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DESCRIPTION

Description

[0001] This application claims priority to Chinese patent application No. 202111144655.2, filed
on September 28, 2021 and entitled "HEATING SYSTEM, HEATING METHOD AND
APPARATUS, AND ELECTRIC DEVICE".

TECHNICAL FIELD

[0002] This application relates to the field of battery technologies, and in particular, to a
heating system, a heating method and apparatus, and an electric device.

BACKGROUND

[0003] Due to increasingly serious energy and environmental issues, China's vigorous support
for new energy, and growing maturity of battery technologies, electric vehicles have become a
new direction for future development of the automotive industry. The endurance mileage of the
electric vehicles has become an important factor that affects popularization of the electric
vehicles. As a key component, batteries are the main source of power for electric vehicles, and
the stable and reliable quality of the batteries is crucial.

[0004] However, in a low-temperature environment, use of the batteries is limited. Specifically,
in a low-temperature environment, discharge capacity of the batteries will severely decay, and
the batteries cannot be charged. Therefore, for normal use, the batteries need to be heated in
a low-temperature environment.

[0005] However, in related technologies, the batteries can typically be heated only by using a
particular power source, which is not practical.

[0006] A heating system according to the preamble of claim 1 of the current invention is known
from US 2021/0135308 A1. Document KR 2014 0075078 A discloses a system and a method
for heating a battery modul using the power stored in the battery module.

SUMMARY

[0007] This application is intended to provide a heating system according to claim 1, a heating
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method according to claim 7, and an electric device according to claim 10. to improve
practicability by lowering a requirement on a heating power source

[0008] To achieve the foregoing objective, according to a first aspect, this application provides
a heating system, where the heating system includes a first input end, a second input end, a
first battery module, a second battery module, a first switch, a second switch, and a control
unit, and the first input end and the second input end are configured to connect to an external
input power source. The first switch is connected between a first terminal of the first battery
module and a first terminal of the second battery module, a second terminal of the first battery
module is connected to a second terminal of the second battery module, the second switch is
connected between the first input end and the first terminal of the second battery module, and
the second input end is connected to the first terminal of the first battery module. The first
terminal of the first battery module and the first terminal of the second battery module have a
same polarity, and the second terminal of the first battery module and the second terminal of
the second battery module have a same polarity. The control unit is connected to the first
switch and the second switch, and the control unit is configured to control the first switch and
the second switch to be turned on or off, to heat the first battery module and the second
battery module through the input power source.

[0009] The first battery module and the second battery module can be reversely connected
during charging of the first battery module and the second battery module by controlling the
first switch and the second switch to be turned on or off. In this case, a voltage between the
two terminals of the first battery module and a voltage between the two terminals of the second
battery module cancel each other out, that is, an overall voltage in the first battery module and
the second battery module is 0 or close to 0. Therefore, in this case, the first battery module
and the second battery module can be heated through a low-voltage power source or a power
grid, meaning that a requirement for the input power source is low. Therefore, the heating
system can be applied to a variety of application scenarios, which is more practical. In addition,
compared with solutions using particular power sources in related technologies, this application
is easier to implement and less costly. In addition, the first battery module and the second
battery module can be heated at the same time, helping improve heating efficiency.

[0010] In an optional manner, the first terminal of the second battery module is connected to a
first terminal of a load through a first main switch, and the second terminal of the second
battery module is connected to a second terminal of the load through a second main switch.
The first main switch is the second switch.

[0011] The first main switch and the second main switch are typically provided between a
battery module and a load to control power gain or power loss of the load. As such, when the
heating system is connected to the load, the first main switch can be used as a second switch,
sparing use of the second switch, and saving costs.

[0012] In an optional manner, a voltage between the two terminals of the first battery module is
equal to a voltage between the two terminals of the second battery module.
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[0013] The voltage of the first battery module is set to be equal to the voltage of the second
battery module, so that the voltage between the two terminals of the first battery module and
the voltage between the two terminals of the second battery module cancel each other out,
that is, an overall voltage in the first battery module and the second battery module is 0, after
the first battery module and the second battery module are reversely connected. In this case,
the first battery module and the second battery module can be heated through a low-voltage
power source or power grid, lowering a requirement for the input power source. Therefore, the
heating system can be applied to a variety of application scenarios, which is more practical.

[0014] In an optional manner, the first battery module and the second battery module each
comprise N battery packs. The N battery packs in the first battery module are connected in
parallel, and the N battery packs in the second battery module are connected in parallel.

[0015] When all battery packs are connected in parallel in the first battery module and the
second battery module, the voltage of the first battery module is a voltage of one battery pack
and the voltage of the second battery module is a voltage of one battery pack. As a result,
when the voltages of the battery packs are set to be the same or nearly the same, the overall
voltages of the first battery module and the second battery module may be 0 or close to 0
during heating of the first battery module and the second battery module, thereby lowering a
requirement for the input power source and improving practicality.

[0016] In an optional manner, the control unit is specifically configured to: control the first
switch to be turned off, and control, by using a control signal with a duty cycle, the second
switch to be turned on or off, to heat the first battery module and the second battery module
through the input power source. The control signal with a duty cycle is used to make a root
mean square value of an output current of the input power source less than a root mean
square value of a first current threshold.

[0017] When the first switch is turned off, and the second switch is turned on and off with a
preset duty cycle, currents flow through both the first battery module and the second battery
module, heat is generated and temperature rises inside the first battery module and the
second battery module due to internal resistance of the first battery module and the second
battery module, a heating process is thereby implemented. In addition, controlling the currents
flowing through the first battery module and the second battery module to be less than the root
mean square value of the first current threshold can provide protection for the first battery
module and the second battery module, thereby reducing risks of possible combustion and
explosion of the first battery module and the second battery module, and helping extend
service life of the first battery module and the second battery module.

[0018] In an optional manner, after the first battery module and the second battery module are
heated through the input power source, the control unit is further configured to: if a
temperature of the first battery module and a temperature of the second battery module are
both greater than or equal to a first temperature threshold, control the second switch to be
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turned off, and control the first switch to be turned on after the second switch remains off for a
predetermined period of time.

[0019] During heating of the first battery module and the second battery module, the
temperature of the first battery module and the temperature of the second battery module
need to be detected in real time. Heating is completed when the temperature of the first battery
module and the temperature of the second battery module reach the first temperature
threshold. In this case, the second switch should be controlled to be turned off to disconnect
from the input power source. Within the predetermined period of time in which the second
switch remains off, a voltage difference between the first battery module and the second
battery module is reduced to be less than a first voltage difference threshold. The first switch is
controlled to be turned on after the predetermined period of time within which the second
switch remains off. In this way, a possible loop current can be reduced to protect electrical
components in the heating system, helping improve operation stability of the heating system.

[0020] According to a second aspect, this application provides a heating method, applied to a
heating system, where the heating system includes a first battery module, a second battery
module, a first switch, a second switch, a first input end, and a second input end, where the
first input end and the second input end are configured to connect to an external input power
source. The first switch is connected between a first terminal of the first battery module and a
first terminal of the second battery module, a second terminal of the first battery module is
connected to a second terminal of the second battery module, the second switch is connected
between the first input end and the first terminal of the second battery module, and the second
input end is connected to the first terminal of the first battery module. The first terminal of the
first battery module and the first terminal of the second battery module have a same polarity,
and the second terminal of the first battery module and the second terminal of the second
battery module have a same polarity. The method includes: if a heating request signal is
received, controlling on/off states of the first switch and the second switch to heat the first
battery module and the second battery module, where the on/off state includes on or off.

[0021] Heating is performed only after a heating request signal is received, which can reduce a
probability of accidental heating and help to protect the first battery module and the second
battery module to extend service life of the first battery module and the second battery module.
Then, on/off states of the first switch and the second switch are controlled so that the first
battery module and the second battery module can be reversely connected during charging of
the first battery module and the second battery module. In this case, the first battery module
and the second battery module can be heated through a low-voltage power source or a power
grid, so that the heating system can be applied to a variety of application scenarios, which is
more practical. In addition, compared with solutions using particular power sources in related
technologies, this application is easier to implement and less costly. In addition, the first battery
module and the second battery module can be heated at the same time, helping improve
heating efficiency.

[0022] In an optional manner, the controlling on/off states of the first switch and the second
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switch to heat the first battery module and the second battery module includes: controlling the
first switch to be turned off, and controlling, by using a control signal with a duty cycle, the
second switch to be turned on or off, to heat the first battery module and the second battery
module. The control signal with a duty cycle is used to make a root mean square value of an
output current of the input power source less than a root mean square value of a first current
threshold.

[0023] When the first switch is turned off, and the second switch is turned on and off at the
duty cycle, currents flow through both the first battery module and the second battery module,
and heat is generated and temperature rises inside the first battery module and the second
battery module due to internal resistance of the first battery module and the second battery
module, the heating process is thereby implemented. In addition, the first battery module and
the second battery module can be protected by controlling root mean square values of the
currents flowing through the first battery module and the second battery module to be less than
a root mean square value of a first current threshold, thereby reducing risks of combustion and
explosion of the first battery module and the second battery module, and helping extend
service life of the first battery module and the second battery module.

[0024] In an optional manner, after the first battery module and the second battery module are
heated, the method further includes: if a temperature of the first battery module and a
temperature of the second battery module are both greater than or equal to a first temperature
threshold, controlling the second switch to be turned off, and controlling the first switch to be
turned on after the second switch remains off for a predetermined period of time.

[0025] During heating of the first battery module and the second battery module, the
temperature of the first battery module and the temperature of the second battery module
need to be detected in real time. Heating is completed when the temperature of the first battery
module and the temperature of the second battery module reach the first temperature
threshold. In this case, the second switch should be controlled to be turned off to disconnect
from the input power source. Within the predetermined period of time in which the second
switch remains off, a voltage difference between the first battery module and the second
battery module is reduced to be less than a first voltage difference threshold. The first switch is
controlled to be turned on after the second switch remains off for the predetermined period of
time. In this way, a possible loop current can be reduced to protect electrical components in the
heating system, helping improve operation stability of the heating system.

[0026] According to a third aspect, this application provides an electric device, including the
foregoing heating system.

[0027] In an optional manner, the electric device is an electric vehicle.
[0028] Beneficial effects of the embodiments of this application are as follows: In the heating

system provided in this application, the first switch is disposed between the first terminal of the
first battery module and the first terminal of the second battery module, and the second switch
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is disposed between the first input end and the first terminal of the second battery module. The
first switch and the second switch are controlled to be turned on or off, so that the first battery
module and the second battery module can be reversely connected during charging of the first
battery module and the second battery module. In this case, the voltage between the two
terminals of the first battery module and the voltage between the two terminals of the second
battery module cancel each other out, and the heating process can be implemented for the
first battery module and the second battery module through a low-voltage power source or a
power grid, allowing the heating system to be applied to a variety of application scenarios,
which is more practical. In addition, compared with solutions using particular power sources in
related technologies, this application is easier to implement and less costly. Moreover, the first
switch and the second switch can be heated at the same time, helping improve heating
efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0029] A person of ordinary skill in the art can clearly understand various other advantages
and benefits by reading the detailed description of the preferred embodiments below. The
accompanying drawings are merely intended to illustrate the preferred implementations and
are not intended to limit this application. In addition, in all the accompanying drawings, same
parts are indicated by same accompanying symbols. In the accompanying drawings:

FIG. 1 is a schematic structural diagram of a vehicle disclosed in an embodiment of this
application;

FIG. 2 is a schematic structural diagram of a heating system disclosed in an embodiment of
this application;

FIG. 3 is a schematic structural diagram of a heating system disclosed in another embodiment
of this application;

FIG. 4 is a schematic structural diagram of a heating system disclosed in still another
embodiment of this application;

FIG. 5 is a schematic structural diagram of a heating system disclosed in yet another
embodiment of this application;

FIG. 6 is a flowchart of a heating method disclosed in an embodiment of this application;

FIG. 7 is a schematic diagram of an implementation of step 61 illustrated in FIG. 6 disclosed in
an embodiment of this application;

FIG. 8 is a flowchart of method steps performed after a first battery module and a second
battery module are heated as disclosed in an embodiment of this application;

FIG. 9 is a schematic structural diagram of a heating curve disclosed in an embodiment of this
application;
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FIG. 10 is a schematic structural diagram of a heating apparatus disclosed in an embodiment
of this application; and

FIG. 11 is a schematic structural diagram of a battery management system disclosed in
another embodiment of this application.

[0030] In the accompanying drawings, the figures are not drawn to scale.

DESCRIPTION OF EMBODIMENTS

[0031] The following describes in detail the embodiments of technical solutions in this
application with reference to the accompanying drawings. The following embodiments are
merely used to describe technical solutions in this application more explicitly, and therefore
they are merely used as examples and do not constitute a limitation to the protection scope of
this application.

[0032] Unless otherwise defined, all technical and scientific terms used herein shall have the
same meanings as commonly understood by those skilled in the art to which this application
belongs. The terms used herein are merely intended to describe the specific embodiments but
not intended to constitute any limitation on this application. The terms "include”, "comprise”,
and "having" and any other variations thereof in the specification, the claims, and the foregoing

brief description of drawings of this application are intended to cover a non-exclusive inclusion.

[0033] In descriptions of the embodiments of this application, the terms "first" and "second"
and the like are merely intended to distinguish between different objects, and shall not be
understood as an indication or implication of relative importance or implicit indication of the
number, specific sequence, or dominant-subordinate relationship of indicated technical
features. In the descriptions of this application, "a plurality of* means at least two unless
otherwise specifically stated.

[0034] The term "embodiment" described herein means that specific features, structures, or
characteristics in combination with descriptions of the embodiments may be incorporated in at
least one embodiment of this application. The word "embodiment” in various positions in the
specification does not necessarily refer to a same embodiment, or an independent or
alternative embodiment that is exclusive of other embodiments. Persons skilled in the art
explicitly and implicitly understand that the embodiments described herein may combine with
another embodiments.

[0035] In the descriptions of the embodiments of this application, the term "and/or” in this
application describes only an association relationship for describing associated objects and
represents those three relationships may exist. For example, A and/or B may represent the
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following three cases: A alone, both A and B, and B alone. In addition, a character "/" in this
specification generally indicates an "or" relationship between contextually associated objects.

[0036] In the descriptions of the embodiments of this application, term "a plurality of* means
two (inclusive) or more. Similarly, "a plurality of groups” means two (inclusive) or more groups,
and "a plurality of pieces" means two (inclusive) or more pieces.

[0037] In the descriptions of the embodiments of this application, the orientations or positional
relationships indicated by the technical terms "center”, "vertical", "transverse", "length", "width",

"thickness", "upper"”, "lower", "front", "rear”, "left", "right", "perpendicular”, "horizontal", "top",
"bottom", "inside", "outside", "clockwise", "counterclockwise", "axial", " radial", "circumferential”,
and the like are based on the orientations or positional relationships shown in the
accompanying drawings, are merely intended to facilitate the descriptions of the embodiments
of this application and simplify the descriptions, are not intended to indicate or imply that the
apparatuses or components mentioned in this application must have specific orientations, or
be constructed and operated for a specific orientation, and therefore shall not be construed as

a limitation to embodiments of this application.

[0038] In the descriptions of the embodiments of this application, unless otherwise specified
and defined explicitly, the technical terms "installment"”, "link", "connection”, and "fix" should be
understood in their general senses. For example, the terms may be a fixed connection, a
detachable connection, or an integrated connection; or may be a mechanical connection or an
electrical connection; or may be a direct connection, or an indirect connection through an
intermediate medium; or may be an internal connection between two components or an
interactive relationship between two components. Persons of ordinary skill in the art can
understand specific meanings of these terms in this application based on specific situations.

[0039] In recent years, the new energy vehicle industry has seen explosive growth. Batteries
are the core of electric vehicles and also a comprehensive representation of automotive
engineering and electrical engineering technologies.

[0040] Due to the electrochemical characteristics of electrical vehicle batteries, charging and
discharging capacity of the electrical vehicle batteries is greatly limited in low-temperature
environments, which severely affects user experience of vehicles in winter. Therefore, for
normal use, the electrical vehicle batteries need to be heated in the low-temperature
environments.

[0041] During implementation of this application, the inventors of this application have found
that: at present, a common heating scheme is to use an external high-voltage power source to
make a battery rapidly switch between charging and discharging, and after a heating current
flows through the battery, heat is generated and temperature rises inside the battery due to
internal resistance of the battery, thereby implementing a heating process.

[0042] However, because a voltage is also present between two ends of the battery, a high-
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voltage power source with quite high voltage is required to charge the battery. In other words,
a particular power source is needed to complete the heating process of the battery. In other
words, such scheme applies only to specific application scenarios, which is not practical.

[0043] Based on this, the inventors designed a heating system that is able to heat the battery
based on a lowered requirement for heating power source, for example, by using a low-voltage
power source or a power grid as a heating power source. Therefore, the heating system can
be applied to a variety of application scenarios, which is more practical.

[0044] The battery in the embodiments of this application may be a solid-state battery, a
lithium-ion battery, a lithium metal battery, a lead-acid battery, a nickel-cadmium battery, a
nickel-metal hydride battery, a lithium-sulfur battery, a lithium-air battery, a sodium-ion battery,
or the like. This is not limited herein. In terms of scale, the battery in this embodiment of this
application may be a battery cell, or may be a battery module or a battery pack. This is not
limited herein. In terms of application scenarios, the battery can be used in power apparatuses
such as an automobile and a ship. For example, the battery can be used in an electric vehicle
to power a motor of the electric vehicle as a power source for the electric vehicle. The battery
can also power other electric components in the electric vehicle, such as powering an in-car air
conditioner, an in-car player, or the like.

[0045] An embodiment of this application provides an electric device including the heating
system in the embodiments of this application. The electric device may include but is not
limited to a mobile phone, a tablet, a laptop, an electric toy, an electric tool, an electric scooter,
an electric vehicle, a ship, a spacecraft, or the like. The electric toy may include a fixed or
mobile electric toy, such as a game console, an electric vehicle toy, an electric ship toy, and an
electric airplane toy. The spacecraft may include an airplane, a rocket, a space shuttle, a
spaceship, or the like.

[0046] For ease of description, the electric device being a vehicle 10 in an embodiment of this
application is used as an example to describe the following embodiments.

[0047] Referring to FIG. 1, FIG. 1 is a schematic structural diagram of a vehicle according to
some embodiments of this application. The vehicle may be an oil-fueled vehicle, a gas-
powered vehicle, or a new energy vehicle. The new energy vehicle may be a battery electric
vehicle, a hybrid electric vehicle, an extended-range electric vehicle, or the like. A socket 11
and a heating system according to any one of the embodiments of this application are provided
inside the vehicle. The socket 11 is used to connect an input power source, where the input
power source may be a low-voltage power source or a power grid, or the like. Input power
source is transmitted to the heating system to heat a battery pack 12 in the heating system
through the input power source.

[0048] The heating system includes 2K battery packs 12, where K battery packs 12 in the 2K
battery packs 12 are connected in parallel and the rest K battery packs 12 are connected in
parallel, with K being a positive integer. The battery pack 12 can be provided at the bottom,
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head, or tail of the vehicle. The battery pack 12 includes at least one battery cell, where the
battery cell is configured for charging or discharging, and can be recharged repeatedly in a
recyclable manner. The battery pack 12 may be configured to power the vehicle 10. For
example, the battery pack 12 may be used as an operational power source for the vehicle 10.

[0049] In some embodiments of this application, the battery pack 12 can be used as not only
the operational power source for the vehicle 10 but also a driving power source for the vehicle
10, replacing all or part of the fossil fuel or the natural gas to provide driving power for the
vehicle 10.

[0050] This application does not limit application scenarios of the heating system, and the
heating system in this embodiment of this application can implement heating of the battery
pack 12 when needed.

[0051] As shown in FIG. 2, a heating system 100 in this embodiment of this application
includes a first input end 101, a second input end 102, a first battery module 103, a second
battery module 104, a first switch 105, a second switch 106, and a control unit 107. The first
input end 101 and the second input end 102 are configured to connect to an external input
power source 200. The first switch 105 is connected between a first terminal of the first battery
module 103 and a first terminal of the second battery module 104, a second terminal of the
first battery module 103 is connected to a second terminal of the second battery module 104,
the second switch 106 is connected between the first input end 101 and the first terminal of the
second battery module 104, the second input end 102 is connected to the first terminal of the
first battery module 103, and the control unit 107 is connected to the first switch 105 and the
second switch 106. The first battery module 103 and the second battery module 104 each
include at least one battery cell.

[0052] The first terminal of the first battery module 103 and the first terminal of the second
battery module 104 have a same polarity, and the second terminal of the first battery module
103 and the second terminal of the second battery module 104 have a same polarity.
Specifically, if the first terminal of the first battery module 103 is a positive electrode and the
second terminal of the first battery module 103 is a negative electrode, the first terminal of the
second battery module 104 is a positive electrode and the second terminal of the second
battery module 104 is a negative electrode. On the contrary, if the first terminal of the first
battery module 103 is a negative electrode and the second terminal of the first battery module
103 is a positive electrode, the first terminal of the second battery module 104 is a negative
electrode and the second terminal of the second battery module 104 is a positive electrode.

[0053] Referring to FIG. 2 and FIG. 3, "+" indicates a positive electrode and "-" indicates a
negative electrode. In FIG. 2, for example, the first terminal of the first battery module 103 is a
positive electrode, the second terminal of the first battery module 103 is a negative electrode,
the first terminal of the second battery module 104 is a positive electrode, and the second
terminal of the second battery module 104 is a negative electrode. In FIG. 3, for example, the
first terminal of the first battery module 103 is a negative electrode, the second terminal of the
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first battery module 103 is a positive electrode, the first terminal of the second battery module
104 is a negative electrode, and the second terminal of the second battery module 104 is a
positive electrode.

[0054] The heating system shown in FIG. 2 is used an example for the following description.
The working principle of the heating system shown in FIG. 3 is the same as that of the heating
system shown in FIG. 2, and details are not repeated herein.

[0055] In FIG. 2, the first switch 105 and the second switch 106 are both controlled by the
control unit 107, that is, the control unit 107 can output a control signal to control the first
switch 105 to be turned on or off, and to control the second switch 106 to be turned on or off,
so as to heat the first battery module 103 and the second battery module 104 through the input
power source 200.

[0056] Specifically, when the first switch 105 is turned off and the second switch 106 is closed,
the input power source 200, the first input end 101, the second switch 106, the second battery
module 104, the first battery module 103, and the second input end 102 form a loop. The input
power source 200 outputs a current, and the current flows through the first battery module 103
and the second battery module 104. Because of internal resistance of the first battery module
103 and the second battery module 104, the first battery module 103 and the second battery
module 104 are being heated due to heat generated by the current flowing through the first
battery module 103 and the second battery module 104.

[0057] Then, when the first switch 105 is turned on and the second switch 106 is turned off,
the loop between the input power source 200, the first battery module 103, and the second
battery module 104 is disconnected, the current on the first battery module 103 and the
second battery module 104 is reduced to 0, and the process of heating the first battery module
103 and the second battery module 104 through the input power source 200 ends. In this
case, the heating of the first battery module 103 and the second battery module 104 is
completed, and the first battery module 103 and the second battery module 104 can be used
as a power source to power a load.

[0058] In this embodiment, during heating of the first battery module 103 and second battery
module 104, the first battery module 103 and the second battery module 104 are reversely
connected, so that the voltage between the two terminals of the first battery module 103 and
the voltage between the two terminals of the second battery module 104 cancel each other
out. In other words, the overall voltage of the first battery module 103 and the second battery
module 104 is O or close to 0. In this case, the first battery module 103 and the second battery
module 104 as a whole can be equated as a resistor. In this way, the first battery module 103
and the second battery module 104 can be heated through a low-voltage power source or
power grid, instead of using a particular power source as in the related art. This shows that the
heating system 100 has a lower requirement for the input power source 200. Therefore, the
heating system 100 can be applied to a variety of application scenarios, which is more
practical. In addition, implementation difficulty and costs are also reduced. In addition, the first
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battery module 103 and the second battery module 104 can be heated at the same time,
helping improve heating efficiency.

[0059] In an embodiment, a voltage between the two terminals of the first battery module 103
is equal to a voltage between the two terminals of the second battery module 104.

[0060] The voltage of the first battery module 103 is set to be equal to the voltage of the
second battery module 104, so that the voltage between the two terminals of the first battery
module 103 and the voltage between the two terminals of the second battery module 104
cancel each other out, that is, an overall voltage in the first battery module 103 and the second
battery module 104 is 0, after the first battery module 103 and the second battery module 104
are reversely connected. In this case, the first battery module 103 and the second battery
module 104 can be heated through a low-voltage power source or power grid, lowering a
requirement for the input power source. Therefore, the heating system can be applied to a
variety of application scenarios, which is more practical.

[0061] It should be noted that each switch (such as the first switch 105 and the second switch
106) in this embodiment of this application can be any electronic component that can serves as
a switch, such as a metal-oxide-semiconductor field-effect transistor MOSFET, an insulated
gate bipolar transistor IGBT, a silicon controlled rectifier SCR, a gate turn-off thyristor GTO, a
giant transistor GTR, or any commonly used switch, such as a contactor, a relay, a time-delay
switch, a photoelectric switch, a tact switch, a proximity switch, or a variety of combinations of
the foregoing switches.

[0062] In an embodiment, as shown in FIG. 4, the first terminal of the second battery module
104 is connected to a first terminal of a load 300 through a first main switch 400, and the
second terminal of the second battery module 104 is connected to a second terminal of the
load 300 through a second main switch 500. In this embodiment, the first main switch 400 can
be used as the second switch 106 shown in FIG. 2 or FIG. 3, that is, the first main switch 400
can serve as a second switch 106. It can be learned from the foregoing embodiments that the
second switch 106 is connected between the first input end 101 and the first terminal of the
second battery module 104, and the first main switch 400 should also be connected between
the first input end 101 and the first terminal of the second battery module 104.

[0063] It should be understood that in this embodiment, if the first terminal of the first battery
module 103 and the first terminal of the second battery module 104 are both positive
electrodes, and the second terminal of the first battery module 103 and the second terminal of
the second battery module 104 are both negative electrodes, the first main switch 400 should
be connected to a positive electrode of the load. If the first terminal of the first battery module
103 and the first terminal of the second battery module 104 are both negative electrodes, and
the second terminal of the first battery module 103 and the second terminal of the second
battery module 104 are both positive electrodes, the first main switch 400 should be connected
to a negative electrode of the load.
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[0064] When the heating system 100 is connected to the load 300, a first main switch 400 and
a second main switch 500 are typically provided between the heating system 100 and the load
300 to control power gain or power loss of the load 300. Then, the first main switch 400 can be
used as a second switch 106 in the foregoing embodiment to spare use of the second switch
106, thereby reducing costs of the heating system 100.

[0065] In an embodiment, the heating system 100 can be applied to a new energy vehicle. A
battery (corresponding to the first battery module 103 and the second battery module 104 in
the foregoing embodiments) is provided in the new energy vehicle, a main positive switch is
provided between the positive electrode of the battery and the positive electrode of the load,
and a main negative switch is provided between the negative electrode of the battery and the
negative electrode of the load. In this embodiment, the main positive switch may correspond to
the first main switch 400 in the foregoing embodiment, and the main negative switch
corresponds to the second main switch 500 in the foregoing embodiment. Alternatively, the
main negative switch may correspond to the first main switch 400 in the foregoing
embodiment, and the main positive switch corresponds to the second main switch 500 in the
foregoing embodiment. In this way, the main positive switch or main negative switch that
comes with the new energy vehicle can be used as the second switch 106 to reduce costs.

[0066] It should be noted that the hardware structure of the heating system 100 shown in FIG.
2, FIG. 3, or FIG. 4 is only an example, and the heating system 100 may have more or fewer
components than those shown in the figures, may combine two or more components, or may
have different component configurations, and the various components shown in the figures
may be implemented in hardware, software, or a combination of hardware and software
including one or more signal processing and/or application-specific integrated circuits.

[0067] For example, in an embodiment, referring to FIG. 2 and FIG. 5, the first battery module
103 and the second battery module 104 each include N battery packs, and any one of the
battery packs includes at least one battery cell, with N being a positive integer. The first battery
module 103 includes battery pack A1, battery pack A2, ..., and battery pack AN, and the
second battery module 104 includes battery pack B1, battery pack B2, ..., and battery pack BN.

[0068] Specifically, battery pack A1, battery pack A2, ..., and battery pack AN are connected in
parallel, and battery pack B1, battery pack B2, ..., and battery pack BN are connected in
parallel. In this case, a voltage between two ends of the first battery module 103 is a voltage
between two ends of any one of battery pack A1, battery pack A2, ..., and battery pack AN, and
a voltage between two ends of the second battery module 104 is a voltage between two ends
of any one of battery pack B1, battery pack B2, ..., and battery pack BN. Therefore, the voltage
of each battery pack is set to be the same or nearly the same, an overall voltage of the first
battery module 103 and the second battery module 104 may be 0 or close to 0 during heating
of the first battery module 103 and the second battery module 104, thereby lowering a
requirement for the input power source and improving practicality.

[0069] For example, in another embodiment, the first battery module 103 and the second
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battery module 104 are two sets of battery cell modules of equal voltage within one battery
pack, where each set of modules may include a plurality of modules connected in series or in
parallel. For example, in still another embodiment, the first battery module 103 and the second
battery module 104 may alternatively be two sets of battery cells of equal voltage, where each
set of battery cells may include a plurality of battery cells connected in series or in parallel.

[0070] In an embodiment, still referring to FIG. 5, the control unit 107 is specifically configured
to control the first switch 105 to be turned off, and control, by using a control signal with a duty
cycle, the second switch 106 to be turned on or off, to heat the first battery module 103 and the
second battery module 104 through the input power source 200.

[0071] An initial state of the first switch 105 is on and an initial state of the second switch 106 is
off. The duty cycle is a preset duty cycle, the duty cycle may be determined by a root mean
square value of a first current threshold, and the root mean square value of the first current
threshold is a preset root mean square value of a current. In an implementation, the root mean
square value of the first current threshold may correspond to a maximum root mean square
value of a current that can be reached during heating of the first battery module 103 and the
second battery module 104. Then, the corresponding duty cycle is obtained based on the root
mean square value of the first current threshold and recorded as a maximum duty cycle. In this
embodiment, setting the duty cycle to be less than the maximum duty cycle can reduce risks of
the first battery module 103 and the second battery module 104 being damaged due to an
overlarge current, thereby protecting the first battery module 103 and the second battery
module 104 and helping extend service life of the first battery module 103 and the second
battery module 104.

[0072] In conclusion, the control signal with a duty cycle can be used to make the root mean
square value of the output current of the input power source 200 (that is, the current flowing
through the first battery module 103 and the second battery module 104) less than the root
mean square value of the first current threshold, so as to protect the first battery module 103
and the second battery module 104.

[0073] It can be understood that in one embodiment, the root mean square value of the first
current threshold can be a root mean square value of the current preset by users based on
actual applications. For example, in actual application, the first current threshold can be
determined in combination with a maximum root mean square value of a current that can flow
through each electrical component in the heating system, so as to provide protection for each
electrical component. In another embodiment, the control unit 107 may automatically set the
root mean square value of the current based on a type or material of the battery, which is not
limited in the embodiments of this application.

[0074] In an embodiment, after the first battery module 103 and the second battery module
104 are heated through the input power source 200, the control unit 107 is further configured
to: if a temperature of the first battery module 103 and a temperature of the second battery
module 104 are both greater than or equal to a first temperature threshold, control the second
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switch 106 to be turned off, and control the first switch 105 to be turned on after the second
switch 106 remains off for a predetermined period of time.

[0075] The first temperature threshold may be a temperature value preset by a user or a
temperature value automatically set by the control unit 107 based on a type or material of the
battery, which is not limited in the embodiments of this application.

[0076] During heating of the first battery module 103 and the second battery module 104, the
temperature of the first battery module 103 and the temperature of the second battery module
104 need to be detected in real time, to reduce a probability of damaging the first battery
module 103 and the second battery module 104 due to excessively high temperature. Heating
is completed when the temperature of the first battery module 103 and the temperature of the
second battery module 104 reach the first temperature threshold. In this case, the second
switch 106 is first controlled to be turned off to disconnect from the input power source 200.

[0077] Within the predetermined period of time in which the second switch 106 remains off, a
voltage difference between the first battery module 103 and the second battery module 104
can be reduced to be less than a first voltage difference threshold. Then, the first switch 105 is
controlled to be turned on after the second switch 106 remains off for the predetermined
period of time. In this way, the heating of the first battery module 103 and the second battery
module 104 is completed, and the first battery module 103 and the second battery module 104
can be used as a power source to provide a working voltage to the load. A predetermined
period of time may be set based on a specific application scenario. This is not limited in the
embodiments of this application. For example, in one embodiment, the predetermined period
of time may be set to 10 minutes.

[0078] The first voltage difference threshold can be set based on the material or type of the
battery, and/or the specific application scenario, which is not limited in the embodiments of this
application. For example, in an embodiment, when a loop current between the first battery
module 103 and the second battery module 104 affects the electrical components in the
heating system, a voltage difference, corresponding to the loop current, between the first
battery module 103 and the second battery module 104 is set to the first voltage difference
threshold. In this embodiment, the voltage difference between the first battery module 103 and
the second battery module 104 is reduced to be less than the first voltage difference threshold,
so that a possible loop current has no or small effect on the electrical components, so as to
protect the electrical components in the heating system and improve operation stability of the
heating system.

[0079] Referring to FIG. 6, FIG. 6 is a flowchart of a heating method according to an
embodiment of this application. For the structure of the heating system, reference may be
made to the descriptions of FIG. 2 to FIG. 5, and details are not repeated herein. The heating
method includes the following steps.

[0080] Step 61: If a heating request signal is received, control on/off states of a first switch and



DK/EP 4184664 T3

a second switch to heat a first battery module and a second battery module.
[0081] The on/off state includes on or off.

[0082] In an embodiment, the heating request signal may be a user-defined signal, that is, a
heating request signal is sent by a user by using a button or the like. In another embodiment,
the heating request signal may alternatively be a heating request signal that is actively output
by a control unit when the control unit detects that the first battery module or the second
battery module has a low temperature and needs to be heated. In addition, heating is
performed only after a heating request signal is received, which can reduce a probability of
accidental heating and help to protect the first battery module and the second battery module
to extend service life of the first battery module and the second battery module. In an
implementation, if the heating system is installed in an electric vehicle, after receiving the
heating request signal, the heating system may first check current states of a first main switch,
a second main switch, and an input power source, and after determining that the first main
switch and the second main switch have been off and the heating system has been connected
to the input power source, perform the heating process of the first battery module and the
second battery module.

[0083] During heating of the first battery module and second battery module, the first battery
module and the second battery module are reversely connected, and a voltage between two
ends of the first battery module and a voltage between two ends of the second battery module
cancel each other out. That is, an overall voltage of the first battery module and the second
battery module is 0 or close to 0. In this case, the first battery module and the second battery
module as a whole can be equated as a resistor. In this way, the first battery module and the
second battery module can be heated through a low-voltage power source or a power grid,
instead of using a particular power source as in the related art. This shows that the heating
system has a lower requirement for the input power source. Therefore, the heating system can
be applied to a variety of application scenarios, which is more practical. Implementation
difficulty and costs are also reduced. Moreover, the first battery module and the second battery
module can be heated at the same time, which also helps improve heating efficiency.

[0084] In an embodiment, as shown in FIG. 7, the controlling on/off states of a first switch and
a second switch to heat a first battery module and a second battery module in step 61 includes
the following step.

[0085] Step 71: Control the first switch to be turned off, and control, by using a control signal
with a duty cycle, the second switch to be turned on and off, to heat the first battery module
and the second battery module.

[0086] An initial state of the first switch is on and an initial state of the second switch is off. The
duty cycle is a preset duty cycle, the duty cycle may be determined by a root mean square
value of a first current threshold, and the root mean square value of the first current threshold
is a preset root mean square value of a current.
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[0087] In an implementation, the root mean square value of the first current threshold may
correspond to a maximum root mean square value of a current that can be reached during
heating of the first battery module and the second battery module. The corresponding duty
cycle can be obtained based on the root mean square value of the first current threshold and
recorded as a maximum duty cycle. In actual application, setting the duty cycle to be less than
the maximum duty cycle can reduce risks of the first battery module and the second battery
module being damaged due to an overlarge current, thereby protecting the first battery module
and the second battery module and helping extend service life of the first battery module and
the second battery module.

[0088] In conclusion, in this embodiment, the control signal with the duty cycle can be used to
make a root mean square value of an output current of the input power source (that is, a
current flowing through the first battery module and the second battery module) less than the
root mean square value of the first current threshold, so as to reduce the risks of the first
battery module and the second battery module being damaged.

[0089] In an embodiment, as shown in FIG. 8, after heating the first battery module and the
second battery module in step 61 or step 71, the heating method further includes the following
step.

[0090] Step 81: If a temperature of the first battery module and a temperature of the second
battery module are both greater than or equal to a first temperature threshold, control the
second switch to be turned off, and control the first switch to be turned on after the second
switch remains off for a predetermined period of time.

[0091] During heating of the first battery module and the second battery module, the
temperature of the first battery module and the temperature of the second battery module
need to be detected in real time, to reduce a probability of damaging the first battery module
and the second battery module due to excessively high temperature. Heating is completed
when the temperature of the first battery module and the temperature of the second battery
module reach the first temperature threshold. In this case, the second switch is first controlled
to be turned off to disconnect from the input power source and stop the heating.

[0092] Then, within the predetermined period of time in which the second switch remains off, a
voltage difference between the first battery module and the second battery module can be
reduced to be less than a first voltage difference threshold. The first switch is controlled to be
turned on after the second switch remains off for the predetermined period of time. In this way,
the heating of the first battery module and the second battery module is completed, and the
first battery module and the second battery module can be used as a power source to provide
a working voltage to a load.

[0093] In an embodiment, referring to FIG. 9, FIG. 9 shows temperature changes of the first
battery module and the second battery module during the process of heating the first battery
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module and the second battery module by using the heating method provided in the
application. The first battery module and the second battery module are composed of the
same number of battery cells of the same type, so that a temperature change curve of the first
battery module is the same as that of the second battery module. That is, in FIG. 9, curve L1
may be the temperature change curve of the first battery module or the temperature change
curve of the second battery module. In FIG. 9, a horizontal coordinate represents time in
minutes (min); and a vertical coordinate represents temperature in degrees Celsius (°C).

[0094] The first battery module is used as an example for description. As shown in FIG. 9, an
initial temperature of the first battery module is about 29°C. At the 0.5-th minute, the first switch
is controlled to be turned off, and the second switch is controlled to be turned on or off by using
a control signal with a duty cycle. The input power source outputs a current to the first battery
module to heat the first battery module through its internal resistance, and the temperature of
the first battery module begins to rise. In addition, because a temperature rise will cause the
internal resistance of the first battery module to decrease, the temperature rise speed tends to
be steady, that is, slope of curve L1 shows a gradually decreasing trend. At about the 12-th
minute, the temperature of the first battery module is greater than or equal to a first
temperature threshold, the second switch is controlled to be turned off to disconnect from the
input power source and stop heating the first battery module, and the temperature of the first
battery module decreases again.

[0095] In this embodiment, the process of heating the first battery module and the second
battery module can be implemented by using the heating method provided in the embodiment
of this application. In addition, the input power source can be a low-voltage power source or an
alternating current power source, such as a power grid, and can be used in a variety of
application scenarios, which is more practical.

[0096] In an embodiment, the heating system is used in an electric vehicle, and the first battery
module, the second battery module, and the first switch form a battery pack. The battery pack
further includes a battery management system (BMS), and the electric vehicle further includes
a vehicle control unit (VCU), meaning that the control unit in the foregoing embodiments
includes the BMS and the VCU.

[0097] In this implementation, the BMS can collect status information of the battery pack, such
as battery temperature, state of charge (SOC), voltage signal, and current signal, and
determine, based on the status information, whether the battery pack needs to be heated.
When it is determined that the battery pack needs to be heated, the BMS can send a heating
request signal to the VCU. The VCU determines, based on the heating request signal sent by
the BMS, whether to start the heating system to heat the battery pack.

[0098] If the VCU determines to start the heating system to heat the battery pack, the BMS
controls the first switch to be turned off, and the VCU controls the second switch to be turned
on and off at a preset duty cycle to heat the battery pack.
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[0099] During heating of the battery pack, if the temperature of the first battery module and the
temperature of the second battery module in the battery pack already meet a requirement, the
VVCU can control the second switch to be turned off, and send a stop-heating signal to the BMS
so that the BMS controls the first switch to be turned on. In other words, the VCU controls the
heating system to stop heating the battery pack.

[0100] In addition, the BMS of the battery pack can also monitor temperature of the battery
pack during heating of the battery pack. When the temperature of the battery pack 12 is
abnormal, the BMS can send temperature abnormality information to the VCU, and the VCU
controls the heating system to stop the heating process of the battery pack.

[0101] FIG. 10 is a schematic structural diagram of a heating apparatus according to an
embodiment of this application. The heating apparatus 1000 is applied to a heating system.
For the structure of the heating system, reference may be made to the descriptions of FIG. 2
to FIG. 5, and details are not repeated herein. The heating apparatus 1000 includes an on/off
state switching unit 1001.

[0102] The on/off state switching unit 1001 is configured to: if a heating request signal is
received, control on/off states of a first switch and a second switch to heat a first battery
module and a second battery module, where the on/off state includes on or off.

[0103] The foregoing product can execute the method provided in the embodiment of this
application shown in FIG. 6, has corresponding functional modules for executing the method,
and achieves the same beneficial effects. For technical details not exhaustively described in
this embodiment, reference may be made to the method provided in the embodiments of this
application.

[0104] FIG. 11 is a schematic structural diagram of a battery management system according to
an embodiment of this application. As shown in FIG. 11, the battery management system 1100
includes one or more processors 1101 and a memory 1102. One processor 1101 is used as an
example in FIG. 11.

[0105] The processor 1101 and the memory 1102 can be connected by using a bus or in other
manners, and a bus connection is used as an example in FIG. 11.

[0106] The memory 1102 as a non-volatile computer-readable storage medium can be used to
store non-volatile software programs, non-volatile computer-executable programs, and
modules, such as the program instructions/modules corresponding to the heating method in
the embodiments of this application (such as the unit described in FIG. 10). By running the
non-volatile software programs, instructions, and modules stored in the memory 1102, the
processor 1101 executes various functional applications and data processing in the heating
apparatus, that is, implements the heating method in the foregoing method embodiments and
functions of the units in the foregoing apparatus embodiment.
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[0107] The memory 1102 may include a high-speed random access memory, and may also
include a non-volatile memory, for example, at least one disk storage device, a flash memory
device, or other non-volatile solid-state storage devices. In some embodiments, the memory
1102 may optionally include a memory that is remotely located relative to the processor 1101,
and the remote memory may be connected to the processor 1101 via a network. Examples of
the network include but are not limited to the Internet, corporate intranet, local area network,
mobile communication network, and a combination thereof.

[0108] The program instructions/modules are stored in the memory 1102. When the program
instructions/modules are executed by the one or more processors 1101, the heating method in
any one of the method embodiments are performed, for example, steps shown in FIG. 6, FIG.
7 and FIG. 8 are performed, or functions of the units in FIG. 10 may also be implemented.

[0109] An embodiment of this application further provides an electric device, including the
heating system according to any one of the foregoing embodiments.

[0110] In an embodiment, the electric device is an electric vehicle.

[0111] An embodiment of this application further provides a non-volatile computer storage
medium, where the non-volatile computer storage medium stores computer-executable
instructions, and when the computer-executable instructions are executed by one or more
processors, the one or more processors may perform the heating method according to any
one of the foregoing method embodiments. For example, steps shown in FIG. 6, FIG. 7, and
FIG. 8 are performed, and functions of the units in the FIG. 10 may also be implemented.

[0112] The foregoing apparatus or device embodiments are merely examples. Module units
described as separate components may or may not be physically separate. Parts shown as
modules or units may be or may not be physical units, and may be located in one place, or
may be distributed in a plurality of network modules or units. Some or all of the modules may
be selected based on an actual requirement, to achieve the objectives of the solutions in the
embodiments.

[0113] Based on the foregoing descriptions of the implementations, a person skilled in the art
may clearly understand that each implementation can be implemented by using software in
combination to a universal hardware platform, or by using hardware only. Based on such an
understanding, the technical solutions substantially or parts making contributions to the related
art or part of the technical solutions may be embodied in form of a software product, and the
software product may be stored in a computer-readable storage medium, such as a
ROM/RAM, a magnetic disk, or an optical disc, and includes several instructions for instructing
a computer device (which may be a personal computer, a server, a network device, or the like)
to perform the methods described in the embodiments or some parts of the embodiments.

[0114] Although this application has been described with reference to the preferred
embodiments, various modifications can be made to this application without departing from the
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scope of the appended claims. In particular, as long as there is no structural conflict, the
various technical features mentioned in the embodiments can be combined in any manner.
This application is not limited to the specific embodiments disclosed in this specification, but
includes all technical solutions falling within the scope of the claims.
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Patentkrav

1. Opvarmningssystem (100), der omfatter en feorste indgangsende
(101) og en anden indgangsende (102), hvor den fgrste
indgangsende (101) og den anden indgangsende (102) er udformet
til at forbindes til en ekstern indgangsstremforsyning (200);
et forste batterimodul (103), et andet batterimodul (104), en
forste kontakt (105) og en anden kontakt (106), og en styreenhed
(107), hvor styreenheden (107) er forbundet med den fgrste
kontakt (105) og den anden kontakt (106),

kendetegnet wved, at

den forste kontakt (105) er forbundet mellem en forste pol pa
det forste batterimodul (103) og en feorste pol pa det andet
batterimodul (104), en anden pol pa det forste batterimodul
(103) er forbundet med en anden pol pa det andet batterimodul
(104), den anden kontakt (106) er forbundet mellem den forste
indgangsende (101) og den ferste pol pad det andet batterimodul
(104), og den anden indgangsende (102) er forbundet med den
forste pol pa det forste batterimodul (103), hvor den ferste pol
pa det forste batterimodul (103) og den feorste pol pa det andet
batterimodul (104) har en samme polaritet, og den anden pol pa
det forste batterimodul (103) og den anden pol pa det andet
batterimodul (104) har en samme polaritet; og

styreenheden (107) er udformet til at styre, at der tandes eller
slukkes for den fgrste kontakt (105) og den anden kontakt (106)
for at opvarme det fgrste batterimodul (103) og det andet

batterimodul (104) gennem indgangsstremforsyningen (200).

2. Opvarmningssystem (100) ifelge krav 1, kendetegnet ved, at
den feorste pol pa det andet batterimodul (104) er forbundet med
en feorste pol pa en last (300) gennem en ferste hovedkontakt
(400), og den anden pol pa det andet batterimodul (104) er
forbundet med en anden pol pa lasten (300) gennem en anden
hovedkontakt (500); og

den fegrste hovedkontakt (400) er den anden kontakt (106).

3. Opvarmningssystem (100) ifelge krav 1, kendetegnet ved, at
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en spanding mellem de to poler pa det forste batterimodul (103)
er lig med en spanding mellem de to poler pa det andet
batterimodul (104).

4. Opvarmningssystem (100) ifelge krav 3, kendetegnet ved, at
det forste batterimodul (103) og det andet batterimodul (105)
hver omfatter N batteripakker, hvor N er et positivt heltal; og
de N Dbatteripakker i1 det forste batterimodul (103) er
parallelforbundet, og de N  batteripakker i det andet
batterimodul (104) er parallelforbundet.

5. Opvarmningssystem (100) ifglge krav 1, kendetegnet ved, at
styreenheden (107) er sarligt udformet til:

at styre, at der slukkes for den feorste kontakt (105), og, ved
at anvende et styresignal med en intermittens, at styre, at der
tendes eller slukkes for den anden kontakt (106) for at opvarme
det forste batterimodul (103) og det andet batterimodul (104)
gennem indgangsstremforsyningen (200);

hvor styresignalet med en intermittens anvendes til at gore en
effektivverdi af en udgangsstrem fra indgangsstremforsyningen

mindre end en effektivverdi af en forste stromtaerskel.

6. Opvarmningssystem (100) 1ifglge et hvilket som helst af
kravene 1 til 5, kendetegnet ved, at styreenheden (107), efter
at det forste batterimodul (103) og det andet batterimodul (104)
er opvarmet gennem indgangsstremforsyningen (200), vyderligere
er udformet til:

hvis en temperatur af det forste batterimodul (103) og en
temperatur af det andet batterimodul (104) begge er hgjere end
eller 1lig med en forste temperaturtaerskel, at styre, at der
slukkes for den anden kontakt (106), og at styre, at der tendes
for den forste kontakt (105), efter at den anden kontakt (1006)

har varet slukket 1 et forudbestemt tidsrum.

7. Opvarmningsfremgangsmade, der anvendes pa et
opvarmningssystem (100), hvor opvarmningssystemet omfatter et
forste batterimodul (103), et andet batterimodul (104), en
forste kontakt (105), en anden kontakt (106), en forste
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indgangsende (101) og en anden indgangsende (102), hvor den
forste indgangsende (101) og den anden indgangsende (102) er
udformet til at forbindes med en ekstern indgangsstremforsyning
(200) ;

den forste kontakt (105) er forbundet mellem en forste pol pa
det forste batterimodul (103) og en feorste pol pa det andet
batterimodul (104), en anden pol pa det forste batterimodul
(103) er forbundet med en anden pol pa det andet batterimodul
(104), den anden kontakt (106) er forbundet mellem den forste
indgangsende (101) og den ferste pol pa det andet batterimodul
(104), og den anden indgangsende (102) er forbundet med den
forste pol pa det forste batterimodul (103), hvor den ferste pol
pa det forste batterimodul (103) og den feorste pol pa det andet
batterimodul (104) har en samme polaritet, og den anden pol pa
det forste batterimodul (103) og den anden pol pa det andet
batterimodul (104) har en samme polaritet; og

fremgangsmaden omfatter:

hvis der modtages et signal til anmodning om opvarmning, at
styre tendt/slukket-tilstande af den forste kontakt (105) og den
anden kontakt (106) for at opvarme det forste batterimodul (103)
og det andet batterimodul (104), hvor tandt/slukket-tilstandene
omfatter tendt eller slukket.

8. Opvarmningsfremgangsmade ifglge krav 7, kendetegnet wved, at
styringen af tendt/slukket-tilstandene af den ferste kontakt
(105) og den anden kontakt (106) Zfor at opvarme det forste
batterimodul (103) og det andet batterimodul (104) omfatter:
styring af at der slukkes for den feorste kontakt (105), og, ved
at anvende et styringssignal med en intermittens, styring af at
der tendes eller slukkes for den anden kontakt (106) for at
opvarme det feorste batterimodul (103) og det andet batterimodul
(104);

hvor styresignalet med en intermittens anvendes til at ggre en
effektivverdi af udgangsstregmmen fra indgangsstremforsyningen

(200) mindre end en effektivvaerdi af en forste stromtaerskel.
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9. Fremgangsmade 1feglge krav 7 eller 8, kendetegnet wved, at
fremgangsmaden, efter opvarmningen af det forste batterimodul
(103) og det andet batterimodul (104), yderligere omfatter:

hvis en temperatur af det forste batterimodul (103) og en
temperatur af det andet batterimodul (104) begge er hgjere end
eller lig med en forste temperaturtarskel, styring af at der
slukkes for den anden kontakt (106), og styring af at der tandes
for den forste kontakt (105), efter at den anden kontakt (1006)

har varet slukket 1 et forudbestemt tidsrum.

10. Elektrisk anordning, kendetegnet ved, at den omfatter
opvarmningssystemet (100) ifglge et hvilket som helst af kravene
1 til 6.
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Control the first switch to be turned off, and control, by using a control signal with a
duty cycle, the second switch to be turned on and off, to heat the first battery group
and the second battery group
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FIG 7

If a temperature of a first battery group and a temperature of a second battery group
are both greater than or equal to a first temperature threshold, control a second
switch to be turned off, and control a first switch to be turned on after the second
switch remains ofT for a predetermined period of time
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