CONTROL METHOD OF ELECTRIC DRIVE SYSTEM OF VEHICLE, ELECTRIC
DRIVE SYSTEM, AND VEHICLE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure clams priority to Chinese Patent Application No.
202110351040.0, entitled "Control method for electric drive system of vehicle, electric drive
system, and vehicle" and filed on March 31, 2021, which isincorporated herein by referencein its

entirety.

FIELD

[0002] The present disclosure relates to the technical field of vehicles, and specifically,

to acontrol method for an electric drive system of avehicle, an e ectric drive system, and avehicle.

BACKGROUND

[0003] Incold areas or cold working conditions, the charging and discharging capacity
of power batteries for new energy vehicles is limited due to the influence of low temperature,
which affects the overall performance of the vehicle.

[0004] Therefore, in the related art, a method for improving the heating effect using
electric motor waste heat is proposed. A battery cooler and electric motor waste heat are used in
the technology to improve the heating performance of a heat pump and defrost an external
condenser. However, in thistechnol ogy, the amount of el ectric motor waste heat isnot controllable,
and the effectiveness of motor waste heat utilization is poor when the ambient temperatureis very
low.

[0005] In the related art, a vehicle and a power battery heating device and method
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thereof are also proposed. In the technology, when a power battery needs to be heated, a three-
phase aternating current (AC) motor is controlled to generate heat to heat a coolant flowing
through the power battery. In the heating process, the phase current of the three-phase AC motor
is adjusted according to a preset direct axis current and a preset quadrature axis current, such that
the motor shaft output cannot move the vehicle, and the motor output shaft is only caused to output
a pre-tightening force to a transmission mechanism to cancel the meshing clearance and prevent
the jitter of the vehicle. Although this technology can control the heat generated by an electric

drive system, it can only be used when the vehicle is stationary, so the applications are limited.

SUMMARY

[0006] The present disclosure provides a control method for an electric drive system of
a vehicle, an electric drive system and a vehicle. The heat generation rates of the electric drive
system and the power battery itself are accelerated by adjusting a direct axis current value and a
quadrature axis current value of an electric motor, so that the heat can be applicable to thermal
management of the vehicle, and the electric drive system of the vehicle is suitable for usein cold
areas.

[0007] Inafirst aspect, the present disclosure provides a control method for an electric
drive system of avehicle. The el ectric drive system includes an el ectric motor and an electric motor
controller. The method includes:

[0008] acquiring a shaft torque of the electric motor and a present operating point of the
vehicle in response to a vehicle heating demand signal;

[0009] acquiring apresent heat generation power of the electric drive system according

to the present operating point of the vehicle;



[0010] determining a current adjustment amplitude according to a required heating
power of the vehicle and the present heat generation power;

[0011] acquiring athree-phase current value and a position value of the e ectric motor,
and acquiring apresent direct axis current value and a present quadrature axis current value of the
electric motor at the present operating point of the vehicle according to the three-phase current
value and the position value;

[0012] controlling the present direct axis current value to oscillate at a preset change
frequency and the current adjustment amplitude as atarget direct axis current value;

[0013] acquiring atarget quadrature axis current value according to the target direct axis
current value and the shaft torque of the electric motor;

[0014] acquiring an el ectric motor drive signal according to the target direct axis current
value, thetarget quadrature axis current value, the present direct axis current value, and the present
guadrature axis current value; and

[0015] sending the electric motor drive signal to the electric motor controller, to control
the operation of the electric motor.

[0016] In the control method for an electric drive system of a vehicle according to the
embodiment of the present disclosure, the target quadrature axis current value is acquired
according to the target direct axis current value and the shaft torque of the electric motor, and the
shaft torque of the el ectric motor of the vehicleisensured to be unchanged when the vehicletravels,
so asto avoid the discomfort caused by jitter of the vehicle. The target direct axis current valueis
controlled to oscillate at a preset change frequency and the current adjustment amplitude, which
makes the el ectric drive system heat up. Moreover, the current flowing through the power battery

itself oscillates to accelerate the heat generation rate of the power battery itself. Accordingly, the



electric drive system of the vehicleis suitable for use in cold areas, and the heat generated by the
power battery itself and the heat of the electric drive system are also applicable to thermal
management of the vehicle. Moreover, the control method for an electric drive system of avehicle
only requires the improvement of the software with no need to change the hardware architecture,
has low cost, and is easy to be popularized.

[0017] In a second aspect, the present disclosure provides an eectric drive system,
which includes. an electric motor and an electric motor controller; a current sensor, configured to
collect a three-phase current value of the electric motor; a position sensor, configured to collect a
position value of the electric motor; a processor, connected to the electric motor controller, the
current sensor and the position sensor, and configured to implement the control method for an
electric drive system of avehicle in any of the foregoing embodiments.

[0018] In the eectric drive system according to the embodiment of the present
disclosure, generic hardware of the electric drive system can be used, and the control method for
an electric drive system of avehicle in any of the foregoing embodiments is implemented by the
processor. Thetarget direct axis current valueis controlled to oscill ate at a preset change frequency
and a current adjustment amplitude, to makes the electric drive system heat up. Moreover, the
current flowing through the power battery itself oscillates to accelerate the heat generation rate of
the power battery itself. Accordingly, the eectric drive system of the vehicle is suitable for use in
cold areas, and the heat generated by the power battery itself and the heat of the electric drive
system are also applicable to thermal management of the vehicle. Moreover, the control method
for an electric drive system of a vehicle only requires the improvement of the software with no
need to change the hardware architecture, has low cost, and is easy to be popul arized.

[0019] In athird aspect, the present disclosure provides a vehicle, which includes: a



heating demand system and a vehicle controller, where the vehicle controller is configured to send
avehicle heating demand signal when the heating demand system is determined to have a heating
demand; and an electric drive system according to the foregoing embodiment, where the electric
drive system is connected to the vehicle controller, and forms a heat conducting loop with the
heating demand system.

[0020] In the vehicle according to the embodiment of the present disclosure, the heat
conducting loop conducts modul es of the vehiclethat may require heat, for example, power battery.
When a heat generation demand is made for the electric drive system, the vehicle controller
receives a heating demand signal. By the control method for an electric drive system of avehicle
in any of the foregoing embodiments, the quadrature and direct axis current values are controlled
to oscillate at a current adjustment amplitude and a preset change frequency, and the electric motor
controller controls the electric motor to operate. Therefore, the electric drive system can be
adjusted to generate heat dynamically at any operating point of the vehicle, to quickly raise the
temperature of the power battery of the vehicle and other vehicle components.

[0021] Other aspects and advantages of the present disclosure will be given in the
following description, some of which will become apparent from the following description or may

be learned from practices of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and/or other additional aspects and advantages of the present
disclosure will become apparent and comprehensible from the description of embodiments in
connection with accompanying drawings, in which:

[0023] FIG. lisaflow chart of acontrol method for an e ectric drive system of avehicle



according to an embodiment of the present disclosure;

[0024] FIG. 2 is a schematic diagram showing the trgectory of a combination of
guadrature and direct axis currents according to an embodiment of the present disclosure;

[0025] FIG. 3 is a schematic diagram showing a periodically oscillating direct axis
current value according to an embodiment of the present disclosure;

[0026] FIG. 4isaflow chart of acontrol method for an e ectric drive system of avehicle
according to another embodiment of the present disclosure;

[0027] FIG.5isaflow chart of acontrol method for an electric drive system of avehicle
according to another embodiment of the present disclosure;

[0028] FIG. 6isaflow chart of acontrol method for an electric drive system of avehicle
according to another embodiment of the present disclosure;

[0029] FIG. 7isblock diagram of an electric drive system according to an embodi ment
of the present disclosure;

[0030] FIG. 8isablock diagram of avehicle according to an embodiment of the present
disclosure; and

[0031] FIG. 9 is a schematic diagram showing the variation of carrier frequency
according to an embodiment of the present disclosure.

[0032] List of reference numerals:

[0033] 01 vehicle

[0034] 20 heating demand system, 30 vehicle controller, 10 electric drive system;

[0035] 1 electric motor, 2 electric motor controller, 3 current sensor, 4 position sensor,

5 processor.



DETAILED DESCRIPTION

[0036] The embodiments of the present disclosure will be described in detail below, and
the embodi ments described with reference to accompanying drawings are exemplary.

[0037] A control method for an electric drive system of a vehicle according to an
embodiment of the present disclosure will be described below with referenceto FIG. 1 to FIG. 6.

[0038] FIG. lisaflow chart of acontrol method for an e ectric drive system of avehicle
according to an embodiment of the present disclosure.

[0039] Insomeembodimentsof the present disclosure, the el ectric drive system includes
an electric motor and an electric motor controller. The electric motor controller is configured to
control the operating state of the electric motor. For example, the electric motor controller can
control a power switching device to be on or off according to an electric motor drive signal, or
adjusting the operating power of the electric motor to operate at a particular power, so as to meet
the heating adjustment demand of the electric drive system.

[0040] Asshownin FIG. 1, the control method for an electric drive system of avehicle
includes at least Steps S1-S8 which are specifically:

[0041] S1: A shaft torque of the electric motor and a present operating point of the
vehicle are acquired in response to a vehicle heating demand signal.

[0042] In some embodiments of the present disclosure, for example, in cold areas or in
cold working conditions, the charging and discharging capacity of power batteries for vehiclesis
limited due to the influence of low temperature, and the power battery in the vehicle needs to be
heated. The vehicle sends a vehicle heating demand signal to the electric drive system. And for
example, when the vehicle operates, other modulesin the vehicle require heat, it is determined that

thereis aneed to enter the heating adjustment function of the electric drive system. For example,



a heating operation of the air conditioning system by the user is determined, or the user operates
to heat the vehicle occupant compartment, for example, the seats, the vehicle sends a vehicle
heating demand signal to the electric drive system.

[0043] Inresponseto the vehicle heating demand signal, the €l ectric drive system detects
a shaft torque of the electric motor and determines a present operating point of the vehicle. For
example, when the vehicletravels, the shaft torque of the el ectric motor isensured to be unchanged.
By detecting the shaft torque of the electric motor, a present operating point with optimal energy
consumption when the vehicle operates at the shaft torque of the electric motor is determined.

[0044] S2: A present heat generation power of the electric drive system is
acquiredaccording to the present operating point of the vehicle.

[0045] A present operating power of the el ectric motor can be detected, and the present
heat generation power of the electric drive system is acquired according to the present operating
power of the electric motor.

[0046] S3: A current adjustment amplitudeis determined according to arequired vehicle
heating power and the present heat generation power.

[0047] Particularly, the vehicle controller can determine arequired heating power of the
vehicle by comprehensively considering the heating demands of various heating demand systems
in the vehicle, for example, the power battery, the occupant compartment, and other components,
and sends the required heating power of the vehicleto the electric drive system. The heating power
of the electric drive system is related to operating current of the electric motor, and a different
heating power can be generated by adjusting the operating current of the electric motor.

[0048] In some embodiments, when the present heat generation power of the electric

drive system cannot meet the required heating power of the vehicle, the operating current of the



electric motor needs to be adjusted. The electric drive system determines a current adjustment
amplitude for adjusting the operating current of the electric motor according to the required heating
power of the vehicle and the present heat generation power. Particularly, a power difference
between the required heating power of the vehicle and the present heat generation power is
calculated, and the current adjustment amplitude is acquired according to the power difference.
The present heat generation power can be obtained by |ooking up atabl e that showsthe relationship
between the rotational speed of the electric motor, the magnitude of a composite current vector,
and the present heat generation power. The magnitude of acomposite current vector isacomposite
current value of apresent direct axis current value and a present quadrature axis current value, and
the table can be obtained by calibration on a bench in advance. The table is written in the electric
motor controller. As such, the present heat generation power can be obtained according to the
present direct axis current value, the present quadrature axis current value, and the rotationa speed
of the electric motor, with no need to calculate the heat generated by each component, thus
reducing the calculation time.

[0049] Thelarger the power difference, the greater the current adjustment amplitude; or
otherwise, the smaller the current adjustment amplitude.

[0050] The current adjustment amplitude or the preset change frequency at different
operating points of the vehicle may be different, and the preset change frequency or the current
adjustment amplitude can be adjusted to adapt to the vehicle heating demand.

[0051] $4: A three-phase current value and a position value of the electric motor are
acquired, and a present direct axis current value and a present quadrature axis current value of the
electric motor at the present operating point of the vehicle are acquired according to the three-

phase current value and the position value.



[0052] Insomeembodiments of the present disclosure, the position vaue of the electric
motor, such as the real-time rotor position and rotational speed of the electric motor, is acquired
by a position sensor; and a three-phase current value of the electric motor is acquired by a current
sensor between the el ectric motor and the electric motor controller, where the acquired three-phase
current value is athree-phase static current value.

[0053] The present direct axis current value and the present quadrature axis current
value of the electric motor can be acquired by coordinate transformation. For example, the three-
phase current value can be transformed into a two-phase rotatory current value by coordinate
transformation. The two-phase rotatory current value includes the present quadrature axis current
value and the present direct axis current value.

[0054] S5: The present direct axis current value is controlled to oscillate at a preset
change frequency and the current adjustment amplitude as atarget direct axis current value.

[0055] Thestep of controlling the present direct axis current value to oscillate at a preset
change frequency and the current adjustment amplitude as atarget direct axis current valueinclude:
acquiring a first direct axis current value and a second direct axis current value according to the
current adjustment amplitude, the target direct axis current value changing periodicaly at the
preset change frequency with the present direct axis current value as a reference value, the first
direct axis current value as a peak, and the second direct axis current value as a valley. The first
direct axis current value is asum of the present direct axis current value and the current adjustment
amplitude, and the second direct axis current value is a difference between the present direct axis
current value and the current adjustment amplitude.

[0056] Taking asinusoidal wave as an example, the target direct axis current valueisan

effective value having the present direct axis current value as areference value, thefirst direct axis
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current value as a peak, and the second direct axis current value as a valey. That is, the target
direct axis current value is an effective value that oscillates with the present direct axis current
value as areference value at a preset change frequency and the current adjustment amplitude.
[0057] Particularly, FIG. 2 is a schematic diagram showing the trgectory of a
combination of quadrature and direct axis currents according to an embodiment of the present
disclosure. In the figure, the horizontal axisisthe direct axis current value, the vertical axisisthe
quadrature axis current value, and all three curves are constant-torque curves. That is, the
combination of quadrature and direct axis currents at any point of the same curve can output the
same shaft torque of the electric motor, and different torque curves represent different shaft torques
of the electric motor. The value decreases with the torque curve approaching the zero point, and
increases with the torque curve shifting increasingly away from the zero point. That is, the shaft
torque of the electric motor corresponding to torque curve 1 is greater than the shaft torque of the
electric motor corresponding to torque curve 2, which isgreater than the shaft torque of the electric
motor corresponding to torque curve 3. Points A, B, C, D and E on torque curve 3 are operating
points of the vehicle at the same shaft torque of the electric motor, the OF curve is amillion tons
per annum (MTPA) curve, and the GH curve isamaximum torque per voltage (MTPV) curve. The
combined MTPA and MTPV curves are calibrated under multiple boundary conditions, and the
specific calibration method is not described in detail. In the related art, the direct axis current value
is controlled and adjusted in an area defined by OFGH, so the scope of adjustment is limited.
[0058] Insomeembodiments of the present disclosure, the vehicle determinesthat there
isaneed to enter the heat generation adjustment function of the electric drive system according to
the vehicle heating demand. When the vehicle operates at operating point A, the direct axis current

value at operating point A is determined as the present direct axis current value. For example, the
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acquired current adjustment amplitude is Ad and the preset change frequency is f. Operating point
A is determined to be located on torque curve 3. The operating point is slid left and right with the
current adjustment amplitude Ad along torque curve 3 where operating point A is located. The
operating point isslid right from operating point A to the top operating point B, and the direct axis
current value at operating point B is determined to be the first direct axis current value. The
operating point is dlid left from operating point A to the bottom operating point C, and the direct
axis current value at operating point C is determined to be the second direct axis current value. In
FIG. 2, the trgjectory of the combination of quadrature and direct axis currents is the trgectory
A—B—A—C—A on torque curve 3. The target quadrature and direct axis current values are
periodically adjusted. With the time of current adjustment, the direct axis current value will present
a periodically oscillating waveform, such as a sinusoidal waveform, a square waveform or other
suitable waveforms, where the amplitude of the waveform depends on the current adjustment
amplitude.

[0059] FIG. 3 is a schematic diagram showing a periodically oscillating direct axis
current val ue according to an embodiment of the present disclosure. In the figure, the vertical axis
isthedirect axis current value, and the five dotted lines respectively correspond to the target direct
axis current values at operating pointsA, B, C, D, Ein FIG. 2. Sinusoidal curve 1 isadirect axis
current oscillating curve M, where the preset change frequency in the direct axis current oscillating
curve M isf, in Hz; and the current adjustment amplitudeis Ad, in A. Sinusoidal curve 2 is a direct
axis current oscillating curve N, where the preset change frequency in the direct axis current
oscillating curve N is f, in Hz, and the current adjustment amplitude is Adl, in A. The current
adjustment amplitude Ad is a target direct axis current difference from operating point A to

operating point B, or from operating point A to operating point C, and the target direct axis current
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difference from operating point A to operating point B is the same as the target direct axis current
difference from operating point A to operating point C. The current adjustment amplitude Ad1 is a
target direct axis current difference from operating point A to operating point D, or from operating
point A to operating point E, and the target direct axis current difference from operating point A to
operating point D isthe same as the target direct axis current difference from operating point A to
operating point E.

[0060] Insomeembodiments of the present disclosure, the vehicle determinesthat there
isaneed to enter the heat generation adjustment function of the electric drive system according to
the vehicle heating demand. When the vehicle operates at operating point A, the direct axis current
value at operating point A is determined as the present direct axis current value. For example, the
acquired current adjustment amplitude is Ad and the preset change frequency is f. Operating point
A is determined to be located on torque curve 3. The operating point is slid left and right with the
current adjustment amplitude Ad along torque curve 3 where operating point A is located. The
operating point is dlid right from operating point A to the top operating point B, and the direct axis
current value at operating point B is determined to be the first direct axis current value. The
operating point is slid left from operating point A to the bottom operating point C, and the direct
axis current value at operating point C is determined to be the second direct axis current value. In
FIG. 2, the trgjectory of the combination of quadrature and direct axis currents is the trgectory
A—B—A—C—A on torque curve 3. Correspondingly, in FIG. 3, the target direct axis current
value varies on the direct axis current oscillating curve M, and the oscillating trajectory of the
target direct axis current value runs along the direct axis current oscillating curve M.

[0061] Asshownin FIG. 2 and FIG. 3, particularly in FIG. 2, the operating point is

shifted along torque curve 3 from operating point A to operating point B in a direction with
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increasing target direct axis current value and increasing target quadrature axis current value.
Simultaneoudly, the target direct axis current value in FIG. 3 is shifted from point A to point B
along the direct axis current oscillating curve M. In this case, the target direct axis current value
increases, and the target quadrature axis current value increases correspondingly. The operating
point is shifted continuously, along torque curve 3 from operating point B back to operating point
A in adirection with decreasing target direct axis current value and decreasing target quadrature
axis current value, as shown in FIG. 2. Simultaneously, the target direct axis current value in FIG.
3isshifted from point B to point A1 along the direct axis current oscillating curve M. In this case,
thetarget direct axis current value decreases, and the target quadrature axis current val ue decreases
correspondingly. The operating point is shifted continuously, along torque curve 3 from operating
point A to operating point C in a direction with decreasing target direct axis current value and
decreasing target quadrature axis current value, as shown in FIG. 2. Simultaneoudly, the direct axis
current value in FIG. 3 is shifted from point A1 to point C along the direct axis current oscillating
curve M. In this case, the target direct axis current value decreases, and the target quadrature axis
current value decreases correspondingly. The operating point is shifted continuously, from
operating point C back to operating point A along torque curve 3 in a direction with increasing
target direct axis current value and increasing target quadrature axis current value, as shown in
FIG. 2. Simultaneously, the target direct axis current value in FIG. 3 is shifted from point C to
point A2 along the direct axis current oscillating curve M. In this case, the target direct axis current
value increases, and the target quadrature axis current value increases correspondingly. As such,
one oscillation period of the target direct axis current value at operating point A is completed. If
the vehicle continues to operate at operating point A shownin FIG. 2, the above steps are repeated.

[0062] S6: A target quadrature axis current value is acquired according to the target
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direct axis current value and the shaft torque of the electric motor.

[0063] In some embodiments of the present disclosure, when the vehicle travels under
the same conditions, the shaft torque of the electric motor is unchanged. When it is determined
that there is a need to enter the heat generation adjustment function of the electric drive system,
the target direct axis current value is needed to be adjusted, and the target quadrature axis current
value will change accordingly. To ensure the normal driving of the vehicle, the target quadrature
axis current value corresponding to the target direct axis current value needs to be adjusted. For
example, the target quadrature axis current value can be defined by fixed algorithm, and directly
calculated according to the target direct axis current value, with no need to look it up in atable, so
the processis simple.

[0064] S7: An electric motor drive signal is acquired according to the target direct axis
current value, the target quadrature axis current value, the present direct axis current value, and
the present quadrature axis current value. Thetarget direct axis current value, the target quadrature
axis current value, the present direct axis current value, and the present quadrature axis current
value can be processed by calculation or otherwise, to finally obtain the electric motor drive signal.

[0065] S8: The electric motor drive signa is sent to the electric motor controller, to
control the operation of the electric motor. In responseto the el ectric motor drive signal, the electric
motor controller controls a power switching device to be on or off, to control the operation of the
electric motor, so as to meet the heat generation adjustment demand of the electric drive system.
The electric motor controller can also adjust the operating power of the electric motor, to adjust
the heat generated by the electric drive system, for use by other modulesin the vehicle.

[0066] In the control method for an electric drive system of a vehicle according to the

embodiment of the present disclosure, the shaft torque of the e ectric motor, the present operating
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point of the vehicle, and the three-phase current value and the position value of the electric motor
are acquired to acquire the target direct axis current value and the target quadrature axis current
value, and the shaft torque of the electric motor of the vehicle is ensured to be unchanged when
the vehicle travels. The target direct axis current value is controlled to oscillate at a preset change
frequency and the current adjustment amplitude, to accel erate the heat generation rate of the power
battery itself. Accordingly, the electric drive system of the vehicle is suitable for usein cold areas,
and the heat generated by the power battery itself and the heat of the electric drive system are also
applicableto the therma management of the vehicle. Moreover, the control method for an electric
drive system of a vehicle only requires the improvement of the software with no need to change
the hardware architecture, haslow cost, and is easy to be popularized. The heat of the electric drive
system includes heat generated by the electric motor itself and heat generated by the power
switching device of the electric motor controller.

[0067] In some embodiments of the present disclosure, the step of acquiring a present
heat generation power of the eectric drive system according to the present operating point of the
vehicle can be acquiring the present heat generation power by alook-up table method according
to the variation of a synthetic current vector of the electric motor of the current vehicle at different
rotational speeds. The table can be obtained by calibration on a bench in advance according to the
electric drive system, so as to reduce the calculation time needed in the practical control process.

[0068] Insomeembodiments of the present disclosure, the el ectric motor is, for example,
a three-phase permanent magnet synchronous motor. The target direct axis current value and the
target quadrature axis current value satisfy Formula (1-1). For other type of electric motors, a
torque formula corresponding to the electric motor can be configured.

[0069] In the formula, T, is the shaft torque of the electric motor, in Nm;Np is the
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number of pole pairsin the rotor of the electric motor; Lqy isthe direct axisinductance, in uH;Lg
is the quadrature axis inductance, in uH;iy is the target direct axis current value, in A;@s isthe
magnetic flux linkage, in Vs, and i isthetarget quadrature axis current value, inA.
Te = 1.5Np[(Lg — Lq)iq + @¢]iq Formula(1-1)
[0070] In some embodiments of the present disclosure, in the heat generation demand
adjustment of the electric drive system, the target direct axis current value iy is controlled to
oscillate. When the target direct axis current value iy isadjusted to change, the target quadrature

axis current value iy aso change. To ensure the normal driving of the vehicle, the target
quadrature axis current vaue i corresponding to the target direct axis current value iy is
acquired. The target quadrature axis current value i is defined by the algorithm of Formula (1-

1), with no need to acquireit by the table look-up method. When the vehicle travel sunder the same
conditions, the shaft torque of the electric motor T, is unchanged. When it is determined that
there is a need to enter the heat generation adjustment function of the electric drive system, the

target quadrature axis current value i, can be calculated according to the target direct axis current

value iq, and the quadrature and direct axis currents are controlled to oscillate at a preset change
frequency f and the current adjustment amplitude Ad, to meet the normal driving of the vehicle.

[0071] FIG.4isaflow chart of acontrol method for an eectric drive system of avehicle
according to another embodiment of the present disclosure. In some embodiments of the present
disclosure, the control method for an electric drive system of a vehicle further includes Steps SO
and S10, which are specifically:

[0072] S9: Therequired vehicle heating power is determined to change.

[0073] For example, after the vehicle operates for a period of time, the temperature of

the vehicle power battery needs to be adjusted, and the required heating power of the vehicle
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changes, so the heat generation adjustment function of the electric drive system needs to be
adaptively adjusted. Alternatively, the heating demands of other modules in the vehicle changes,
and the heat generation adjustment function of the electric drive system needs to be adjusted to
adapt to the required heating power of the vehicle. For example, a heating operation of the air
conditioning system by the user is determined, or the user operates to heat the vehicle occupant
compartment, for example, the seats, the vehicle sends a corresponding vehicle heating demand
signa to the electric drive system.

[0074]  S10: The current adjustment amplitude or the preset change frequency is adjusted
according to the changed required vehicle heating power.

[0075] In the embodiment of the present disclosure, when it is determined that the
required heating power of the vehicle changes, the current adjustment amplitude Ad is determined
according to the required heating power of the vehicle and the present heat generation power, and
the current adjustment amplitude Ad or the preset change frequency f is adjusted to meet the
vehicle heating power demand. For example, when the heat generation adjustment demand of the
electric drive system increases, the current adjustment amplitude Ad needs to be increased. When
the heat generation adjustment demand of the electric drive system decreases, the current
adjustment amplitude Ad needs to be reduced.

[0076] Referring to FIG. 2 and FIG. 3, for example, when the vehicle operates at
operating point A and the electric drive system has an increased heat generation demand, the
current adjustment amplitude Ad is adjusted to increase, and the combination of the target
guadrature and direct axis currents is accordingly adjusted. For example, the adjusted preset
change frequency is determined to be f in Hz according to a pre-calibrated table or by real-time

calculation by arelevant algorithm, and the adjusted current adjustment amplitude is determined

18



to be Adl in A. Correspondingly, in FIG. 2, the trajectory of the combination of quadrature and
direct axis currents is the trajectory A—>D—A—E—A on torque curve 3. Correspondingly, in FIG.
3, the target direct axis current value is shifted from the direct axis current oscillating curve M to
the direct axis current oscillating curve N, and the oscillating trgjectory of the target direct axis
current value runs along the direct axis current oscillating curve N. The current adjustment
amplitude Adl1 is a target direct axis current difference from operating point A to operating point
D, or from operating point A1 to operating point E, and the target direct axis current difference
from operating point A to operating point D is the same as the target direct axis current difference
from operating point A1 to operating point E.

[0077] Particularly, in FIG. 2, the operating point is shifted from operating point A to
operating point D along torque curve 3 in a direction with increasing target direct axis current
value and increasing target quadrature axis current value. Simultaneously, the target direct axis
current value in FIG. 3 is shifted from point A to point D along the direct axis current oscillating
curve N. In this case, the target direct axis current value increases, and the target quadrature axis
current value increases correspondingly. The operating point is shifted continuously, along torque
curve 3 from operating point D back to operating point A in a direction with decreasing target
direct axis current value and decreasing target quadrature axis current value, as shown in FIG. 2.
Simultaneoudly, the target direct axis current value in FIG. 3 is shifted from point D to point A1
along the direct axis current oscillating curve N. In this case, the target direct axis current value
decreases, and the target quadrature axis current value decreases correspondingly. The operating
point is shifted continuously, along torque curve 3 from operating point A to operating point E in
adirection with decreasing target direct axis current value and decreasing target quadrature axis

current value, as shown in FIG. 2. Simultaneously, the direct axis current valuein FIG. 3 is shifted
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from point A1 to point E aong the direct axis current oscillating curve N. In this case, the target
direct axis current value decreases, and the target quadrature axis current value decreases
correspondingly. The operating point is shifted continuously, along torgue curve 3 from operating
point E back to operating point A in adirection with increasing target direct axis current value and
increasing target quadrature axis current value, as shown in FIG. 2. Simultaneously, the target
direct axis current value in FIG. 3 is shifted from point E to point A2 along the direct axis current
oscillating curve N. In this case, the target direct axis current value increases, and the target
guadrature axis current value increases correspondingly. As such, one oscillation period of the
target direct axiscurrent value at operating point A iscompleted. If the vehicle continuesto operate
at operating point A shown in FIG. 2, the above steps are repeated.

[0078] FIG.5isaflow chart of acontrol method for an electric drive system of avehicle
according to another embodiment of the present disclosure. In some embodiments of the present
disclosure, in Step $4 above, the step of acquiring a present direct axis current value and a present
guadrature axis current value of the electric motor at the present operating point of the vehicle
according to the three-phase current value and the position value includes Steps $41 and $42,
which are specifically:

[0079] $41: The three-phase current value is transformed by Clark transformation into
atwo-phase static current value.

[0080] Clark transformation is a coordinate transformation method, which is used to
transform athree-phase static variable into atwo-phase static variable. A three-phase current value
can be transformed into a two-phase static current value by Clark transformation.

[0081] $42: Thetwo-phase static current value is transformed into a two-phase rotatory

current value by Park transformation. The two-phase rotatory current value includes a present
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guadrature axis current value and a present direct axis current value.

[0082] Park transformation is a coordinate transformation method, which is used to
transform atwo-phase static variable into atwo-phase spinning variable. A two-phase static current
value can be transformed into atwo-phase rotatory current value by Park transformation. The two-
phase rotatory current value includes a present quadrature axis current value and a present direct
axis current value.

[0083] FIG. 6isaflow chart of acontrol method for an electric drive system of avehicle
according to another embodiment of the present disclosure. In Step S7, the step of acquiring an
electric motor drive signa according to the target direct axis current value, the target quadrature
axis current value, the present direct axis current value, and the present quadrature axis current
value includes Steps S71-S75, which are specifically:

[0084] S71: A difference between the target direct axis current value and the present
direct axis current value is calculated to acquire a direct axis current difference, and a difference
between the target quadrature axis current value and the present quadrature axis current value is
calculated to acquire a quadrature axis current difference.

[0085] In some embodiments of the present disclosure, when the target direct axis
current and the target quadrature axis current value vary at a current adjustment amplitude or a
preset change frequency, the outputted target direct axis current and target quadrature axis current
valueareavarying value. Thetimeinterval of acquiring thetarget direct axis current and the target
guadrature axis current value can be set as desired, to ensure the effective operation of the system,
and ensure the dynamic adjustable heat generation of the electric drive system, so as to rapidly
raise the temperature of the on-board power battery and other components in the vehicle.

[0086] S72: Closed loop current adjustment is performed according to the direct axis
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current difference and the quadrature axis current difference, to obtain a direct axis voltage value
and a quadrature axis voltage value.

[0087] When closed loop current adjustment is performed based on the direct axis
current difference and the quadrature axis current difference, proportional integral (Pl) control and
feed-forward decoupling can be used, to obtain a direct axis voltage value and a quadrature axis
voltage value.

[0088] S73: The direct axis voltage value and the quadrature axis voltage value are
transformed into atwo-phase static voltage value by TPark transformation.

[0089] TPark transformation is a coordinate transformation method, which is used to
transform a two-phase rotatory variable into a two-phase static variable. A two-phase rotatory
voltage valueis transformed into a two-phase static voltage value by TPark transformation.

[0090] S74: A bus voltage value of the electric drive system is acquired, where the bus
voltage value a an DC end of an eectronic controller of the system is acquired by the electric
motor controller when the shaft torque of the electric motor, the present operating point of the
vehicle, the three-phase current value and the position value of the electric motor are acquired and
calculated.

[0091] S75: Pulsewidth modulation isperformed according to the bus voltage value and
the two-phase static voltage value to obtain an electric motor drive signal.

[0092] Inthe embodiment of the present disclosure, the bus voltage value and the two-
phase static voltage value are delivered to and modulated by a module having pulse width
modulation function, to acquire an electric motor drive signal, which is sent to the e ectric motor
controller. The eectric motor drive signal can be an on/off signal, to control the power switching

device to be switched on or off. In this way, the operation of the electric motor is controlled, and
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the heat generated by the electric drive system can also be adjusted, to provide heat energy for
others components of the vehicle, thereby meeting the heat generation adjustment demand of the
electric drive system.

[0093] In some embodiments, the electric motor controller includes a power switching
device. When the target direct axis current value is greater than alimit value, the carrier frequency
of the power switching device fluctuatesin a preset range.

[0094] The present inventor findsthat when the direct axis current is greater than alimit
value, the magnetic strength between the stator and rotor is high. When the carrier frequency is
constant, the electric motor has concentrated harmonic voltage and harmonic current at the carrier
frequency fn and frequencies which are integer multiples of the carrier frequency, whereby the
generated electromagnetic interference and high-frequency noise become more prominent under
the heating demand. As shown in FIG. 9, it can be understood that the power switching deviceis
switched or off according to the el ectric motor drive signal, the time from a previous switching on
to a next switching on of the power switching device is a period, and the carrier frequency is the
reciprocal of the period. The preset range is 90% of the current carrier frequency to 110 of the
current carrier frequency. Using this carrier frequency control strategy, the harmonic voltage can
be effectively distributed to awider scope of spectrum, to reduce the vibration of the electric motor
and noise, and optimize the NVH performance of the vehicle.

[0095] FIG. 7isblock diagram of an electric drive system according to an embodiment
of the present disclosure.

[0096] In some embodiments of the present disclosure, an electric drive system 10
includes an electric motor 1, an electric motor controller 2, a current sensor 3, a position sensor 4

and a processor 5, as shown in FIG. 7.
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[0097] When operating, the el ectric motor 1 can provide heat energy to the power battery
and other components of the vehicle. The electric motor controller 2 can control the operation state
of the electric motor 1 according to the el ectric motor drive signal. For example, the electric motor
controller 2 can control the operation of the electric motor by controlling the on or off of the power
switching device. The current sensor 3 can be provided between the electric motor 1 and the
electric motor controller 2, and configured to collect a three-phase current value of the electric
motor 1. The position sensor 4 is configured to collect a position value of the electric motor 1,
where the position value may include the real-time rotor position and rotational speed of the
electric motor.

[0098] The processor 5 isconnected to the e ectric motor controller 2, the current sensor
3 and the position sensor 4, and configured to implement the control method for an electric drive
system of a vehicle according to any of the foregoing embodiments.

[0099] In the €eectric drive system 10 according to the embodiment of the present
disclosure, generic eectric drive system hardware can be used, and the control method for an
electric drive system of a vehicle according to any of the foregoing embodiments isimplemented
by the processor 5, to accelerate the heat generation rate of the power battery itself. Accordingly,
the electric drive system of the vehicle is suitable for use in cold areas, and the heat generated by
the power battery itself is also applicable to thermal management of the vehicle. Moreover, the
control method for an electric drive system of a vehicle only requires the improvement of the
software with no need to change the hardware architecture, has low cost, and is easy to be
popularized.

[0100] FIG. 8isablock diagram of avehicle according to an embodiment of the present

disclosure.
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[0101] In some embodiments of the present disclosure, a vehicle 01 includes a heating
demand system 20, avehicle controller 30, and an electric drive system 10 according to any of the
foregoing embodiments, as shown in FIG. 8.

[0102] The vehicle controller 30 is configured to send a vehicle heating demand signal
when the heating demand system 20 is determined to have a heating demand. The heating demand
system includes multiple modules or components in the vehicle, for example, the power battery,
vehicle occupant compartment, and air conditioning system in new energy vehicles. A temperature
sensor can acquire acurrent ambient temperature and/or the temperature of amodule or component
in the heating demand system 20, and send a heating demand signal if it is determined that the
module or component needs to be heated. Alternatively, a user sends a heating demand signal by
operating a human-machine interaction device such as a display screen or a button.

[0103] The electric drive system 10 is connected to the vehicle controller 30, and the
electric drive system 10 forms a heat conducting loop with the heating demand system 20. The
heat generated by the electric drive system 10 is optionally or totally conducted to other modules
or the power battery in the vehicleby the heat conducting loop. The structure of the heat conducting
loop is not limited herein, and the specific heat conducting flow direction can be determined
according to actual situation of each module in the vehicle.

[0104] Inthevehicle 01 according to the embodiment of the present disclosure, the heat
conducting loop conducts modules in the vehicle 01 that may have heat demand, for example,
power battery. When aheat generation demand israised for the el ectric drive system 10, the vehicle
controller 30 receives a heating demand signal. By the control method for an electric drive system
of avehicle according to any of the foregoing embodiments, the quadrature and direct axis current

values are controlled to oscillate at the current adjustment amplitude and preset change frequency,
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and the electric motor controller 2 controls the electric motor 1 to operate. Therefore, the electric
drive system 10 can be adjusted to generate heat dynamically at any operating point of the vehicle
01, to quickly raise the temperature of the power battery of the vehicle 10 and other components
inthe vehicle.

[0105] In some embodiments of the present disclosure, the heating demand system 20
includes the power battery. For example, for new energy vehicles in cold areas or in severe cold
conditions, the power battery of the vehicle 01 needsto be heated, so the vehicle 01 entersthe heat
generation adjustment demand of the electric drive system 10. By the control method for an electric
drive system of avehicle according to any of foregoing embodiment, the electric drive system 10
is controlled to generate heat, and the heet is delivered to the power battery by the heat conducting
loop, such that the heat generation rate of the power battery is increased, while the shaft torque
output of the electric motor is not affected. In this way, the influence of low temperature on the
charging and discharging performance of the power battery and the vehicle performanceisavoided.

[0106] In some embodiments of the present disclosure, the heating demand system 20
includes the vehicle occupant compartment and the air conditioning system. For example, when a
user isintended to heat the seat in the vehicle occupant compartment, or heat the vehicle by the air
conditioning system, the vehicle 01 enters the heat generation adjustment demand of the electric
drive system 10. By the control method for an electric drive system of a vehicle according to any
of the foregoing embodiment, the electric drive system 10 is controlled to generate heat. While the
vehicles is driven normally, the heat generated by the electric drive system 10 is dynamically
adjusted, and the heating demand system 20 of the vehicleisrapidly heated by the heat conducting
loop, to meet the user's demand.

[0107] Other configurations and operations of the vehicle 01 according to the
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embodiments of the present disclosure are known to those of ordinary skill in the art and will not
be described in detail herein.

[0108] Inthedescription of thisspecification, the description of the reference terms such
as "an embodiment”, "some embodiments’, "exemplary embodiments’, "example", "specific
example”, or "some examples’ means that the specific features, structures, materials or
characteristics described with reference to the embodiment or example areincluded in at least one
embodiment or example of the present disclosure. In this specification, exemplary descriptions of
the foregoing terms do not necessarily refer to the same embodiment or example.

[0109] Although the embodiments of the present disclosure have been shown and
described, a person of ordinary skill in the art should understand that various changes,
modifications, replacements and variations may be made to the embodiments without departing
from the principles and spirit of the present disclosure, and the scope of the present disclosure is

as defined by the appended claims and their equivalents.
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WHAT ISCLAIMED |S:

1. A control method for an electric drive system of avehicle, the electric drive system comprising
an electric motor and an electric motor controller, the method comprising:

acquiring a shaft torque of the electric motor and a present operating point of the vehiclein
response to a vehicle heating demand signal;

acquiring a present heat generation power of the electric drive system according to the present
operating point of the vehicle;

determining a current adjustment amplitude according to a required heating power of the
vehicle and the present heat generation power;

acquiring athree-phase current value and a position val ue of the el ectric motor, and acquiring
apresent direct axis current value and a present quadrature axis current value of the electric motor
at the present operating point of the vehicle according to the three-phase current value and the
position value;

controlling the present direct axis current value to oscillate at a preset change frequency and
the current adjustment amplitude as atarget direct axis current value;

acquiring atarget quadrature axis current value according to thetarget direct axis current value
and the shaft torque of the electric motor;

acquiring an electric motor drive signal according to the target direct axis current value, the
target quadrature axis current value, the present direct axis current value, and the present
guadrature axis current value; and

sending the electric motor drive signal to the electric motor controller, to control operation of

the electric motor.
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2. The control method for an electric drive system of avehicle according to claim 1, wherein the
step of controlling the present direct axis current value to oscillate at a preset change frequency
and the current adjustment amplitude as atarget direct axis current value comprises:

acquiring afirst direct axis current value and a second direct axis current value according to
the current adjustment amplitude, the target direct axis current value changing periodicaly at the
preset change frequency with the present direct axis current value as a reference value, the first
direct axis current value as a peak, and the second direct axis current value as avalley, wherein the
first direct axis current value is a sum of the present direct axis current value and the current
adjustment amplitude, and the second direct axis current value is a difference between the present

direct axis current value and the current adjustment amplitude.

3. Thecontrol method for an electric drive system of avehicle according to claim 1 or 2, wherein
the step of determining a current adjustment amplitude according to a required heating power of
the vehicle and the present heat generation power comprises.

calculating a power difference between the required heating power of the vehicle and the
present heat generation power; and

acquiring the current adjustment amplitude according to the power difference, wherein the

current adjustment amplitude increases with the power difference.

4. The control method for an electric drive system of avehicle according to any one of claims 1
to 3, wherein the el ectric motor controller comprises apower switching device; and when the target
direct axis current value is greater than a limit value, a carrier frequency of the power switching

device fluctuates randomly in a preset range.
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5. The control method for an electric drive system of avehicle according to any one of claims 1
to 4, wherein the target direct axis current value and the target quadrature axis current value meet:
T, = 1.5Np[(Lg — Ly)ia + of]ig;
where T, isthe shaft torque of the electric motor, Np isanumber of pole pairsin arotor of
the electric motor, L, isadirect axisinductance, L, isaquadrature axisinductance, i, isthe
target direct axis current value, ¢, isamagnetic flux linkage, and i4isthe target quadrature axis

current value.

6. The control method for an electric drive system of avehicle according to any one of claims 1
to 5, further comprising:

determining that the required heating power of the vehicle changes; and

adjusting the current adjustment amplitude or the preset change frequency according to the

changed required heating power of the vehicle.

7. The control method for an electric drive system of avehicle according to any one of claims 1
to 6, wherein the step of acquiring a present direct axis current value and a present quadrature axis
current value of the electric motor at the present operating point of the vehicle according to the
three-phase current value and the position value comprises the steps of:

transforming the three-phase current value into a two-phase static current value by Clark
transformation; and

transforming the two-phase static current valueinto atwo-phase rotatory current value by Park

transformation, wherein the two-phase rotatory current value comprisesthe present quadrature axis
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current value and the present direct axis current value.

8. The control method for an electric drive system of avehicle according to any one of claims 1
to 7, wherein the step of acquiring an electric motor drive signal according to the target direct axis
current value, the target quadrature axis current value, the present direct axis current value, and
the present quadrature axis current value comprises:

calculating a difference between the target direct axis current value and the present direct axis
current value to acquire a direct axis current difference, and calculating a difference between the
target quadrature axis current value and the present quadrature axis current value to acquire a
guadrature axis current difference;

performing closed loop current adjustment according to the direct axis current difference and
the quadrature axis current difference, to obtain a direct axis voltage value and a quadrature axis
voltage value;

transforming the direct axis voltage value and the quadrature axis voltage value into a two-
phase static voltage value by TPark transformation;

acquiring a bus voltage value of the electric drive system; and

performing pulse width modulation according to the bus voltage value and the two-phase static

voltage value to obtain the electric motor drive signal.

9. Ané€ectric drive system, comprising:
an electric motor and an electric motor controller;
acurrent sensor, configured to collect a three-phase current value of the el ectric motor;

a position sensor, configured to collect a position value of the el ectric motor; and
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a processor, connected to the electric motor controller, the current sensor and the position
sensor, and configured to implement the control method for an electric drive system of a vehicle

according to any one of claims 1 to 8.

10. A vehicle, comprising:

a heating demand system and a vehicle controller, wherein the vehicle controller is configured
to send a vehicle heating demand signal when the heating demand system is determined to have a
heating demand; and

the el ectric drive system according to claim 9, connected to the vehicle controller, and forming

a heat conducting loop with the heating demand system.

11. The vehicle according to claim 10, wherein the heating demand system comprises a power

battery.

12. The vehicle according to claim 10 or 11, wherein the heating demand system comprises a

vehicle occupant compartment and an air conditioning system.
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