge-
able battery configured to provide electrical energy for the
battery apparatus 20. For example, the battery 23 may be a
lead-acid battery, a nickel-cadmium battery, a nickel-metal
hydride battery, a lithium-ion battery, a lithium polymer
battery, a lithium iron phosphate battery, or the like. The
battery 23 includes a cell. The sensor 24 may be disposed on
a surface of the cell and is configured to acquire an ambient
temperature by measuring the temperature of the surface of
the cell. In an implementation, the sensor 24 is a negative
temperature coeflicient (Negative Temperature Coefficient,
NTC) thermistor. It can be understood that the battery
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apparatus 20 may further include other sensors, for example,
a voltage sensor, a current sensor, a light sensor, a gyro-
scope, a hygrometer, and an infrared sensor.

[0042] It can be understood that the battery apparatus 20
may alternatively include more or fewer components or have
a different configuration of components. The battery appa-
ratus 20 may be used in an electric apparatus 10. The electric
apparatus 10 includes but is not limited to a drone, an
electric vehicle, an electric tool, and an energy storage
product. The electric tool includes but is not limited to an
electric screw driver, an electric drill, an electric wrench, an
angle grinder, a steel rolling mill, an electric pick, an electric
hammer, a marble cutter, and a jig saw. The energy storage
product includes but is not limited to a mobile phone, a tablet
computer, an e-reader, a computer, a work station, a server,
a personal digital assistant (Personal Digital Assistant,
PDA), a portable multimedia player (Portable Multimedia
Player, PMP), a mobile medical device, a camera, a wear-
able device, a photovoltaic inverter, a wind power converter,
an energy storage system, a new energy vehicle drive
system, and a photovoltaic device.

[0043] In an implementation, the electric apparatus 10
includes the battery apparatus 20 and a load 11, where the
battery apparatus 20 is configured to provide electrical
energy for the load 11.

[0044] The load 11 includes but is not limited to a refrig-
erator, a cold drink machine, an air conditioner, a fan, an
exhaust fan, an air cooling and heating machine, an air
dehumidifier, a laundry machine, a clothes dryer, an electric
iron, a vacuum collector, a floor waxing machine, a micro-
wave oven, an induction cooker, an electric oven, a rice
cooker, a dishwasher, an electric water heater, an electric
blanket, am electric quilt, electric clothes, a space heater, an
electric razor, an electric hair dryer, a curling iron, an
ultrasonic facial cleaner, an electric massager, a mini pro-
jector, a television, a radio, a tape recorder, a video recorder,
a camera, a combination stereo, a smoke alarm, an electric
bell, an electric lamp, and a computer.

[0045] In an implementation, the battery apparatus 20
further includes a battery management system (Battery
Management System, BMS). The battery 23 is connected to
the processor 22 through the battery management system, so
as to implement functions such as charging, discharging, and
power consumption management through the battery man-
agement system. The battery management system may be in
communication connection with a power conversion system
(Power Conversion System, PCS).

[0046] FIG. 3 is a flowchart of a battery discharge under-
voltage protection method according to an embodiment. The
battery discharge undervoltage protection method includes
the following steps.

[0047] S31. Acquire a temperature and a first voltage U,
of the battery 23.

[0048] In this embodiment, the temperature of the battery
23 refers to a temperature of an environment in which the
battery 23 is located. When the battery 23 is in an idle state,
the temperature and the first voltage U, of the battery 23 are
acquired. The idle state refers to a state in which the battery
23 has a charge or discharge current approaching 0 A. In an
implementation, a state in which the battery 23 has a charge
or discharge current of less than 0.5 A is defined as the idle
state.

[0049] Specifically, the battery apparatus 20 acquires the
temperature (for example, any temperature within -20° C. to



US 2024/0085483 Al

50° C.) of the battery 23 through the sensor 24. The battery
apparatus 20 acquires the first voltage U, (for example, any
voltage within 2.0 V to 3.6 V) of the battery 23 through the
battery management system.

[0050] In this embodiment, the battery apparatus 20 can
acquire the temperature and first voltage U, of the battery 23
in real time or acquire the temperature and first voltage U,
of the battery 23 according to a preset time interval (for
example, 1 s or 2 s). The preset time interval may be
determined according to specific requirements.

[0051] S32. Determine, based on the temperature, a depth
of discharge (Depth of Discharge, DOD) of the battery 23.
[0052] In this embodiment, the depth of discharge (DOD)
refers to a proportion of discharge capacity of the battery 23
compared with its rated capacity. It can be understood that
in this embodiment of this application, a value of the depth
of discharge of the battery 23 is equal to a value of the
discharge capacity proportion.

[0053] In an implementation, the battery apparatus 20
determines, based on the acquired temperature, a tempera-
ture range corresponding to the temperature. It can be
understood that the depth of discharge is in certain corre-
spondence with the temperature range. When the battery 23
is in different temperature ranges, its depth of discharge also
varies accordingly. When the temperature range is deter-
mined, the depth of discharge is also determined accord-
ingly. For example, when the temperature range is 15° C. to
45° C., the depth of discharge is 95%. When the temperature
range is —=20° C. to —=10° C., the depth of discharge is 70%.
[0054] It can be understood that the correspondence
between the depth of discharge and the temperature range
may be determined according to design requirements of the
battery 23. For example, the depths of discharge of the
battery 23 within different temperature ranges may be preset
at the beginning of the design of the battery 23.

[0055] S33. Determine, based on the first voltage U,, a
first remaining capacity proportion Q, of the battery 23.
[0056] In this embodiment, the remaining capacity pro-
portion Q is in certain correspondence with open circuit
voltage U of the battery 23. When a value of the open circuit
voltage U is determined, a value of the remaining capacity
proportion Q is also determined correspondingly. For
example, when the open circuit voltage U is 3.6 V, the
remaining capacity proportion Q is 100%. When the open
circuit voltage U is 3.3 V, the remaining capacity proportion
Q is 80%.

[0057] In this embodiment, the remaining capacity pro-
portion Q refers to a proportion of a remaining capacity of
the battery 23 compared to its rated capacity. It can be
understood that in this embodiment of this application, a
sum of the value of the remaining capacity proportion Q and
the value of the discharge capacity proportion of the battery
23 is 100%.

[0058] It can be understood that the correspondence
between the remaining capacity proportion Q and the open
circuit voltage U may be determined according to design
requirements of the battery 23. For example, the correspon-
dence between the remaining capacity proportion Q and the
open circuit voltage U may be preset at the beginning of the
design of the battery 23. In an implementation, the corre-
spondence between the remaining capacity proportion Q and
the open circuit voltage U is a positive correlation.

[0059] In an implementation, the battery apparatus 20
determines, based on a parameter correspondence of the
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battery 23, the first remaining capacity proportion Q, cor-
responding to the first voltage U,. The parameter correspon-
dence refers to a correspondence between the remaining
capacity proportion Q and the open circuit voltage U.
[0060] In this embodiment of this application, the first
voltage U, as well as a second voltage U,, a third voltage U,
and a fourth voltage U, described below are all open circuit
voltage values of the battery 23.

[0061] In an implementation, referring to FIG. 4, before
step S33, the battery discharge undervoltage protection
method may further include the following steps.

[0062] S41. Charge the battery 23 until the capacity of the
battery 23 reaches a full-charge capacity.

[0063] In this embodiment, the full-charge capacity refers
to a situation that the state of charge (State of Charge, SOC)
of the battery 23 is 100%.

[0064] In this embodiment, the battery apparatus 20 may
charge the battery 23 in a constant-current charging (Con-
stant-Current Charging, CC) manner, in a constant-voltage
charging (Constant-Voltage Charging, CV) manner, or in a
constant-current and constant-voltage charging (CC-CV)
manner. [t can be understood that the charging manner of the
battery 23 is not limited in this application.

[0065] S42. Acquire a full-charge voltage corresponding
to the full-charge capacity.

[0066] In this embodiment, when a charge current is not
greater than a preset charge rate (for example, 0.05C) and
the capacity of the battery 23 reaches the full-charge capac-
ity, the battery apparatus 20 acquires a voltage of the battery
23, where this voltage is the full-charge voltage.

[0067] S43. Discharge the battery 23 until the voltage of
the battery 23 reaches a discharge cut-off voltage.

[0068] In this embodiment, the discharge cut-off voltage
refers to a voltage at which discharge of the battery 23 is
stopped for preventing overdischarge of the battery 23.
[0069] It can be understood that the discharge cut-off
voltage may be determined according to design require-
ments of the battery 23. For example, when the temperature
range is 15° C. to 45° C., the discharge cut-off voltage is
preset to 2.8 V. When the temperature range is -20° C. to
-10° C., the discharge cut-off voltage is preset to 2.1 V.
[0070] In this embodiment, the battery apparatus 20 may
discharge the battery 23 at a preset discharge rate (for
example, 0.3C, 0.5C, or 1.0C). It can be understood that a
value of the preset discharge rate is not limited in this
application.

[0071] S44. Acquire a voltage and a state of charge (SOC)
corresponding to the voltage of the battery 23 during dis-
charging.

[0072] In this embodiment, during discharging of the
battery 23, the battery apparatus 20 may acquire the voltage
of the battery 23 and the state of charge (SOC) correspond-
ing to the voltage in real time through the battery manage-
ment system. A value of the state of charge (SOC) is equal
to a value of the remaining capacity proportion Q.

[0073] S45. Determine, based on the voltage and the state
of charge (SOC) corresponding to the voltage, the parameter
correspondence of the battery 23.

[0074] In this embodiment, the parameter correspondence
refers to a correspondence between the remaining capacity
proportion Q and the open circuit voltage U.

[0075] In this embodiment, the battery apparatus 20 may
perform fitting, based on the voltage of the battery 23 during
discharging and the state of charge (SOC) corresponding to
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the voltage, to obtain a characteristic curve of open circuit
voltage and state of charge (OCV-SOC) of the battery 23.
[0076] It can be understood that a characteristic curve of
open circuit voltage U and remaining capacity proportion Q
(that is, the parameter correspondence) of the battery 23 is
the same as the characteristic curve of open circuit voltage
and state of charge (OCV-SOC).

[0077] It can be understood that the foregoing steps S41 to
S45 are specific steps for acquiring the parameter correspon-
dence of the battery 23 in an implementation.

[0078] S34. Determine, based on the first remaining
capacity proportion Q,, the depth of discharge and a first
undervoltage threshold U, a second undervoltage threshold
U..

[0079] In this embodiment of this application, the first
undervoltage threshold U, is a preset undervoltage threshold
(for example, 2.8 V, 2.9 V, or 3.0 V), and the second
undervoltage threshold U, is a dynamically adjusted under-
voltage threshold (for example, 2.1V, 2.2 V, or 2.4 V).
[0080] In an implementation, referring to FIG. 5, step S34
may include the following sub-steps.

[0081] S341. Determine, based on the first remaining
capacity proportion Q; and the depth of discharge, a second
remaining capacity proportion Q, of the battery 23.

[0082] In this embodiment, the battery apparatus 20 may
determine, based on the first remaining capacity proportion
Q; and the depth of discharge, the second remaining capac-
ity proportion Q, of the battery 23.

[0083] In an implementation, referring to FIG. 6, step
S341 may include the following sub-steps.

[0084] S3411. Determine, based on the first remaining
capacity proportion Q,, a first discharge capacity proportion
of the battery 23.

[0085] In this embodiment, a sum of the first remaining
capacity proportion Q, and the first discharge capacity
proportion is 100%. The first discharge capacity proportion
may be calculated as (100%-Q), ) based on the first remaining
capacity proportion Q,.

[0086] S3412. Determine, based on the first discharge
capacity proportion and the depth of discharge, the second
remaining capacity proportion Q,.

[0087] Inthis embodiment, the depth of discharge is preset
to DOD,, and when the first discharge capacity proportion is
equal to the depth of discharge (that is, 100%-Q,=DOD,),
it indicates that a current temperature does not affect the
discharge capacity proportion of the battery 23, and the
second remaining capacity proportion Q, is equal to the first
remaining capacity proportion Q, (that is, Q,=Q,). In this
case, the first undervoltage threshold U, does not need to be
adjusted.

[0088] When the first discharge capacity proportion is less
than the depth of discharge (that is, 100%-Q,<DOD,), it
indicates that a current temperature results in a decrease in
the discharge capacity proportion of the battery 23, and the
second remaining capacity proportion Q,=100%-DOD,. In
this case, the first undervoltage threshold U, needs to be
reduced, to be specific, the first undervoltage threshold Uy, is
adjusted to the second undervoltage threshold U, so as to
increase the discharge capacity proportion of the battery 23.
[0089] It can be understood that due to the influence of low
temperatures, the first discharge capacity proportion of the
battery 23 decreases compared to the preset depth of dis-
charge DOD,. In other words, the battery 23 loses part of the
discharge capacity proportion under low temperatures, that
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is, DOD,-(100%-Q),). In order to increase the discharge
capacity proportion of the battery 23 under low tempera-
tures, the first undervoltage threshold U, needs to be reduced
to compensate for the loss of the discharge capacity propor-
tion of the battery 23 under low temperatures.

[0090] It can be understood that after the first undervoltage
threshold Uy, is reduced (that is, after the discharge cut-off
voltage is reduced), the battery 23 can discharge a larger
capacity.

[0091] S342. Determine, based on the parameter corre-
spondence, a second voltage U, corresponding to the second
remaining capacity proportion Q,.

[0092] In this embodiment, the battery apparatus 20 may
determine, based on the parameter correspondence of the
battery 23, the second voltage U, corresponding to the
second remaining capacity proportion Q,.

[0093] It can be understood that when the first discharge
capacity proportion is less than the depth of discharge (that
is, 100%-Q,<DOD,), the first remaining capacity propor-
tion Q, is greater than the second remaining capacity pro-
portion Q, (that is, Q,>Q,). Correspondingly, the first volt-
age U, is greater than the second voltage U, (thatis, U,>U,).
[0094] S343. Determine, based on the second voltage U,
and the first voltage U, voltage variation AU of the battery
23.

[0095] In this embodiment, the voltage variation AU=U, -
U, of the battery 23 is U,-U,. It can be understood that the
voltage variation AU is resulted from the influence of low
temperatures on the battery 23.

[0096] S344. Determine, based on the voltage variation
AU and the first undervoltage threshold U,, the second
undervoltage threshold U..

[0097] In this embodiment, to compensate for the loss of
the discharge capacity proportion (that is, DOD, —-(100%-
Q,)) of the battery 23 at low temperatures, the second
undervoltage threshold U_=U,-AU.

[0098] It can be understood that when the first undervolt-
age threshold U, is adjusted to the second undervoltage
threshold U_=U,-AU, a capacity proportion for subsequent
discharge of the battery 23 is DOD,-(100%-Q),).

[0099] Refer to FIG. 7. FIG. 7 is a flowchart of a battery
discharge undervoltage protection method according to an
embodiment of this application. It is assumed that the
discharge rate is 0.3C, the temperature of the battery 23 is
-10° C., the first voltage is 3.25 V, and the preset first
undervoltage threshold is 2.8 V.

[0100] It can be understood that when the value of the
discharge rate varies, the value of the first undervoltage
threshold should be adjusted accordingly.

[0101] The battery discharge undervoltage protection
method includes the following steps.

[0102] S71. Determine, based on a preset correspondence
between temperature range and depth of discharge, a depth
of discharge corresponding to a temperature of -10° C. as
80%.

[0103] In this embodiment, based on the preset correspon-
dence between the temperature range and the depth of
discharge, the depths of discharge corresponding to tem-
peratures within —10° C. to 0° C. are all 80%.

[0104] S72. Determine, based on a preset correspondence
between open circuit voltage and remaining capacity pro-
portion, a first remaining capacity proportion corresponding
to a first voltage of 3.25 V as 30%.
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[0105] In this embodiment, the correspondence between
open circuit voltage and remaining capacity proportion is a
positive correlation. Based on a characteristic curve of the
preset open circuit voltages and remaining capacity propor-
tions, it can be determined that the first remaining capacity
proportion corresponding to the first voltage of 3.25 V is
30%.

[0106] S73. Perform calculation based on the first remain-
ing capacity proportion of 30%, to obtain that a first dis-
charge capacity proportion is 70%.

[0107] In this embodiment, a sum of the first remaining
capacity proportion and the first discharge capacity propor-
tion is 100%.

[0108] S74. Perform calculation based on the depth of
discharge of 80% and the first discharge capacity proportion
of 70%, to obtain that the loss of the discharge capacity
proportion of the battery 23 at a low temperature of -10° C.
is 10%.

[0109] In this embodiment, the discharge capacity propor-
tion of the battery 23 decreases at low temperatures. In this
embodiment, the discharge capacity proportion of the bat-
tery 23 at a low temperature of —10° C. decreases by 10%.
[0110] S75. Perform calculation based on the depth of
discharge of 80%, to obtain that a second remaining capacity
proportion is 20%.

[0111] Inthis embodiment, a sum of the depth of discharge
and the second remaining capacity proportion is 100%.
[0112] S76. Determine, based on the preset correspon-
dence between open circuit voltage and remaining capacity
proportion, a second voltage corresponding to the second
remaining capacity proportion of 20% as 3.15 V.

[0113] In this embodiment, based on a characteristic curve
of the preset open circuit voltage and remaining capacity
proportion, the second voltage corresponding to the second
remaining capacity proportion of 20% can be determined as
3.15V.

[0114] S77. Perform calculation based on the first voltage
01'3.25 V and the second voltage of 3.15 V, to obtain that the
battery 23 has a voltage variation of 0.1 V at a low
temperature of -10° C.

[0115] It can be understood that the voltage variation of
0.1 V generated by the battery 23 at the low temperature of
-10° C. corresponds to the loss of 10% of the discharge
capacity proportion.

[0116] S78. Perform calculation based on the first under-
voltage threshold of 2.8 V and the voltage variation of 0.1
V generated by the battery 23 at the low temperature of —10°
C., to obtain that the second undervoltage threshold is 2.7 V.

[0117] It can be understood that when the first undervolt-
age threshold 0of 2.8 V is adjusted to the second undervoltage
threshold of 2.7 V, a capacity proportion for subsequent
discharge of the battery 23 is 10%, which can compensate
for the loss of 10% of the discharge capacity proportion of
the battery 23 at the low temperature of -10° C.

[0118] It can be understood that the foregoing steps S71 to
S78 are specific steps for determining an undervoltage
threshold required when the battery 23 is at the low tem-
perature of —=10° C. in an implementation. All parameter
values in the foregoing steps S71 to S78 are exemplary
values. In other words, in other scenarios, the parameter
values measured and calculated by the battery apparatus 20
vary accordingly with different preset parameter values. In
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other implementations, the dynamically adjusted undervolt-
age threshold may be determined according to specific
application scenarios.

[0119] Refer to FIG. 8. FIG. 8 is a curve showing open
circuit voltages of the battery 23 in different operating states.
The operating states include an idle state, a charging state,
and a discharging state. A full-charge voltage and a charge
cut-off voltage can be determined based on an open circuit
voltage curve of the battery 23 in the charging state. A
discharge cut-off voltage can be determined based on an
open circuit voltage curve of the battery 23 in the discharg-
ing state, and the discharge cut-off voltage is the first
undervoltage threshold U, or the second undervoltage
threshold U,. A depth of discharge variation of the battery 23
from the full-charge voltage to full discharge can be seen
from an open circuit voltage curve of the battery 23 in the
idle state. A depth of discharge variation of the battery 23
from the charge cut-off voltage to the discharge cut-off
voltage and a voltage variation measured after discharge
cutoff can be seen from the open circuit voltage curve of the
battery 23 in the discharging state. Apparently, with reduc-
tion of the discharge cut-off voltage, the depth of discharge
of the battery 23 increases accordingly, and the discharge
capacity proportion of the battery 23 also increases accord-
ingly.

[0%2}]0] In an implementation, the battery apparatus 20 can
preset the second undervoltage thresholds U, within differ-
ent temperature ranges, so as to select different undervoltage
thresholds within the different temperature ranges, thus
achieving dynamic adjustment of the undervoltage thresh-
olds.

[0121] Table 2 shows undervoltage thresholds and dis-
charge capacity proportions of the battery 23 within different
temperature ranges. Firstly, the battery 23 is charged at a
same charge rate (for example, 0.3C) at a same temperature
(for example, 25° C.). Secondly, the battery 23 is discharged
at a same discharge rate (for example, 0.3C) at different
temperatures until the voltage of the battery 23 reaches a
discharge cut-off voltage. The temperature ranges are speci-
fied. For example, a first temperature range is 15° C. to 45°
C., a second temperature range is 0° C. to 15° C., a third
temperature range is —10° C. to 0° C., and a fourth tem-
perature range is -20° C. to -10° C. Lastly, discharge
capacity proportions of the battery 23 within different tem-
perature ranges at the first undervoltage threshold (for
example, 2.8 V) and discharge capacity proportions of the
battery 23 within different temperature ranges at the second
undervoltage threshold (for example, 2.8 V, 2.4V, 2.2V, or
2.1 V) are determined. It can be learned from Table 2 that
below 0° C., compared with a discharge capacity proportion
of the battery 23 at the first undervoltage threshold (that is,
the preset undervoltage threshold), the discharge capacity
proportion of the battery 23 at the second undervoltage
threshold (that is, a dynamically adjusted undervoltage
threshold) increases significantly, indicating that adjusting
the first undervoltage threshold to the second undervoltage
threshold can significantly improve the discharge perfor-
mance of the battery 23 at low temperatures. For example,
within the fourth temperature range of -20° C. to -10° C.,
after the first undervoltage threshold (that is, 2.8 V) is
adjusted to the second undervoltage threshold (that is, 2.1
V), the discharge capacity proportion of the battery 23
increases from 30% to 70%, greatly improving the discharge
performance of the battery 23 at low temperatures.
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TABLE 2
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Undervoltage thresholds and discharge capacity proportions
of battery 23 within different temperature ranges

First
undervoltage
threshold

Discharge
capacity
proportion

Charge/discharge
rate

Temperature
range

Second
undervoltage
threshold

Discharge
capacity
proportion

Charge CC: 25° C,,
03C

Discharge DC:
45°C,03C
Charge CC: 25° C,,
03C

Discharge DC:
25°C.,03C
Charge CC: 25° C,,
03C

Discharge DC:
15°C,03C
Charge CC: 25° C,,
03C

Discharge DC:
0°C.,03C
Charge CC: 25° C,,
03C

Discharge DC: -10°
C,03C

Charge CC: 25° C,,
03C

Discharge DC: -20°
C,03C

15° C. to 45° C. 28V 102% 28V

100.0%

96.5%

0°C.to 15° C. 75% 24V

-10° C. to 0° C. 60% 22V

-20° C. to 10° C. 30% 21V

102%

100.0%

96.5%

90%

80%

70%

[0122] In an implementation, after step S34, the battery
discharge undervoltage protection method may further
include the following steps.

[0123] S35. Determine, based on the third voltage U; of
the battery 23 after discharge cutoff and the second under-
voltage threshold U,, whether to perform undervoltage
protection for the battery 23.

[0124] It can be understood that the battery apparatus 20
may acquire the third voltage U, through the battery man-
agement system. After discharge cutoff of the battery 23,
there are two cases:

[0125] (1) The third voltage U, of the battery 23 is greater
than the second undervoltage threshold U, (that is, U;>U).
To be specific, the third voltage U; has not reached the
discharge cut-off voltage (that is, the second undervoltage
threshold U,). In this case, the battery 23 can continue to be
discharged, and certainly no undervoltage protection is
required for the battery 23.

[0126] (2) The third voltage U of the battery 23 is equal
to the second undervoltage threshold U, (that is, U;=U,). To
be specific, the third voltage U, has reached the discharge
cut-off voltage (that is, the second undervoltage threshold
U,). If the battery 23 continues to be discharged, it may
cause irreversible capacity loss of the battery 23. In this case,
undervoltage protection is required for the battery 23.
[0127] The following describes the foregoing step S35 in
a specific application scenario.

[0128] It is assumed that the temperature of the battery 23
is =10° C., based on the preset first undervoltage threshold
of 2.8 V, the second undervoltage threshold obtained after
adjustment is determined as 2.2 V, that is, the discharge
cut-off voltage is 2.2 V.

[0129] After discharge cutoff of the battery 23, when the
third voltage acquired by the battery management system is
2.3V, the third voltage of 2.3 V is greater than the discharge

cut-off voltage of 2.2 V, indicating that the voltage of the
battery 23 has not reached the discharge cut-off voltage of
2.2 V and the battery 23 can continue to be discharged, that
is, no undervoltage protection is required for the battery 23.
[0130] When the third voltage acquired by the battery
management system is 2.2 V, the third voltage of 2.2 V is
equal to the discharge cut-off voltage of 2.2 V. If the battery
23 continues to be discharged, it may cause irreversible
capacity loss of the battery 23. In this case, undervoltage
protection is required for the battery 23.

[0131] It can be understood that after discharge cutoff of
the battery 23, the third voltage U, changes dynamically and
tends to be stable after a period of time. In this embodiment,
the third voltage U, tending to be stable means that a change
rate of the third voltage U, approaches 0 within a preset time
period. In this embodiment, the third voltage U, tending to
be stable is defined as a fourth voltage U,.

[0132] In an implementation, whether to perform under-
voltage protection for the battery 23 is determined based on
the second undervoltage threshold U, and the fourth voltage
U, measured after discharge cutoff of the battery 23.
[0133] Specifically, if the fourth voltage U, is greater than
the second undervoltage threshold U, (that is, U,>U,), the
battery 23 continues to be discharged. Specifically, if the
fourth voltage U, is less than the second undervoltage
threshold U, (that is, U,<U,), it is determined that under-
voltage protection is to be performed for the battery 23.
[0134] Refer to FIG. 9. FIG. 9 is a curve showing open
circuit voltages of the battery 23 at different temperatures
after discharge cutoff. S91 is a curve showing voltages and
discharge capacity proportions at a discharge rate of 0.3C at
45° C. S92 is a curve showing voltages and discharge
capacity proportions at the discharge rate of 0.3C at 25° C.
S93 is a curve showing voltages and discharge capacity
proportions at the discharge rate of 0.3C at 15° C. S94 is a
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curve showing voltages and discharge capacity proportions
at the discharge rate of 0.3C at 0° C. S95 is a curve showing
voltages and discharge capacity proportions at the discharge
rate of 0.3C at -10° C. 896 is a curve showing voltages and
discharge capacity proportions at the discharge rate of 0.3C
at =20° C. In the curves S93, S94, S95, and S96, after the
voltage has reached the second undervoltage threshold U, a
dotted line part shows a rebound trend of the voltage.
[0135] The battery 23 is discharged at a same discharge
rate (for example, 0.3C) under different temperatures.
Apparently, at the same discharge rate, different tempera-
tures correspond to different second undervoltage thresholds
U,. As the temperature decreases, the second undervoltage
threshold U, decreases correspondingly. When the tempera-
ture changes, the second undervoltage threshold U, needs to
be dynamically adjusted.

[0136] Inan implementation, the battery apparatus 20 may
automatically adjust the second undervoltage threshold U,
through the battery management system. For example, when
the temperature decreases from -10° C. to -20° C., the
battery management system correspondingly adjusts the
second undervoltage threshold U, from 2.2 Vto 2.1 V.
[0137] The foregoing describes some embodiments of this
application in detail with reference to the accompanying
drawings, but this application is not limited to the foregoing
embodiments. Various variations may also be made without
departing from the principle of this application in the
knowledge scope of persons skilled in the related art. In
addition, without conflict, some embodiments and the fea-
tures in these embodiments of this application may be
combined with each other.

What is claimed is:

1. A battery discharge undervoltage protection method,
wherein the method comprises:

acquiring a temperature and a first voltage of a battery;

determining, based on the temperature, a depth of dis-

charge of the battery;

determining, based on the first voltage, a first remaining

capacity proportion of the battery; and

determining, based on the first remaining capacity pro-

portion, the depth of discharge and a first undervoltage
threshold, a second undervoltage threshold to increase
a discharge capacity proportion of the battery, wherein
the first undervoltage threshold is a preset undervoltage
threshold, and the second undervoltage threshold is a
dynamically adjusted undervoltage threshold.

2. The battery discharge undervoltage protection method
according to claim 1, wherein the determining, based on the
temperature, a depth of discharge of the battery comprises:

determining a temperature range corresponding to the

temperature; and

determining, based on the temperature range, the depth of

discharge corresponding to the temperature range.

3. The battery discharge undervoltage protection method
according to claim 1, wherein the determining, based on the
first voltage, a first remaining capacity proportion of the
battery comprises:

determining, based on a parameter correspondence of the

battery, the first remaining capacity proportion corre-
sponding to the first voltage, wherein the parameter
correspondence refers to a correspondence between a
remaining capacity proportion and an open circuit
voltage.
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4. The battery discharge undervoltage protection method
according to claim 3, wherein the determining, based on the
first remaining capacity proportion, the depth of discharge
and a first undervoltage threshold, a second undervoltage
threshold comprises:

determining, based on the depth of discharge, a second

remaining capacity proportion of the battery;

determining, based on the parameter correspondence, a

second voltage corresponding to the second remaining
capacity proportion;
determining, based on the second voltage and the first
voltage, a voltage variation of the battery; and

determining, based on the voltage variation and the first
undervoltage threshold, the second undervoltage
threshold.

5. The battery discharge undervoltage protection method
according to claim 1, wherein after the determining, based
on the first remaining capacity proportion, the depth of
discharge and the first undervoltage threshold, a second
undervoltage threshold, the method further comprises:

acquiring a third voltage of the battery after discharge

cutoff; and

determining, based on the second undervoltage threshold

and the third voltage, whether to perform undervoltage
protection for the battery.

6. The battery discharge undervoltage protection method
according to claim 5, wherein the determining, based on the
second undervoltage threshold and the third voltage,
whether to perform undervoltage protection for the battery
comprises:

determining a fourth voltage based on the third voltage;

and

determining to perform undervoltage protection for the

battery under the condition that the fourth voltage is
less than the second undervoltage threshold.

7. The battery discharge undervoltage protection method
according to claim 3, wherein before the determining, based
on a parameter correspondence of the battery, the first
remaining capacity proportion corresponding to the first
voltage, the method further comprises:

charging the battery until a capacity of the battery reaches

a full-charge capacity;

acquiring a full-charge voltage corresponding to the full-

charge capacity;

discharging the battery until a voltage of the battery

reaches a discharge cut-off voltage;
acquiring a voltage and a state of charge corresponding to
the voltage of the battery during discharging; and

determining the parameter correspondence based on the
voltage and the state of charge corresponding to the
voltage.

8. The battery discharge undervoltage protection method
according to claim 4, wherein the determining, based on the
depth of discharge, a second remaining capacity proportion
of the battery, comprises:

100% minus the depth of discharge is the second remain-

ing capacity proportion.

9. A battery apparatus, wherein the battery apparatus
comprises a battery, a processor, and a memory; the memory
stores a computer program; and when the computer program
is executed by the processor, the battery discharge under-
voltage protection method according to claim 1 is imple-
mented.
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10. An electric apparatus, wherein the electric apparatus
comprises a load and the battery apparatus according to
claim 9, and the battery apparatus is configured to provide
electrical energy for the load.

11. The electric apparatus according to claim 10, wherein
the electric apparatus comprises a drone, an electric vehicle,
an electric tool, or an energy storage product.

#* #* #* #* #*
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