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ACTIVE HEATING METHOD FOR ELECTRIC MOTOR,
APPARATUS, DEVICE, STORAGE MEDIUM AND

PROGRAM PRODUCT

[0001] This application claims priority to Chinese patent application No.
202210264853.0, filed with the Chinese National Intellectual Property Administration
on March 17, 2022 and entitled “ACTIVE HEATING METHOD FOR ELECTRIC
MOTOR, APPARATUS, DEVICE, STORAGE MEDIUM AND PROGRAM

PRODUCT?”, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to the field of electric vehicles and, in
particular, to an active heating method for an electric motor, an apparatus, a device, a

storage medium and a program product.

BACKGROUND

[0003] At present, electric vehicle technology is developing rapidly, and electric
vehicles are gradually replacing traditional fuel vehicles. However, development of
the electric vehicles is also facing many difficulties now. For example, in winter,
battery performance of the electric vehicles will decline due to low temperature.
Active heating of batteries is one of important means to improve the battery
performance.

[0004] At present, active heating of a battery in the related art is usually to
increase a copper loss of an electric motor by changing a duty cycle of one of
three-phase currents of the electric motor, so as to realize heating of the electric motor,
and then to transfer heat of the electric motor to the battery to realize heating up of the
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battery, achieving a purpose of improving the battery performance.

[0005] However, the inventors have found that there is at least the following
technical problem in the related art: the heating of the electric motor is realized by
increasing the duty cycle, which has low heating efficiency, resulting in slow heating

up of the battery.

SUMMARY

[0006] The present application provides an active heating method for an electric
motor, an apparatus, a device, a storage medium and a program product, which are
used to solve the problem of slow heating up of a battery and increase speed of
heating up of the electric motor.
[0007] In a first aspect, the present application provides an active heating method
for an electric motor, including:

receiving a heating instruction sent by a heat management system, where
the heating instruction includes a heating power;

inputting a current to the electric motor and adjusting a phase of
three-phase pulses according to the heating power;

continuously detecting an electric motor iron loss power, determining a
difference between the electric motor iron loss power and the heating power, and
adjusting a phase difference of the three-phase pulses according to the difference
between the electric motor iron loss power and the heating power until the difference
between the electric motor iron loss power and the heating power is less than a preset
value, to realize active heating of the electric motor.
[0008] Based on the above technical content, after receiving the heating
instruction, the phase of the three-phase pulses of the electric motor is changed, which
can achieve the purpose of increasing the electric motor iron loss to heat the electric
motor. After changing the phase of the three-phase pulses, the determination of
whether the difference between the obtained iron loss power and the heating power

contained in the heating instruction meets the requirement is continued, so as to
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continue to adjust the phase difference, which achieves the effect of enabling the iron
loss power of the electric motor to be close to the heating power, continuously
improving the heating efficiency of the electric motor and thus improving the speed of
heating up of the battery. In a possible implementation, inputting the current to the
electric motor and adjusting the phase of the three-phase pulses according to the
heating power includes: inputting the current with a preset magnitude to the electric
motor, and looking up a corresponding phase difference in a preset first comparison
table according to the heating power, where the preset first comparison table includes
a correspondence between a heating power and a phase difference; adjusting the phase
of the three-phase pulses using the corresponding phase difference.
[0009] Further, by looking up the phase difference corresponding to the heating
power in the first comparison table, the phase difference close to or equal to the
heating power is directly obtained, which reduces the time for subsequently adjusting
the phase multiple times due to the insufficient iron loss power.
[0010] In a possible implementation, detecting the electric motor iron loss power
includes: measuring an inlet-outlet temperature difference and a coolant flow rate of
an electric drive system coolant, and determining the electric motor iron loss power
according to the inlet-outlet temperature difference and the coolant flow rate.
[0011] Further, the electric motor iron loss power is determined by the inlet-outlet
temperature difference and the coolant flow rate of the electric drive system coolant
that are obtained by measurement, which facilitates the phase adjustment.
[0012] In a possible implementation, a calculation formula for determining the
electric motor iron loss power according to the inlet-outlet temperature difference and
the coolant flow rate is as follows:

P=C-D-F-AT-A
where P is the electric motor iron loss power, C is a coolant specific heat capacity, D
is a coolant density, F is the coolant flow rate, AT is the inlet-outlet temperature
difference, and A is a constant.
[0013] Further, the electric motor iron loss power is calculated by the coolant

specific heat capacity, the coolant density, the coolant flow rate, the inlet-outlet
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temperature difference and the constant, which facilitates the phase adjustment and
increases the active heating speed of the electric motor.

[0014] In a possible implementation, after adjusting the phase difference of the
three-phase pulses, the method further includes: if the phase difference of the
three-phase pulses reaches a maximum value, and the difference between the electric
motor iron loss power and the heating power is greater than the preset value,
continuously detecting the electric motor iron loss power and increasing a current
value until the difference between the electric motor iron loss power and the heating
power is less than the preset value.

[0015] Further, the current is increased in a case that the phase difference reaches
the maximum value and that the electric motor iron loss power does not reach the
heating power and the difference between the electric motor iron loss power and the
heating power is large, which achieves the effect of further increasing the heating
efficiency of the electric motor.

[0016] In a possible implementation, after receiving the heating instruction sent
by the heat management system, where the heating instruction includes the heating
power, the method further includes: determining a current value of each phase of the
three-phase pulses according to the heating power; changing a duty cycle of at least
one phase of the three-phase pulses to increase a copper loss; measuring an actual
copper loss power, and adjusting the phase of the three-phase pulses according to the
actual copper loss power and the heating power to increase an iron loss; continuously
detecting a total loss power generated by the copper loss and the iron loss,
determining a difference between the total loss power and the heating power, and
adjusting the phase difference of the three-phase pulses according to the difference
between the total loss power and the heating power until the difference between the
total loss power and the heating power is less than a preset value, to realize the active
heating of the electric motor.

[0017] Further, the method of adjusting the duty cycle is used for heating firstly,
and in a case that the adjustment of the duty cycle is not enough to achieve the

required heating power, the method of adjusting the phase is then used to supplement
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the heat, which can achieve the effect of further increasing the heating speed of the
battery.
[0018] In a possible implementation, determining the current value of each phase
of the three-phase pulses according to the heating power includes: determining the
current value of each phase of the three-phase pulses according to an electric motor
resistance, a conduction voltage drop of a built-in power transistor, a single-switching
loss per unit current of the built-in power transistor, a switching frequency of the
built-in power transistor and a current relationship of the three-phase pulses.
[0019] Further, the current value of each phase is obtained by the electric motor
resistance, the conduction voltage drop of the built-in power transistor, the
single-switching loss per unit current of the built-in power transistor, the switching
frequency of the built-in power transistor and the current relationship of the
three-phase pulses, which enables the initial current value to be relatively large and is
thus beneficial to faster temperature rise.
[0020] In a possible implementation, a calculation formula for determining the
current value of each phase of the three-phase pulses according to the electric motor
resistance, the conduction voltage drop of the built-in power transistor, the
single-switching loss per unit current of the built-in power transistor, the switching
frequency of the built-in power transistor and the current relationship of the
three-phase pulses is as follows:

P=(GAHIHDRHIH, 1) Ve (I H,H1)Q - F

where -I=I,+1., Iy=k-I,

where I, is a current of phase a, I, is a current of phase b, I, is a current of phase c,
R is the electric motor resistance, V. is the conduction voltage drop of the built-in
power transistor, Q is the single-switching loss per unit current of the built-in power
transistor, F is the switching frequency of the built-in power transistor, and k is a
constant determined according to a rotor position.
[0021] Further, by combining the preset formula and the current relationship of

the three-phase pulses, the current value of each phase is calculated, which enables the
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initial current to be higher, thereby increasing the heating speed.
[0022] In a possible implementation, measuring the actual copper loss power
includes: measuring its own current value and voltage value, and determining the
actual copper loss power according to its own current value and voltage value; or
measuring an inlet-outlet temperature difference and a coolant flow rate of an electric
drive system coolant, and determining the actual copper loss power of the electric
motor according to the inlet-outlet temperature difference and the coolant flow rate.
[0023] Further, the actual copper loss power is calculated by its own current value
and voltage value, or the actual copper loss power is calculated by the inlet-outlet
temperature difference and the coolant flow rate of the electric drive system coolant,
which facilitates accurate determination of the difference between the total loss and
the heating power and more accurate adjustment of the heating power.
[0024] In a possible implementation, adjusting the phase of the three-phase pulses
according to the actual copper loss power and the heating power includes: calculating
a difference between the actual copper loss power and the heating power, and looking
up a corresponding phase difference in a second comparison table according to the
difference between the actual copper loss power and the heating power, where the
second comparison table includes a correspondence between a difference between an
actual copper loss power and a heating power and a phase difference; adjusting the
phase of the three-phase pulses using the corresponding phase difference.
[0025] Further, the phase difference corresponding to the difference between the
actual copper loss power and the heating power is obtained by looking up the
correspondence, and the phase of the three-phase pulses is adjusted using the obtained
phase difference, which achieves the effect of accelerating the heating speed of the
electric motor.
[0026] In a second aspect, the present application provides an active heating
apparatus for an electric motor, including:

an instruction receiving module, configured to receive a heating instruction
sent by a heat management system, where the heating instruction includes a heating

power; a first adjusting module, configured to input a current to the electric motor and
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adjust a phase of three-phase pulses according to the heating power; a second
adjusting module, configured to continuously detect an electric motor iron loss power,
determine a difference between the electric motor iron loss power and the heating
power, and adjust a phase difference of the three-phase pulses according to the
difference between the electric motor iron loss power and the heating power until the
difference between the electric motor iron loss power and the heating power is less
than a preset value, to realize active heating of the electric motor.

[0027] In a third aspect, the present application provides an electronic device,
including: a processor, and a memory communicatively connected to the processor.
The memory stores computer execution instructions, and the processor executes the
computer execution instructions stored in the memory, so that the processor executes
the active heating method for the electric motor as described above in the first aspect.
[0028] In a fourth aspect, the present application provides a computer-readable
storage medium. The computer-readable storage medium stores computer execution
instructions, and when the computer execution instructions are executed by a
processor, the active heating method for the electric motor as described above in the
first aspect is implemented.

[0029] In a fifth aspect, the present application provides a computer program
product including a computer program. When the computer program is executed by a
processor, the active heating method for the electric motor as described above in the
first aspect is implemented.

[0030] Through the active heating method for the electric motor, the apparatus,
the device, the storage medium and the program product provided by the present
application, after receiving the heating instruction, the phase of the three-phase pulses
of the electric motor is changed, which can achieve the purpose of increasing the
electric motor iron loss to heat the electric motor. After changing the phase of the
three-phase pulses, the determination of whether the difference between the obtained
iron loss power and the heating power contained in the heating instruction meets the
requirement is continued, so as to continue to adjust the phase difference, which

achieves the effect of enabling the electric motor iron loss power to be close to the
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heating power, continuously improving the heating efficiency of the electric motor

and thus improving the speed of heating up of the battery.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a schematic diagram of an application scenario of an active
heating method for an electric motor provided by an embodiment of the present
application.

[0032] FIG. 2 is a schematic flowchart of an active heating method for an electric
motor provided by an embodiment of the present application.

[0033] FIG. 3 is a schematic diagram of phases of three-phase pulses provided by
an embodiment of the present application.

[0034] FIG. 4 is a schematic diagram of duty cycles of three-phase pulses
provided by an embodiment of the present application.

[0035] FIG. 5 is a schematic diagram of an active heating apparatus for an electric
motor provided by an embodiment of the present application.

[0036] FIG. 6 is a schematic structural diagram of an electronic device in an

embodiment of the present application.

DESCRIPTION OF EMBODIMENTS

[0037] Exemplary embodiments will be described in detail herein, and examples
thereof are illustrated in the accompanying drawings. When the following description
refers to the drawings, unless otherwise indicated, the same number in different
drawings represents the same or similar element. The implementations described in
the following exemplary embodiments do not represent all implementations consistent
with the present application. On the contrary, they are only examples of apparatuses
and methods consistent with some aspects of the present application as detailed in the
appended claims.

[0038] Currently, electric vehicle technology is developing rapidly, and electric
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vehicles can often be seen on the streets of cities. The electric vehicles have the
advantages of low noise, simple structure, zero emissions and so on. At the same time,
the electric vehicles are also facing many challenges. For example, the number of
charging piles needs to be improved, battery performance is degraded at low
temperature, etc.

[0039] Faced with the problem of battery performance degradation, the current
main solution is to adjust a duty cycle of a certain phase of three-phase currents in an
electric motor to increase a copper loss of the electric motor so as to realize heating of
the electric motor, and then to transfer heat of the electric motor to a battery by an
apparatus such as a pipeline containing a coolant so as to realize heating of the battery.
However, the current method of using the duty cycle to realize the heating of the
electric motor has low heating efficiency, and the speed of increasing the temperature
of the battery is slow.

[0040] In view of the above technical problems, the present application proposes
the following technical concept: by inputting three-phase pulses to an electric motor
after receiving a heating instruction, and changing a phase difference of the
three-phase pulses to increase an iron loss of the electric motor, active heating of the
electric motor is realized.

[0041] FIG. 1 is a schematic diagram of an application scenario of an active
heating method for an electric motor provided by an embodiment of the present
application. As shown in FIG. 1, in the scenario, a heat management system 101,
electric vehicle electronic control 102, and an electric motor 103 are included.

[0042] In a specific implementation process, the heat management system 101 is
configured to send a heating instruction to the electric vehicle electronic control 102.
The heating instruction may be sent when temperature is lower than preset
temperature, or may be sent after receiving a control instruction from an external
device, such as a server, a computer, a mobile phone, etc.

[0043] The electric vehicle electronic control 102 is configured to input a current
to the electric motor 103 and adjust a phase difference of three-phase pulses after

receiving the heating instruction. After adjusting the phase difference of the
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three-phase pulses, an electric motor iron loss power is continuously detected. If a
difference between the iron loss power and a heating power exceeds a preset value,
adjustment of the phase difference of the three-phase pulses is continued until the
difference between the iron loss power and the heating power is less than the preset
value. Finally the heat is transferred to a battery through an apparatus such as a heat
pump.

[0044] It can be understood that, the structure illustrated in the embodiment of the
present application does not constitute a specific limitation on an active heating
method for an electric motor. In some other feasible implementations of the present
application, the foregoing architecture may include more or fewer components than
those shown in the figure, or some components may be combined, or some
components may be split, or there may be different component arrangements, which
may be specifically determined according to an actual application scenario and is not
limited herein. The components shown in FIG. 1 may be implemented in hardware,
software, or a combination of software and hardware.

[0045] The technical solutions of the present application and how the technical
solutions of the present application solve the above technical problems are described
in detail below with specific embodiments. The following several specific
embodiments may be combined with each other, and a same or similar concept or
process may not be repeated in some embodiments. The embodiments of the present
application will be described below with reference to the accompanying drawings.
[0046] FIG. 2 is a schematic flowchart of an active heating method for an electric
motor provided by an embodiment of the present application. An executive entity of
the embodiment of the present application may be the electric vehicle electronic
control 102 in FIG. 1. As shown in FIG. 2, the method includes the following steps.
[0047] S201: receiving a heating instruction sent by a heat management system,
where the heating instruction includes a heating power.

[0048] In this step, the heating instruction may further include an instruction for
starting heating, and the heating power may be preset or may be obtained according to

ambient temperature, which is not particularly limited in the present application.
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[0049] S202: inputting a current to the electric motor and adjusting a phase of
three-phase pulses according to the heating power.

[0050] In this step, inputting the current to the electric motor may be inputting the
current with a preset magnitude, or may be inputting the current whose magnitude is
directly proportional to the heating power to the electric motor. Adjusting the phase of
the three-phase pulses may be adjusting the phase of a certain phase of the three-phase
pulses with a preset phase value, so that the phase difference of the adjusted phase
reaches the preset phase value. Adjusting the phase of the three-phase pulses may also
be adjusting the phase of a certain phase of the three-phase pulses with a phase value
directly proportional to the heating power, so that the phase difference of the
three-phase pulses increases with the increase of the heating power.

[0051] The preset phase value may be 10°, 15°, 30°, etc.

[0052] FIG. 3 is a schematic diagram of phases of three-phase pulses provided by
an embodiment of the present application. As shown in the left picture in FIG. 3, the
three-phase pulses consist of three phases A, B and C, which have the same phase and
whose phase difference is zero. Adjusting the phase of phase A is taken as an example.
As shown in the middle picture in FIG. 3, after the phase of phase A thereof is
adjusted, the phase of phase A of the three-phase pulses changes. The phase difference
of three phases is not 0, and the non-overlapping part of the three phases increases (as
shown in the bold part in FIG. 3). When the voltage of phase A is equal to the battery
voltage, and the voltages of phase B and C are 0, the current increases. When the
voltage of phase A is 0 and the voltages of phase B and C are the battery voltage, the
current drops rapidly. When the pulses of three phases overlap, the current overcomes
a loop impedance, thus the current decreases slowly. The current waveform is a pulse
waveform as shown in the lower part, where the highest current is, for example, 10A,
and the present application does not limit the maximum value that the current reaches.
The maximum adjustment range of the phase difference is shown in the right picture
in FIG. 3. Here, the phase of phase A is adjusted by a 1/2 cycle, the phase difference is
180°, and the thick line part where the pulses of three phases do not overlap is the

longest. When the voltage of phase A is the battery voltage, the current increases.
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When the voltage of phase A is the battery voltage is 0, and the voltages of phase B
and C are the battery voltage, the current drops rapidly. In this case, the current peak
value, which is 20A as shown in the right picture, is higher than that in the middle
picture of FIG. 3. The present application also does not limit the maximum value that
the current reaches in this case.

[0053] S203: continuously detecting an electric motor iron loss power,
determining a difference between the electric motor iron loss power and the heating
power, and adjusting a phase difference of the three-phase pulse according to the
difference between the electric motor iron loss power and the heating power until the
difference between the electric motor iron loss power and the heating power is less
than a preset value, to realize active heating of the electric motor.

[0054] In this step, the electric motor iron loss power may be detected by
detecting an electric motor temperature change, or detecting a coolant temperature
change in an electric drive system, and then calculating the heat corresponding to the
temperature change to obtain the electric motor iron loss power. Since there may be a
difference between the temperature change obtained by detection and the actual power,
a constant may be introduced for correction. If the difference obtained by subtracting
the heating power from the electric motor iron loss power is greater than the preset
value, then the phase difference is reduced. If the absolute value of the difference
obtained by subtracting the heating power from the electric motor iron loss power is
greater than the preset value, and the difference is not greater than the preset value,
which indicates that the electric motor iron loss power is less than the heating power,
then the phase difference is increased. The preset value may be a fixed value, or may
be obtained by calculation according to a certain proportion of the heating power.
[0055] For example, if the electric motor iron loss power obtained by detection is
10kW and the heating power is 20kW, then the difference obtained by subtracting the
heating power from the electric motor iron loss power is -10kW. If the preset value is
SkW, then the absolute value of the difference is greater than the preset value, and the
difference is less than the preset value, which indicates that the phase difference needs

to be increased. If the electric motor iron loss power obtained by detection is 18kW
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and the heating power is 20kW, then the difference obtained by subtracting the
heating power from the electric motor iron loss power is -2kW. If the preset value is
5kW, then the difference and the absolute value of the difference are both less than the
preset value, which indicates that the requirement is met and the phase difference no
longer needs to be changed. The preset value may be SkW as mentioned above, or
may be 3kW or 2kW, etc., or may be a preset proportion of the heating power, such as
10%, 7% or 5% of the heating power, etc.

[0056] It can be known from the description of the above embodiment that in the
embodiment of the present application, after receiving the heating instruction, the
phase of the three-phase pulses of the electric motor is changed, which can realize the
purpose of increasing the electric motor iron loss to heat the electric motor. After
changing the phase of the three-phase pulses, the determination of whether the
difference between the obtained iron loss power and the heating power contained in
the heating instruction meets the requirement is continued, so as to continue to adjust
the phase difference, which achieves the effect of enabling the iron loss power of the
electric motor to be close to the heating power, continuously improving the heating
efficiency of the electric motor and thus improving the speed of heating up of the
battery.

[0057] In a possible implementation, in the above step S202, inputting the current
to the electric motor and adjusting the phase of the three-phase pulses according to the
heating power specifically includes the following steps.

[0058] S2021: inputting the current with a preset magnitude to the electric motor,
and looking up a corresponding phase difference in a preset first comparison table
according to the heating power, where the preset first comparison table includes a
correspondence between a heating power and a phase difference.

[0059] In this step, the current with the preset magnitude may be that the current
value is of the preset magnitude, or the voltage value is of the preset magnitude,
which is not particularly limited in the present application. The preset first comparison
table may be obtained through an experimental test in advance.

[0060] S2022: adjusting the phase of the three-phase pulses using the
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corresponding phase difference.
[0061] In this step, the phase of the three-phase pulses may be adjusted, so that
the phase difference occurring in the three-phase pulses is of the same magnitude as
the above corresponding phase difference.
[0062] As can be seen from the description of the above embodiment, the
embodiment of the present application provides a specific manner of adjusting the
phase. By looking up the phase difference corresponding to the heating power in the
first comparison table, the phase difference close to or equal to the heating power is
directly obtained, which reduces the time for subsequently adjusting the phase
multiple times due to the insufficient iron loss power.
[0063] In a possible implementation, in the above step S203, detecting the electric
motor iron loss power specifically includes: measuring an inlet-outlet temperature
difference and a coolant flow rate of an electric drive system coolant, and determining
the electric motor iron loss power according to the inlet-outlet temperature difference
and the coolant flow rate.
[0064] In a possible implementation, a calculation formula for determining the
electric motor iron loss power according to the inlet-outlet temperature difference and
the coolant flow rate is as follows:

P=C-D-F-AT-A
where P is the electric motor iron loss power, C is a coolant specific heat capacity, D
is a coolant density, F is the coolant flow rate, AT is the inlet-outlet temperature
difference, and A is a constant.
[0065] The measurement of the inlet-outlet temperature difference of the electric
drive system coolant may be obtained by detection with a temperature sensor. The
coolant flow rate may be obtained by measurement with a flow rate measuring
instrument, or may be obtained by calculation from the power of a pump that causes
the coolant to flow.
[0066] The temperature sensor may be a contact temperature sensor or a
non-contact temperature sensor. The constant A may be used to unify the unit, and

may also be adjusted based on an empirical value to eliminate an error. The coolant
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density D may be 1.0559kg/m3, and the coolant specific heat capacity C may be 3.13.
Different coolants may have different densities and specific heat capacities, which is
not limited in the present application. The coolant flow rate may be 10L/min, which is
only an example here, and the unit and value of the flow rate may also be adjusted
according to different situations.

[0067] It can be seen from the description of the above embodiment that in the
embodiment of the present application, the electric motor iron loss power is
determined by the inlet-outlet temperature difference and the coolant flow rate of the
electric drive system coolant that are obtained by measurement, which facilitates the
phase adjustment.

[0068] In a possible implementation, in the above step S203, after adjusting the
phase difference of the three-phase pulses, the method further includes:

S204: if the phase difference of the three-phase pulses reaches a maximum
value, and the difference between the electric motor iron loss power and the heating
power is greater than the preset value, continuously detecting the electric motor iron
loss power and increasing a current value until the difference between the electric
motor iron loss power and the heating power is less than the preset value.

[0069] In this step, increasing the current value may be increasing the current
value according to a preset value, or may be determining the magnitude of the current
that needs to be increased according to the difference between the electric motor iron
loss power and the heating power.

[0070] Specifically, a corresponding current value that needs to be increased may
be looked up in a preset third comparison table, and a relationship between a
difference between an electric motor iron loss power and a heating power and a
current value is stored in the third comparison table. In this step, “until the difference
between the electric motor iron loss power and the heating power is less than a preset
value” is similar to that in step S203, and is not described here again.

[0071] It can be seen from the description of the above embodiment that in the
embodiment of the present application, the current is increased in a case that the phase

difference reaches the maximum value and that the electric motor iron loss power
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does not reach the heating power and the difference between the electric motor iron
loss power and the heating power is large, which achieves the effect of further
increasing the heating efficiency of the electric motor.

[0072] In a possible implementation, after the above step S201, i.e. after receiving
the heating instruction sent by the heat management system, where the heating
instruction includes the heating power, the method further includes the following
steps.

[0073] S202A: determining a current value of each phase of the three-phase
pulses according to the heating power.

[0074] In this step, the current value of each phase of the three-phase pulses may
be calculated according to the heating power and properties of the electric motor and
the electric vehicle electronic control. The current value of each phase of the
three-phase pulse may also be looked up in a preset fourth comparison table, where
the fourth comparison table stores a relationship between a heating power and each
phase of the three-phase pulses.

[0075] S203A: changing a duty cycle of at least one phase of the three-phase
pulses to increase a copper loss.

[0076] In this step, the duty cycle may be changed by a symmetrical modulation
method. When the duty cycle of one phase of the three-phase pulses is different from
the other two phases, since the pulses of three phases do not overlap, the current will
increase in the non-overlapping part, and the current will gradually decrease in the
overlapping part. FIG. 4 is a schematic diagram of a duty cycle of three-phase pulses
provided by an embodiment of the present application. As shown in FIG. 4, in the
bold part where the pulses of three phases do not overlap, the current increases. The
duty cycle change is usually small, and the current increases less. In the overlapping
part of the pulses of three phases, the voltages of the three phases are the same. Due to
an impedance in the circuit, the current slowly decreases. The maximum current value
is small at this time, such as 2A in the figure, and the iron loss is small at this time.
[0077] S204A: measuring an actual copper loss power, and adjusting the phase of

the three-phase pulses according to the actual copper loss power and the heating
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power to increase an iron loss.
[0078] In this step, the method of measuring the actual copper loss power may
also be similar to the method used in the above step S203, i.e., the actual power may
be obtained by measuring the coolant temperature change.
[0079] In a possible implementation, measuring the actual copper loss power
specifically includes:

measuring its own current value and voltage value, and determining the
actual copper loss power according to its own current value and voltage value; or,
measuring an inlet-outlet temperature difference and a coolant flow rate of an electric
drive system coolant, and determining the actual copper loss power of the electric
motor according to the inlet-outlet temperature difference and the coolant flow rate.
[0080] Here, a calculation formula for determining the actual copper loss power
according to its own current value and voltage value is as follows:

P=ljc+Uqc

P, is the actual copper loss power, I4. is its own current value, and Uy, is its own
voltage value.
[0081] The method for determining the actual copper loss power of the electric
motor according to the inlet-outlet temperature difference and the coolant flow rate is
similar to the above step S203, and will not be repeated here.
[0082] S205A: continuously detecting a total loss power generated by the copper
loss and the iron loss, determining a difference between the total loss power and the
heating power, and adjusting the phase difference of the three-phase pulses according
to the difference between the total loss power and the heating power until the
difference between the total loss power and the heating power is less than a preset
value, to realize the active heating of the electric motor.
[0083] This step is similar to the above step S203, and will not be repeated here.
[0084] As can be seen from the description of the above embodiment, the
embodiment of the present application provides the method in which the method of
adjusting the duty cycle is used for heating firstly, and in a case that the adjustment of

the duty cycle is not enough to achieve the required heating power, the method of
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adjusting the phase is then used to supplement the heat, which can achieve the effect
of further increasing the heating speed of the battery.
[0085] In a possible implementation, determining the current value of each phase
of the three-phase pulses according to the heating power in the above step S204A
specifically includes:

determining the current value of each phase of the three-phase pulses
according to an electric motor resistance, a conduction voltage drop of a built-in
power transistor, a single-switching loss per unit current of the built-in power
transistor, a switching frequency of the built-in power transistor and a current
relationship of the three-phase pulses.
[0086] In a possible implementation, a calculation formula for determining the
current value of each phase of the three-phase pulses according to the electric motor
resistance, the conduction voltage drop of the built-in power transistor, the
single-switching loss per unit current of the built-in power transistor, the switching
frequency of the built-in power transistor and the current relationship of the
three-phase pulses is as follows:

P=(GAHIHDRHIH, ) VeI H,H1)Q - F
where -I=I,+1., Iy=k-I,

in the formula, I, is the current of phase a, I, is the current of phase b, I, is the
current of phase ¢, R is the electric motor resistance, V.. is the conduction voltage
drop of the built-in power transistor, Q is the single-switching loss per unit current of
the built-in power transistor, F is the switching frequency of the built-in power
transistor, and k is a constant determined according to a rotor position. Here,
-I,=I,+I. and I,=k'I. represent the current relationship of the three-phase pulses. The
built-in power transistor may be a power transistor built in the electric vehicle
electronic control.
[0087] As can be seen from the description of the above embodiment, the
embodiment of the present application provides the calculation method of the current

value of each phase of the three-phase pulses, which can achieve the effect of
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enabling the initial current value to be relatively large and is thus beneficial to
temperature rise.

[0088] In a possible implementation, adjusting the phase of the three-phase pulses
according to the actual copper loss power and the heating power in the above step
S204A includes the following steps.

[0089] S204A1: calculating a difference between the actual copper loss power and
the heating power, and looking up a corresponding phase difference in a second
comparison table according to the difference between the actual copper loss power
and the heating power, where the second comparison table includes a correspondence
between a difference between an actual copper loss power and a heating power and a
phase difference.

[0090] This step is similar to the above step S2021, and will not be repeated here.
[0091] S204A2: adjusting the phase of the three-phase pulses using the
corresponding phase difference.

[0092] This step is similar to the above step S2022, and will not be repeated here.
[0093] As can be seen from the description of the above embodiment, in the
embodiment of the present application, the phase difference corresponding to the
difference between the actual copper loss power and the heating power is obtained by
looking up the correspondence, and the phase of the three-phase pulses is adjusted
using the obtained phase difference, which achieves the effect of accelerating the
heating speed of the electric motor.

[0094] FIG. 5 is a schematic diagram of an active heating apparatus for an electric
motor provided by an embodiment of the present application. As shown in FIG. 5, the
active heating apparatus 500 for the electric motor includes: an instruction receiving
module 501, a first adjusting module 502 and a second adjusting module 503.

[0095] The instruction receiving module 501 is configured to receive a heating
instruction sent by a heat management system, where the heating instruction includes
a heating power.

[0096] The first adjusting module 502 is configured to input a current to the

electric motor and adjust a phase of three-phase pulses according to the heating
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power.
[0097] The second adjusting module 503 is configured to continuously detect an
electric motor iron loss power, determine a difference between the electric motor iron
loss power and the heating power, and adjust a phase difference of the three-phase
pulses according to the difference between the electric motor iron loss power and the
heating power until the difference between the electric motor iron loss power and the
heating power is less than a preset value, to realize active heating of the electric
motor.

[0098] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.

[0099] In a possible implementation, the first adjusting module 502 is specifically
configured to: input the current with a preset magnitude to the electric motor, and look
up a corresponding phase difference in a preset first comparison table according to the
heating power, where the preset first comparison table includes a correspondence
between a heating power and a phase difference; adjust the phase of the three-phase
pulses using the corresponding phase difference.

[0100] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.

[0101] In a possible implementation, the second adjusting module 503 is
specifically configured to: measure an inlet-outlet temperature difference and a
coolant flow rate of an electric drive system coolant, and determine the electric motor
iron loss power according to the inlet-outlet temperature difference and the coolant
flow rate.

[0102] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles

and technical effects thereof are similar, and details will not be described here again in
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this embodiment.
[0103] In a possible implementation, for measuring the inlet-outlet temperature
difference and the coolant flow rate of the electric drive system coolant, and
determining the electric motor iron loss power according to the inlet-outlet
temperature difference and the coolant flow rate, a calculation formula used by the
second adjusting module 503 may be:

P=C-D-F-AT-A
where P is the electric motor iron loss power, C is a coolant specific heat capacity, D
is a coolant density, F is the coolant flow rate, AT is the inlet-outlet temperature
difference, and A is a constant.
[0104] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.
[0105] Continue referring to FIG. 5. As shown in FIG. 5, in a possible
implementation, the active heating apparatus 500 for the electric motor further
includes a power increasing module 504.
[0106] The power increasing module 504 is configured to, if the phase difference
of the three-phase pulses reaches a maximum value, and the difference between the
electric motor iron loss power and the heating power is greater than the preset value,
continuously detect the electric motor iron loss power and increase a current value
until the difference between the electric motor iron loss power and the heating power
is less than the preset value.
[0107] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.
[0108] Continue referring to FIG. 5. In a possible implementation, as shown in
FIG. 5, the active heating apparatus 500 for the electric motor further includes: a

current determining module 505, a third adjusting module 506, a fourth adjusting
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module 507 and a fifth adjusting module 508.

[0109] The current determining module 505 is configured to determine a current
value of each phase of the three-phase pulses according to the heating power.

[0110] The third adjusting module 506 is configured to change a duty cycle of at
least one phase of the three-phase pulses to increase a copper loss.

[0111] The fourth adjusting module 507 is configured to measure an actual copper
loss power, and adjust the phase of the three-phase pulses according to the actual
copper loss power and the heating power to increase an iron loss.

[0112] The fifth adjusting module 508 is configured to continuously detect a total
loss power generated by the copper loss and the iron loss, determine a difference
between the total loss power and the heating power, and adjust the phase difference of
the three-phase pulses according to the difference between the total loss power and the
heating power until the difference between the total loss power and the heating power
is less than a preset value, to realize the active heating of the electric motor.

[0113] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.

[0114] In a possible implementation, the above current determining module 505 is
specifically configured to determine the current value of each phase of the three-phase
pulse according to an electric motor resistance, a conduction voltage drop of a built-in
power transistor, a single-switching loss per unit current of the built-in power
transistor, a switching frequency of the built-in power transistor and a current
relationship of the three-phase pulses.

[0115] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.

[0116] In a possible implementation, a calculation formula used by the above

current determining module 505 is as follows:
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P=(IaA15 18R+, + 1y 1) Voot (I +H)Q - F
where -I=I,+1., Iy=k-I,

in the formula, I, is the current of phase a, I, is the current of phase b, I, is the
current of phase ¢, R is the electric motor resistance, V.. is the conduction voltage
drop of the built-in power transistor, Q is the single-switching loss per unit current of
the built-in power transistor, F is the switching frequency of the built-in power
transistor, and k is a constant determined according to a rotor position.
[0117] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.
[0118] In a possible implementation, the fourth adjusting module 507 is
specifically configured to: measure its own current value and voltage value, and
determine the actual copper loss power according to its own current value and voltage
value; or measure an inlet-outlet temperature difference and a coolant flow rate of an
electric drive system coolant, and determine the actual copper loss power of the
electric motor according to the inlet-outlet temperature difference and the coolant
flow rate.
[0119] The apparatus provided in this embodiment can be configured to execute
the technical solutions in the foregoing method embodiments. Implementation
principles and technical effects thereof are similar, and details will not be described
here again in this embodiment.
[0120] In a possible implementation, the fourth adjusting module 507 is
specifically configured to: calculate a difference between the actual copper loss power
and the heating power, and look up a corresponding phase difference in a second
comparison table according to the difference between the actual copper loss power
and the heating power, where the second comparison table includes a correspondence
between a difference between an actual copper loss power and a heating power and a

phase difference; adjust the phase of the three-phase pulses using the corresponding
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phase difference.

[0121] The apparatus provided in this embodiment can be used to execute the
technical solutions in the foregoing method embodiments. Implementation principles
and technical effects thereof are similar, and details will not be described here again in
this embodiment.

[0122] In order to implement the above embodiments, an embodiment of the
present application further provides an electronic device.

[0123] Referring to FIG. 6, FIG. 6 shows a schematic structural diagram of an
electronic device 600 suitable for implementing an embodiment of the present
application. The electronic device 600 may be a data processing device in an electric
vehicle. The electronic device shown in FIG. 6 is merely an example, and should not
bring any limitation to the function and use scope of the embodiments of the present
application.

[0124] As shown in FIG. 6, the electronic device 600 may include a processing
apparatus (e.g., a central processing unit, a graphics processing unit, etc.) 601, which
may perform various appropriate actions and processing according to a program
stored in a read only memory (Read Only Memory, ROM) 602 or a program loaded
from a storage apparatus 608 into a random access memory (Random Access Memory,
RAM) 603. In the RAM 603, various programs and data necessary for the operation
of the electronic device 600 are also stored. The processing apparatus 601, the ROM
602 and the RAM 603 are connected to each other through a bus 604. An input/output
(I/0) interface 605 is also connected to the bus 604.

[0125] Generally, the following apparatuses may be connected to the I/O interface
605: an input apparatus 606 including, for example, a touch screen, a touch pad, a
keyboard, a mouse, a camera, a microphone, an accelerometer, a gyroscope, etc.; an
output apparatus 607 including, for example, a liquid crystal display (Liquid Crystal
Display, LCD), a speaker, a vibrator, etc.; the storage apparatus 608 including, for
example, a tape, a hard disk, etc.; and a communication apparatus 609. The
communication apparatus 609 may allow the electronic device 600 to perform

wireless or wired communication with other devices to exchange data. Although FIG.
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6 illustrates the electronic device 600 with various apparatuses, it should be
understood that it is not necessary to implement or provide all of the illustrated
apparatuses. More or fewer apparatuses may alternatively be implemented or
provided.

[0126] In particular, according to embodiments of the present application, the
processes described above with reference to the flowcharts may be implemented as
computer software programs. For example, an embodiment of the present application
includes a computer program product including a computer program carried on a
computer-readable storage medium. The computer program includes program code
for performing the method illustrated in the flowchart. In such an embodiment, the
computer program may be downloaded from the network through the communication
device 609 and installed, or installed from the storage apparatus 608, or installed from
the ROM 602. When the computer program is executed by the processing apparatus
601, the above functions defined in the methods of the embodiments of the present
application are performed.

[0127] It should be noted that the computer-readable storage medium described
above in the present application may be a computer-readable signal medium or a
computer storage medium, or any combination thereof. The computer-readable
storage medium may be, for example, but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared or semiconductor system, apparatus or device, or
any combination thereof. More specific examples of the computer-readable storage
medium may include, but not limited to: an electrical connection having one or more
wires, a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or
flash memory), an optical fiber, a portable compact disk read-only memory
(CD-ROM), an optical storage device, a magnetic storage device, or any suitable
combination thereof. In the present application, a computer-readable storage medium
may be any tangible medium that contains or stores a program for use by or in
connection with an instruction execution system, apparatus or device. In the present

application, a computer-readable signal medium may include a data signal propagated
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in baseband or as part of a carrier wave, in which computer-readable program code is
carried. Such propagated data signal may take a variety of forms including, but not
limited to, an electromagnetic signal, an optical signal, or any suitable combination of
the foregoing. A computer-readable signal medium may also be any
computer-readable storage medium other than the computer-readable storage medium,
and can send, propagate or transmit a program for use by or in connection with an
instruction execution system, apparatus or device. Program code contained on a
computer-readable storage medium may be transmitted using any appropriate medium,
including but not limited to: a wire, an optical cable, RF (radio frequency), etc., or any
suitable combination of the foregoing.

[0128] The computer-readable storage medium may be included in the above
electronic device, or may exist alone without being assembled into the electronic
device.

[0129] The computer-readable storage medium carries one or more programs, and
when the one or more programs are executed by the electronic device, the electronic
device is caused to perform the methods shown in the foregoing embodiments.

[0130] The computer program code for carrying out operations of the present
application may be written in one or more programming languages, including
object-oriented programming languages such as Java, Smalltalk, C++, and
conventional procedural programming languages such as the “C” language or similar
programming languages, or combinations thereof. The program code may be executed
entirely on a user computer, or partly on the user computer, or as a stand-alone
software package, or partly on the user computer and partly on a remote computer, or
entirely on the remote computer or server. In the case of a remote computer, the
remote computer may be connected to the user computer through any type of network,
including a local area network (Local Area Network, LAN) or a wide area Network
(Wide Area Network, WAN), or it may be connected to an external computer (for
example, through the Internet using an Internet service provider).

[0131] The flowcharts and block diagrams in the accompanying drawings

illustrate architectures, functions and operations of possible implementations of
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systems, methods and computer program products according to various embodiments
of the present application. In this regard, each block in the flowcharts or block
diagrams may represent a module, a program segment, or a portion of code, which
contains one or more executable instructions for implementing the specified logical
functions. It should also be noted that in some alternative implementations, the
functions noted in the blocks may also occur in a different order than those noted in
the figures. For example, two blocks shown in succession may in fact be executed
substantially in parallel, or they may sometimes be executed in the reverse order,
depending on the function involved. It is also noted that each block in the block
diagrams and/or flowcharts, and combinations of blocks in the block diagrams and/or
flowcharts, can be implemented with dedicated hardware-based systems that perform
the specified functions or operations, or can be implemented with a combination of
dedicated hardware and computer instructions.

[0132] The modules described in the embodiments of the present application may
be implemented by means of software or hardware. The name of the unit does not
constitute a limitation on the module itself under certain circumstances. For example,
the first adjusting module may also be described as a “three-phase pulse phase
adjusting module”.

[0133] The functions described herein above may be performed, at least in part,
by one or more hardware logic components. For example, and without limitation,
exemplary types of hardware logic components that may be used include: Field
Programmable Gate Arrays (FPGAs), Application Specific Integrated Circuits
(ASICs), Application Specific Standard Products (ASSPs), System on a Chip (SOCs),
Complex Programmable Logic Devices (CPLDs), etc.

[0134] In the context of the present application, a machine-readable medium may
be a tangible medium that can contain or store a program for use by or in connection
with an instruction execution system, apparatus or device. The machine-readable
medium may be a machine-readable signal medium or a machine-readable storage
medium. The machine-readable medium may include, but is not limited to, an

electronic, magnetic, optical, electromagnetic, infrared or semiconductor system,
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apparatus or device, or any suitable combination of the foregoing. More specific
examples of the machine-readable storage medium would include an electrical
connection based on one or more wires, a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suitable combination thereof.

[0135] The above description is only a description of the preferred embodiments
of the present application and the applied technical principles. Those skilled in the art
should understand that the disclosure scope involved in the present application is not
limited to the technical solutions formed by the specific combination of the above
technical features, and should also cover other technical solutions formed by any
combination of the above technical features or their equivalent features without
departing from the above disclosed concept, for example, the technical solution
formed by replacing the above features with (but not limited to) technical features
having functions similar to those disclosed in the present application.

[0136] Other embodiments of the present application will readily occur to those
skilled in the art upon consideration of the specification and practice of the invention
disclosed herein. The present application is intended to cover any variations, uses or
adaptive changes of the present application, and these variations, uses or adaptive
changes follow the general principles of the present application and include the
common knowledge or conventional technical means in the technical field that is not
disclosed in the present application. The specification and embodiments are
considered as exemplary only, with a true scope and spirit of the present application
being indicated by the following claims.

[0137] It should be understood that the present application is not limited to the
precise structures that have been described above and illustrated in the accompanying
drawings, and that various modifications and changes may be made without departing
from the scope thereof. The scope of the present application is limited only by the

appended claims.
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CLAIMS

1. An active heating method for an electric motor, comprising:

receiving a heating instruction sent by a heat management system, wherein the
heating instruction comprises a heating power;

inputting a current to the electric motor and adjusting a phase of three-phase
pulses according to the heating power;

continuously detecting an electric motor iron loss power, determining a
difference between the electric motor iron loss power and the heating power, adjusting
and adjusting a phase difference of the three-phase pulses according to the difference
between the electric motor iron loss power and the heating power until the difference
between the electric motor iron loss power and the heating power is less than a preset
value, to realize active heating of the electric motor.

2. The method according to claim 1, wherein the inputting the current to the
electric motor and adjusting the phase of the three-phase pulses according to the
heating power comprises:

inputting the current with a preset magnitude to the electric motor, and looking
up a corresponding phase difference in a preset first comparison table according to the
heating power, wherein the preset first comparison table comprises a correspondence
between heating power and a phase difference;

adjusting the phase of the three-phase pulses using the corresponding phase
difference.

3. The method according to claim 1 or 2, wherein the detecting the electric motor
iron loss power comprises:

measuring an inlet-outlet temperature difference and a coolant flow rate of an
electric drive system coolant, and determining the electric motor iron loss power
according to the inlet-outlet temperature difference and the coolant flow rate.

4. The method according to claim 3, wherein a calculation formula for

determining the electric motor iron loss power according to the inlet-outlet
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temperature difference and the coolant flow rate is as follows:
P=C-D-F-AT-A

wherein P is the electric motor iron loss power, C is a coolant specific heat
capacity, D is a coolant density, F is the coolant flow rate, AT is the inlet-outlet
temperature difference, and A is a constant.

5. The method according to any one of claims 1 to 4, wherein after adjusting the
phase difference of the three-phase pulses, the method further comprises:

if the phase difference of the three-phase pulses reaches a maximum value, and
the difference between the electric motor iron loss power and the heating power is
greater than the preset value, continuously detecting the electric motor iron loss power
and increasing a current value until the difference between the electric motor iron loss
power and the heating power is less than the preset value.

6. The method according to any one of claims 1 to 5, wherein after receiving the
heating instruction sent by the heat management system, wherein the heating
instruction comprises the heating power, the method further comprises:

determining a current value of each phase of the three-phase pulses according to
the heating power;

changing a duty cycle of at least one phase of the three-phase pulses to increase a
copper loss;

measuring an actual copper loss power, and adjusting the phase of the
three-phase pulses according to the actual copper loss power and the heating power to
increase an iron loss;

continuously detecting a total loss power generated by the copper loss and the
iron loss, determining a difference between the total loss power and the heating power,
and adjusting the phase difference of the three-phase pulse according to the difference
between the total loss power and the heating power until the difference between the
total loss power and the heating power is less than a preset value, to realize the active
heating of the electric motor.

7. The method according to claim 6, wherein the determining the current value of

each phase of the three-phase pulses according to the heating power comprises:
30



10

15

20

25

determining the current value of each phase of the three-phase pulse according to
an electric motor resistance, a conduction voltage drop of a built-in power transistor, a
single-switching loss per unit current of the built-in power transistor, a switching
frequency of the built-in power transistor and a current relationship of the three-phase
pulses.

8. The method according to claim 7, wherein a calculation formula for
determining the current value of each phase of the three-phase pulses according to the
electric motor resistance, the conduction voltage drop of the built-in power transistor,
the single-switching loss per unit current of the built-in power transistor, the switching
frequency of the built-in power transistor and the current relationship of the

three-phase pulses is as follows:
P=(13+T5+13 ) RH+(I,+1y+) Ve (I, +1,+1)Q - F

wherein -I,=I,+1,, I,=kI,

in the formula, I, is a current of phase a, I, is a current of phase b, I; is a
current of phase ¢, R is the electric motor resistance, V., is the conduction voltage
drop of the built-in power transistor, Q is the single-switching loss per unit current of
the built-in power transistor, F is the switching frequency of the built-in power
transistor, and k is a constant determined according to a rotor position.

9. The method according to any one of claims 6 to 8, wherein the measuring the
actual copper loss power comprises:

measuring its own current value and voltage value, and determining the actual
copper loss power according to its own current value and voltage value; or

measuring an inlet-outlet temperature difference and a coolant flow rate of an
electric drive system coolant, and determining the actual copper loss power of the
electric motor according to the inlet-outlet temperature difference and the coolant
flow rate.

10. The method according to any one of claims 6 to 9, wherein the adjusting the
phase of the three-phase pulses according to the actual copper loss power and the

heating power comprises:
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calculating a difference between the actual copper loss power and the heating
power, and looking up a corresponding phase difference in a second comparison table
according to the difference between the actual copper loss power and the heating
power, wherein the second comparison table comprises a correspondence between a
difference between an actual copper loss power and a heating power and a phase
difference;

adjusting the phase of the three-phase pulses using the corresponding phase
difference.

11. An active heating apparatus for an electric motor, comprising:

an instruction receiving module, configured to receive a heating instruction sent
by a heat management system, wherein the heating instruction comprises a heating
power;

a first adjusting module, configured to input a current to the electric motor and
adjust a phase of three-phase pulses according to the heating power;

a second adjusting module, configured to continuously detect an electric motor
iron loss power, determine a difference between the electric motor iron loss power
and the heating power, and adjust a phase difference of the three-phase pulses
according to the difference between the electric motor iron loss power and the heating
power until the difference between the electric motor iron loss power and the heating
power is less than a preset value, to realize active heating of the electric motor.

12. An electronic device, comprising: a processor, and a memory
communicatively connected to the processor;

the memory stores computer execution instructions;

the processor executes the computer execution instructions stored in the memory,
so that the processor executes the active heating method for the electric motor
according to any one of claims 1 to 10.

13. A computer-readable storage medium, wherein the computer-readable
storage medium stores computer execution instructions, and when the computer
execution instructions are executed by a processor, the active heating method for the

electric motor according to any one of claims 1 to 10 is implemented.
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14. A computer program product, comprising a computer program, wherein the
active heating method for the electric motor according to any one of claims 1 to 10 is

implemented when the computer program is executed by a processor.
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