POWER SUPPLY SWITCHING METHOD AND APPARATUS, AND

MULTI-POWER SUPPLY SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application is based on and claims priority to
China Patent Application No. 202111178301.X filed on October 09,
2021, the disclosure of which is incorporated by reference herein

in its entirety.

TECHNICAL FIELD
[0002] The present disclosure relates to the field of electronic
power technology, in particular to a power supply switching method,

apparatus, and multi-power supply system.

BACKGROUND
[0003] In the related art, multi-power supply systems (such as
alternating-current / direct-current hybrid power supply frequency
converters) involve switching of power supply. For example,
direct-current power supply can be switched to alternating-current
power supply, or alternating-current power supply can be switched

to direct-current power supply.



SUMMARY

[0004] According to an aspect of the present disclosure, a power
supply switching method applied to a multi-power supply system is
provided, wherein the multi-power supply system comprises an
alternating-current power supply, a direct-current power supply,
and an energy storage power supply, and the method comprises:
obtaining a power supply switching instruction, wherein the power
supply switching instruction comprises a power supply switching
direction; and controlling, according to the power supply
switching direction, the energy storage power supply to perform a
voltage transition in a power supply switching process.

[0005] Further, if the power supply switching direction is
switching from the alternating-current power supply to the direct-
current power supply, the controlling of the energy storage power
supply to perform the voltage transition in the power supply
switching process comprises: after obtaining the power supply
switching instruction, controlling the energy storage power supply
to be switched on and perform the voltage transition; after the
voltage transition 1is completed, controlling the direct-current
power supply to be switched on; and after continuing for a first
preset duration, controlling the energy storage power supply to be
switched off.

[0006] Further, the controlling of the energy storage power supply

to be switched on and perform the voltage transition comprises:



controlling the energy storage power supply to be switched on and
controlling a power supply voltage of the energy storage power
supply to be a first preset voltage, wherein the first preset
voltage 1is less than a preset direct-current bus voltage; and
controlling the power supply voltage output by the energy storage
power supply to gradually increase to a second preset voltage
according to a preset step, wherein the second preset voltage 1is
greater than the preset direct-current bus voltage and less than
a power supply voltage of the direct-current power supply.

[0007] Further, the multi-power supply system further comprises a
rectifier circuit; and after controlling the energy storage power
supply to be switched on and perform the voltage transition, the
method further comprises: switching off a rectification control
signal of the rectifier circuit after a second preset duration.
[0008] Further, if the power supply switching direction is
switching from the direct-current power supply to the alternating-
current power supply, the controlling of the energy storage power
supply to perform the voltage transition in the power supply
switching process comprises: after obtaining the power supply
switching instruction, controlling the energy storage power supply
to be switched on and controlling a power supply voltage of the
energy storage power supply to be a third preset voltage, wherein
the third preset voltage is less than a preset direct-current bus

voltage; after continuing for a third preset duration, controlling



the direct-current power supply to be switched off and controlling
the energy storage power supply to perform the voltage transition;
and after completing a fourth preset duration of the voltage
transition, controlling the energy storage power supply to be
switched off.

[0009] Further, the controlling of the energy storage power supply
to perform the voltage transition comprises: controlling the power
supply voltage of the energy storage power supply to gradually
decrease to a fourth preset voltage according to a preset step,
wherein the fourth preset voltage is greater than an uncontrolled
rectification voltage value of the multi-power supply system, the
uncontrolled rectification voltage value Dbeing an effective
voltage value output by a rectifier circuit in the multi-power
supply system after a rectification control signal of the rectifier
circuit is switched off.

[0010] Further, before obtaining the power supply switching
instruction, the method further comprises: detecting whether the
multi-power supply system has a fault; if so, entering a fault
handling procedure; and if not, controlling a predetermined power
supply to be switched on and then triggering obtaining of the power
supply switching instruction.

[0011] According to another aspect of the present disclosure, a
power supply switching apparatus applied to a multi-power supply

system 1s ©provided, wherein the multi-power supply system



comprises an alternating-current power supply, a direct-current
power supply, and an energy storage power supply, and the power
supply switching apparatus comprises: an instruction obtaining
module configured to obtain a power supply switching instruction,
wherein the power supply switching instruction comprises a power
supply switching direction; and an execution module configured to
control, according to the power supply switching direction, the
energy storage power supply to perform a voltage transition in a
power supply switching process to reduce a direct-current bus
voltage fluctuation in the power supply switching process.

[0012] According to another aspect of the present disclosure, a
power supply switching apparatus applied to a multi-power supply
system 1s ©provided, wherein the multi-power supply system
comprises an alternating-current power supply, a direct-current
power supply, and an energy storage power supply, and the power
supply switching apparatus comprises: a memory; and a Processor
coupled to the memory, wherein the processor is configured to,
based on instructions stored in the memory, perform the method
described above.

[0013] According to another aspect of the present disclosure, a
multi-power supply system is provided, the multi-power supply
system comprising an alternating-current power supply, a direct-
current power supply, an energy storage power supply, and the power

supply switching apparatus described above.



[0014] According to another aspect of the present disclosure,
there 1s provided a computer-readable storage medium stored
thereon a computer program that, when executed by a processor,
implements the power supply switching method described above.
[0015] According to another aspect of the present disclosure,
there 1s provided a computer program, comprising: instructions
that, when executed by a processor, cause the processor to perform
the method described above.

[0016] According to another aspect of the present disclosure,
there is provided a computer ©program product comprising
instructions that, when executed by a processor, cause the

processor to perform the method described above.



BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The accompanying drawings, which constitute a portion of
this specification, illustrate embodiments of the present
disclosure and, together with the description, serve to explain
the principles of the present disclosure.
[0018] The present disclosure will be more clearly understood from
the following detailed description with reference to the
accompanying drawings, in which:
[0019] FIG. 1 is a diagram showing a circuit structure of a multi-
power supply system according to an embodiment of the present
disclosure;
[0020] FIG. 2 is a flowchart of a power supply switching method
according to an embodiment of the present disclosure;
[0021] FIG. 3 is a flowchart of a power supply switching method
according to another embodiment of the present disclosure;
[0022] FIG. 4 is a structural diagram of a power supply switching
apparatus according to an embodiment of the present disclosure;
[0023] FIG. 5 is a structural diagram of a power supply switching
apparatus according to another embodiment of the present
disclosure;
[0024] FIG. 6 is a block diagram of a structure of a multi-power
supply system according to an embodiment of the present disclosure;
[0025] FIG. 7 is a structural diagram of a power supply switching

apparatus according to another embodiment of the present



disclosure;

[0026] It should be understood that the dimensions of the various
parts shown in the drawings are not necessarily drawn to the actual
scale. In addition, the same or similar reference signs are used

to denote the same or similar components.



DETAILED DESCRIPTION

[0027] In order to make objectives, technical solutions and
advantages of the present disclosure more clear, the present
disclosure will be further described in detail with reference to
the accompanying drawings. Obviously, the embodiments described
are only a portion of the embodiments of the present disclosure,
and not all embodiments. All other embodiments obtained by those
of ordinary skill in the art based on the embodiments of the
present disclosure without creative efforts shall fall within the
protection scope of the present disclosure.

[0028] The terms used in the embodiments of the present disclosure
are only for the purpose of describing specific examples, but are
not intended to limit the present disclosure. The singular forms
of "a", "said" and "the" as used in the present disclosure and in
the appended claims are also intended to comprise the plural forms,
unless the context clearly dictates otherwise. The expression
"multiple" generally comprises at least two.

[0029] It should be understood that the term "and/or" as used
herein is simply a description of the association of related
objects, indicating that there may be three possible relationships
of the related objects, for example, A and/or B can indicate the
presence of A alone, the presence of both A and B, and the presence
of B alone. In addition, the character "/" in this description

generally indicates that the objects associated before and after



"/" have an "or" relationship.

[0030] It should be understood that although the terms "first",
"second", “third”, and the like may be used to describe preset
durations 1in the embodiments of the present disclosure, these
preset durations should not be limited by these terms. These terms
are only used to distinguish different preset durations. For
example, without departing from the scope of the embodiments of
the present disclosure, a first preset duration can also be
referred to as a third preset duration, and similarly, a third
preset duration can also be referred to as a first preset duration.
[0031] Depending on the context, the word "if" as used herein can
be interpreted as "when" or "in response to determination"™ or "in
response to detection". Similarly, depending on the context, the
phrase "if it is determined" or "if (stated condition or event) is
detected" can be interpreted as "when it 1is determined" or "in
response to determination" or "when (stated condition or event) 1is
detected" or "in response to detection of (stated condition or
event)".

[0032] It should also be noted that terms "comprise", "include"
or their any other variations are intended to encompass non-
exclusive composition, so that a product or device comprising a
series of factors may comprise not only these factors, but also
other factors that are not listed explicitly, or factors intrinsic

to this product or device. Without further limitation, a factor
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defined by wording "comprise one..." does not exclude the existence
of other same factors in a product or device comprising such
factor.

[0033] The inventors of the present disclosure have found that
during the power supply switching process of a multi-power supply
system, when switching from direct-current power supply to
alternating-current power supply, a bus voltage may suddenly drop,
causing a significant decrease in the speed of a backward stage
motor, and in some severe cases a motor shutdown; when switching
from alternating-current to direct-current power supply, a direct-
current bus voltage suddenly rises, which is easy to produce a
large surge current, resulting in damage to bus capacitors. In
addition, other electronic components in the system may also be
affected by the voltage/current surges, thereby affecting their
lifetime. In summary, whether switching from direct-current power
supply to alternating-current power supply or from alternating-
current power supply to direct-current power supply, it may cause
significant fluctuations in the bus voltage in a short period of
time, thereby affecting the stable operation of the system.

[0034] In view of this, an embodiment of the present disclosure
provides a power supply switching method for solving the problem
in the related art that the direct-current bus voltage fluctuates
significantly in a short period of time during the power supply

switching process of a multi-power supply system, thereby
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adversely affecting the stable operation of the system.

[0035] Below, optional embodiments of the present disclosure will
be described with reference to the drawings.

[0036] In some embodiments of the present disclosure, a power
supply switching method applied to a multi-power supply system is
provided. FIG. 1 1is a diagram showing a circuit structure of a
multi-power supply system according to an embodiment of the present
disclosure. As shown in FIG. 1, the multi-power supply system
comprises an alternating-current power supply 2, a direct-current
power supply 3, an energy storage power supply 4, and further
comprises a rectifier circuit 51 composed of IGBT1 to IGBT6, and
an inverter circuit 52 composed of IGBT7 to IGBT12. Two direct-
current buses are connected between the rectifier circuit 51 and
the inverter circuit 52. A plurality of bus capacitors C, as well
as a first resistor R and a second resistor R2 connected in series,
are connected between the two direct-current buses. A first switch
K1 is provided between the alternating-current power supply 2 and
the rectifier circuit 51, wherein the first switch K1 is configured
to control the on-off of the alternating-current power supply 2.
The direct-current power supply 3 is connected to the above direct-
current bus via a second switch K2, and the on-off of the direct-
current power supply 3 is controlled by the on or off of the second
switch K2. The energy storage power supply 4 is connected to the

above direct-current bus via a third switch K3, and the on-off of

12



the energy storage power supply 4 is controlled by the on or off
of the third switch K3.

[0037] The above multi-power supply system further comprises a
charging circuit 6, wherein the charging circuit 6 is provided
between the alternating-current power supply 2 and the direct-
current bus, and configured to charge the bus capacitors C between
the two direct-current buses to increase the direct-current bus
voltage. One end of the inverter circuit 52 is connected to the
rectifier circuit 51, and another end of the inverter circuit 52
is connected to a motor.

[0038] In the above multi-power supply system, when the power
supply is switched from the direct-current power supply 3 to the
alternating-current power supply 2, the bus voltage suddenly
drops, which reduces the rotational speed of the rear motor by a
large margin and leads to motor shutdown; when the power supply is
switched from the alternating-current power supply 2 to the direct-
current power supply 3, the direct-current bus voltage suddenly
increases, which tends to generate a large surge current, resulting
in damage to the bus capacitors C. Moreover other electronic
components in the system are also affected by the voltage/current
surge, which may affect their service life. In summary, whether
switching from the direct-current power supply 3 to the
alternating-current power supply 2, or from the alternating-

current power supply 2 to the direct-current power supply 3, it
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may cause significant fluctuations in the bus voltage in a short
period of time, thereby affecting the stable operation of the
system.

[0039] In order to solve the above technical problem, the
embodiment provides a power supply switching method. FIG. 2 is a
flowchart of a power supply switching method according to an
embodiment of the present disclosure. As shown in FIG. 2, the
method comprises steps S101 to S102.

[0040] In step S101, a power supply switching instruction is
obtained, wherein the power supply switching instruction comprises
a power supply switching direction.

[0041] In a specific implementation, the power supply switching
direction comprises switching from alternating-current power
supply to direct-current power supply, and switching from the
direct-current power supply to the alternating-current power
supply. The above power supply switching instruction can come from
a user operation, or a condition for the power supply switching
can be set in advance. When the condition is met, a power supply
switching instruction is automatically generated.

[0042] In step S102, the energy storage power supply is controlled
to perform a voltage transition in a power supply switching process
according to the power supply switching direction.

[0043] For example, in a case of switching from the alternating-

current power supply to the direct-current power supply, the energy
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storage power supply is controlled to perform transition from a
low voltage to a high voltage during the power supply switching
process; 1in a case of switching from the direct-current power
supply to the alternating-current power supply, the energy storage
power supply 1is controlled to perform transition from a high
voltage to a low voltage during the power supply switching process,
thereby reducing direct-current bus voltage fluctuation during the
power supply switching process.

[0044] In the power supply switching method of the embodiment,
when the power supply switching is performed, according to the
direction of the power supply switching, the energy storage power
supply is controlled to perform the voltage transition in the power
supply switching process to reduce the direct-current bus voltage
fluctuation in the power supply switching process, thereby
achieving flexible switching of power supply, avoiding the
fluctuation of the direct-current bus voltage to a large extent in
a short period of time in the power supply switching process, and
ensuring the stable operation of the multi-power supply system.
[0045] In some embodiments of the present disclosure, another
power supply switching method is provided. In order to avoid a
significant increase in the bus voltage in a short period of time
when switching from the alternating-current power supply to the
direct-current power supply, 1f the power supply switching

direction is switching from the alternating-current power supply
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to the direct-current power supply, the controlling of the energy
storage power supply to perform the voltage transition in the power
supply switching process comprises: after obtaining the power
supply switching instruction, controlling the energy storage power
supply to be switched on and perform the voltage transition; after
the voltage transition is completed, controlling the direct-
current power supply to be switched on; and after continuing for
a first preset duration, a supply voltage of the direct-current
power supply reaching a stable state, controlling the energy
storage power supply to be switched off.

[0046] In some embodiments, in order to ensure a smooth increase
in the direct-current bus voltage, the controlling of the energy
storage power supply to be switched on and perform the voltage
transition comprises: controlling the energy storage power supply
to be switched on and controlling a power supply voltage of the
energy storage power supply to be a first preset voltage, wherein
the first preset voltage is less than a preset direct-current bus
voltage; and controlling the power supply voltage output by the
energy storage power supply to gradually increase to a second
preset voltage according to a preset step, wherein the second
preset voltage 1s greater than the preset direct-current bus
voltage and less than a power supply voltage of the direct-current
power supply. The above operation ensures that the voltage rises

slowly when the power supply is switched from the alternating-
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current power supply to the direct-current power supply by means
of the transitional effect of the energy storage power supply.
[0047] In some embodiments, the above multi-power supply system
further comprises a rectifier circuit. In order to avoid feedback
of the direct-current bus voltage to the power grid (i.e., the
alternating-current power supply 2), after controlling the energy
storage power supply to be switched on and perform the voltage
transition, the above method further comprises: switching off a
rectification control signal of the rectifier circuit after a
second preset duration to cause the rectifier circuit to be in an
uncontrolled rectification state, and performing rectification by
a diode in an IGBT switching tube of the rectifier circuit.

[0048] When switching from the alternating-current power supply
to the direct-current power supply, the Dbus voltage rises
significantly in a short period of time. On the contrary, when
switching from the direct-current power supply to the alternating-
current power supply, the direct-current bus voltage decreases
significantly in a short period of time, which in some severe cases
may cause a motor shutdown. In order to avoid a significant
decrease in the direct-current bus voltage occurred in a short
period of time, if the power supply switching direction is
switching from the direct-current power supply to the alternating-
current power supply, the controlling of the energy storage power

supply to perform the voltage transition in the power supply
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switching process comprises: after obtaining the power supply
switching instruction, controlling the energy storage power supply
to be switched on and controlling a power supply voltage of the
energy storage power supply to be a third preset voltage, wherein
the third preset voltage is less than a preset direct-current bus
voltage, so that a first step of voltage reduction is completed;
after continuing for a third preset duration, wherein the direct-
current bus voltage has reached a stable state, controlling the
direct-current power supply to be switched off and controlling the
energy storage power supply to perform the voltage transition, so
that a second step of voltage reduction is completed; and after
completing a fourth preset duration of the voltage transition,
wherein the direct-current bus voltage has reached the stable
state, controlling the energy storage power supply to be switched
off.

[0049] In some embodiments, in order to ensure a slower transition
in the direct-current bus voltage, the controlling of the energy
storage power supply to perform the voltage transition comprises:
controlling the power supply voltage of the energy storage power
supply to gradually decrease to a fourth preset voltage according
to a preset step, wherein the fourth preset voltage is greater
than an uncontrolled rectification voltage value of the multi-
power supply system, the uncontrolled rectification voltage wvalue

being an effective voltage value output by a rectifier circuit in
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the multi-power supply system after a rectification control signal
of the rectifier circuit 1is switched off. The above operation
ensures that the voltage decreases slowly when the power supply is
switched from the direct-current power supply to the alternating-
current power supply by means of the transitional effect of the
energy storage power supply.

[0050] Before obtaining and executing the power supply switching
instruction, it is necessary to ensure that the multi-power supply
system is in a normal operating state, that is, each power supply
can supply power normally. Therefore, in some embodiments, before
obtaining the power supply switching instruction, the above method
further comprises: detecting whether the multi-power supply system
has a fault; if so, entering a fault handling procedure; and if
not, controlling a predetermined power supply to be switched on
and then triggering obtaining of the power supply switching
instruction.

[0051] FIG. 3 is a flowchart of a power supply switching method
according to another embodiment of the present disclosure. As shown
in FIG. 3, the method comprises steps S1 to S13.

[0052] In step S1, whether the multi-power supply system has a
fault is detected; if so, step S2is performed; otherwise, step S3
is performed.

[0053] In step S2, a fault handling procedure is entered.

[0054] In step S3, a predetermined power supply is controlled to
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be switched on, and then step S4 is triggered.

[0055] When whether the alternating-current power supply has a
fault is detected, 1t 1s detected whether the amplitude and
frequency of the voltage fluctuation of the power grid are normal.
If normal, it indicates that the alternating-current power supply
can operate normally, 1if abnormal, it indicates a fault has
occurred and a corresponding fault handling procedure is entered.
If normal, a predetermined power supply 1s controlled to be
switched on. When detecting whether the direct-current power
supply has a fault, it 1is determined whether overvoltage or
undervoltage occurs, as well as the abnormality such as a large
voltage fluctuation. If so, a fault handling procedure is entered;
otherwise, a predetermined power supply 1is controlled to be
switched on. For example, if it is predetermined that power is to
be supplied from the alternating-current power supply, the
alternating-current power supply is controlled to be switched on,
that 1s, the first switch K1 is controlled to be closed, the
rectifier circuit is started, the direct-current bus voltage 1is
adjusted to a preset direct-current bus voltage Vdc (for example,
the direct-current bus voltage Vdc=600V), and the second switch K2
and the third switch K3 are opened, and if it is predetermined
that power is to be supplied from the direct-current power supply,
the second switch K2 iscontrolled to be closed, the first switch

K1l is closed, the control signal of the rectifier circuit is closed
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so that the rectifier circuit is in the uncontrolled rectification
state, and the third switch K1 is opened and then step S4 1is
triggered.

[0056] In step S4, a power supply switching instruction is
obtained.

[0057] In step S5, a power supply switching direction in the power
supply switching instruction is determined. If the power supply
switching direction is switching from the alternating-current
power supply to the direct-current power supply, step S6 is
performed. If the power supply switching direction is switching
from the direct-current power supply to the alternating-current
power supply, step S10 is performed.

[0058] In step S6, the energy storage power supply is controlled
to be switched on and a power supply voltage of the energy storage
power supply 1is controlled to be a first preset voltage, wherein
the first preset voltage is less than a preset direct-current bus
voltage; after a second preset duration T2, the control signal of
the rectifier circuit is closed so that the rectifier circuit is
in an uncontrolled rectification state.

[0059] In step S7, the power supply voltage output by the energy
storage power supply is controlled to gradually increase to a
second preset voltage according to a preset step, wherein the
second preset voltage 1is greater than the preset direct-current

bus voltage Vdc and less than a power supply voltage Vdcpower of
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the direct-current power supply.

[0060] In step S8, the direct-current power supply is controlled
to be switched on.

[0061] In step SS9, after continuing for a first preset duration
T1l, the energy storage power supply is controlled to be switched
off to complete the switching from the alternating-current power
supply to the direct-current power supply, and then the method
returns to step S4.

[0062] For example, in a specific implementation, when it is
determined that the power supply switching direction is switching
from the alternating-current power supply to the direct-current
power supply, the third switch K3 is controlled to be closed to
cause the energy storage power supply to be switched on, and to
output a power supply voltage Vst = 0.99Vdc; after a second preset
duration T2, rectification control is switched off and the
rectifier circuit 1is in an wuncontrolled rectification state,
ensuring that the direct-current bus wvoltage cannot be fed back
into the alternating-current power grid and cause interference to
the power grid. The energy storage power supply voltage Vst 1is
controlled to slowly rise to 0.99 * the direct-current power supply
voltage Vdcpower (for example, the direct-current power supply
voltage Vdcpower = 750V), then the second switch K2 is controlled
to be closed to cause the direct-current power supply to be

switched on. After a first preset duration T1l, the third switch K3
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is controlled to be opened, so that a direct-current power supply
mode 1is entered.

[0063] In step S10, the energy storage power supply is controlled
to be switched on and the power supply voltage of the energy
storage power supply is controlled to be a third preset voltage,
wherein the third preset voltage is less than a preset direct-
current bus voltage Vdc.

[0064] In step S11, after a third preset duration T3, the second
switch K2 is controlled to be switched off to cause the direct-
current power supply to be switched off.

[0065] In step S12, the power supply voltage of the energy storage
power supply is controlled to gradually decrease to a fourth preset
voltage according to a preset step, wherein the fourth preset
voltage 1s greater than an uncontrolled rectification voltage
value Vdcdioce of the multi-power supply system, the uncontrolled
rectification voltage wvalue Vdcdioe being an effective voltage
value output by the rectifier circuit in the multi-power supply
system after the rectification control signal of the rectifier
circuit is switched off.

[0066] In step S13, after completing a fourth preset duration T4
of the voltage transition, the energy storage power supply 1is
controlled to be switched off to complete the switching from the
direct-current power supply to the alternating-current power

supply, and then the method returns to step S4.
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[0067] For example, in a specific implementation, after it is
determined that the power supply switching direction is switching
from the direct-current power supply to the alternating-current
power supply, first, the third switch K3 is controlled to be closed
to output a supply voltage Vst=0.99 * the preset direct-current
bus wvoltage Vdc. After a third preset duration T3, the second
switch K2 1is controlled to be opened, and the supply voltage Vst
of the energy storage power supply is controlled at the same time
to slowly decrease to a fourth preset voltage V4, wherein the
fourth preset voltage V4 = 1.1 * the uncontrolled rectification
voltage value Vdcdioe (for example, the uncontrolled rectification
voltage value Vdcdice = 537V). After a preset duration T4, the
third switch K3 is controlled to be opened, so that an alternating-
current power supply mode is entered.

[0068] The power supply switching method of this embodiment can
achieve a flexible transition of the bus voltage during the process
of alternating-current / direct-current power switching, so that
the reliability of the multi-power supply system can be improved,
and the effect of current surges on the components during power
supply switching can be reduced, thereby improving the service
life of the components, and the manpower and material costs of
frequent component replacement can be reduced.

[0069] In some embodiments of the present disclosure, a power

supply switching apparatus is provided. FIG. 4 1is a structural
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diagram of a power supply switching apparatus according to an
embodiment of the present disclosure. As shown in FIG. 4, the
apparatus comprises an instruction obtaining module 10 and an
execution module 20.

[0070] The instruction obtaining module 10 is configured to obtain
a power supply switching instruction, wherein the power supply
switching instruction comprises a power supply switching
direction.

[0071] For example, in a specific implementation, the power supply
switching direction comprises switching from alternating-current
power supply to direct-current power supply, and switching from
the direct-current power supply to the alternating-current power
supply. The above power supply switching instruction can come from
a user operation, or a condition for the power supply switching
can be set in advance. When the condition is met, a power supply
switching instruction is automatically generated.

[0072] The execution module 20 is configured to control, according
to the power supply switching direction, the energy storage power
supply to perform a voltage transition in a power supply switching
process.

[0073] For example, in a case of switching from the alternating-
current power supply to the direct-current power supply, the energy
storage power supply is controlled to perform transition from a

low voltage to a high voltage during the power supply switching
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process; in a case of switching from the direct-current power
supply to the alternating-current power supply, the energy storage
power supply 1is controlled to perform transition from a high
voltage to a low voltage during the power supply switching process,
thereby reducing direct-current bus voltage fluctuation during the
power supply switching process.

[0074] In the power supply switching apparatus of the embodiment,
when the power supply switching is performed, the execution module
20 controls, according to the direction of the power supply
switching, the energy storage power supply to perform the voltage
transition in the power supply switching process to reduce the
direct-current Dbus voltage fluctuation in the power supply
switching process, thereby achieving flexible switching of power
supply, avoiding the fluctuation of the direct-current bus voltage
to a large extent in a short period of time in the power supply
switching process, and ensuring the stable operation of the multi-
power supply system.

[0075] In some embodiments of the present disclosure, another
power supply switching apparatus 1is provided. FIG. 5 1is a
structural diagram of a power supply switching apparatus according
to another embodiment of the present disclosure. As shown in FIG.
5, in order to avoid a significant increase in the bus voltage in
a short period of time when switching from the alternating-current

power supply to the direct-current power supply, the execution
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module 20 described above comprises: a first execution unit 201
configured to, if the power supply switching direction is switching
from the alternating-current power supply to the direct-current
power supply, control the energy storage power supply to be
switched on and perform the voltage transition, after the voltage
transition is completed, control the direct-current power supply
to Dbe switched on, and after continuing for a first preset
duration, a supply voltage of the direct-current power supply
reaching a stable state, control the energy storage power supply
to be switched off.

[0076] In some embodiments, in order to ensure a smooth increase
in the direct-current bus voltage, the controlling of the energy
storage power supply to be switched on and perform the voltage
transition comprises: controlling the energy storage power supply
to be switched on and controlling a power supply voltage of the
energy storage power supply to be a first preset voltage, wherein
the first preset voltage is less than a preset direct-current bus
voltage; and controlling the power supply voltage output by the
energy storage power supply to gradually increase to a second
preset voltage according to a preset step, wherein the second
preset voltage 1s greater than the preset direct-current bus
voltage and less than a power supply voltage of the direct-current
power supply.

[0077] In some embodiments, the above multi-power supply system
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further comprises a rectifier circuit. In order to avoid feedback
of the direct-current bus voltage to the power grid, the first
execution unit 201 is further configured to: after controlling the
energy storage power supply to be switched on and perform the
voltage transition for a second preset duration, switch off a
rectification control signal of the rectifier circuit to cause the
rectifier circuit to be in an uncontrolled rectification state,
and perform rectification by a diode in an IGBT switching tube of
the rectifier circuit.

[0078] When switching from the alternating-current power supply
to the direct-current power supply, the bus voltage rises
significantly in a short period of time. On the contrary, when
switching from the direct-current power supply to the alternating-
current power supply, the direct-current bus voltage decreases
significantly in a short period of time, which in some severe cases
may cause a motor shutdown. Thus, in some embodiments, in order to
avoid a significant decrease in the bus voltage occurred in a short
period of time, the above execution module 20 further comprises:
a second execution unit 202 configured to, if the power supply
switching direction is switching from the direct-current power
supply to the alternating-current power supply, control the energy
storage power supply to be switched on and control a power supply
voltage of the energy storage power supply to be a third preset

voltage, wherein the third preset voltage is less than a preset
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direct-current bus voltage, so that a first step of voltage
reduction 1is completed, after continuing for a third preset
duration, wherein the direct-current bus voltage has reached a
stable state, control the direct-current power supply to be
switched off and control the energy storage power supply to perform
the voltage transition, so that a second step of voltage reduction
is completed, and after completing a fourth preset duration of the
voltage transition, wherein the direct-current bus voltage has
reached the stable state, control the energy storage power supply
to be switched off.

[0079] In some embodiments, in order to ensure a slower transition
in the direct-current bus voltage, the controlling of the energy
storage power supply to perform the voltage transition comprises:
controlling the power supply voltage of the energy storage power
supply to gradually decrease to a fourth preset voltage according
to a preset step, wherein the fourth preset voltage is greater
than an uncontrolled rectification voltage value of the multi-
power supply system, the uncontrolled rectification voltage wvalue
being an effective voltage value output by a rectifier circuit in
the multi-power supply system after a rectification control signal
of the rectifier circuit is switched off.

[0080] In some embodiments, before obtaining and executing the
power supply switching instruction, it is necessary to ensure that

the multi-power supply system is in a normal operating state, that
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is, each power supply can supply power normally. Thus, the above
power supply switching apparatus further comprises a detection
module 30. The detection module 30 comprises: a detection unit 301
configured to detect whether the multi-power supply system has a
fault; a first trigger unit 302 configured to trigger entry into
a fault handling procedure when the multi-power supply system has
a fault; a second trigger unit 303 configured to control a
predetermined power supply to be switched on and then trigger
obtaining of the power supply switching instruction when the multi-
power supply system has no fault.

[0081] In other embodiments of the present disclosure, a power
supply switching apparatus applied to a multi-power supply system
is provided. The multi-power supply system comprises an
alternating-current power supply, a direct-current power supply,
and an energy storage power supply. The power supply switching
apparatus comprises: a memory; a processor coupled to the memory,
the processor is configured to, based on instructions stored in
the memory, perform the method described above.

[0082] FIG. 7 is a structural diagram of a power supply switching
apparatus according to another embodiment of the present
disclosure. The power supply switching apparatus comprises a
memory 710 and a processor 720.

[0083] The memory 710 is a magnetic disk, flash memory or any

other non-volatile storage medium. The memory is configured to
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store instructions in the embodiments shown corresponding to FIG.
2 and/or FIG. 3.

[0084] The processor 720 is coupled to the memory 710 and may be
implemented as one or more integrated circuits, such as a
microprocessor or microcontroller. The processor 720 is configured
to execute the instructions stored in the memory, so as to reduce
the direct-current bus voltage fluctuation during the power supply
switching process, thereby achieving flexible power switching,
avoiding a significant fluctuation 1in the direct-current bus
voltage occurred in a short period of time during the power supply
switching process, and ensuring the stable operation of the multi-
power supply system.

[0085] In some embodiments of the present disclosure, a multi-
power supply system is provided. FIG. 6 is a block diagram of a
structure of a multi-power supply system according to an embodiment
of the present disclosure. As shown in FIG. 6, the multi-power
supply system comprises: an alternating-current power supply 2, a
direct-current power supply 3, an energy storage power supply 4,
a frequency converter 5 composed of a rectifier circuit 51 and an
inverter <circuit 52, a motor, and a power supply switching
apparatus 1 in the above embodiment.

[0086] As shown in FIG. 6, the power supply switching apparatus 1
establishes communication connections with the alternating-current

power supply 2, the direct-current power supply 3, the energy
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storage power supply 4, and the frequency converter 5 to achieve
the above power switching and fault detection functions, thereby
achieving flexible power switching, avoiding a significant
fluctuation in the bus voltage occurred in a short period of time
during the power supply switching process, and ensuring the stable
operation of the multi-power supply system.

[0087] In some embodiments of the present disclosure, there is
provided a computer-readable storage medium stored thereon a
computer program that, when executed by a processor, implements
the power supply switching method in the above embodiments.

[0088] The apparatus embodiments described above are only
schematic, wherein the units described as separate components may
or may not be physically separated, and the component illustrated
as a unit may or may not be a physical unit, may be located in one
place, or may be distributed on multiple network units. Some or
all of the modules may be selected according to actual needs to
implement the solution of this embodiment.

[0089] According to some embodiments of the present disclosure,
there 1s provided a computer program, comprising: instructions
that, when executed by a processor, cause the processor to perform
the power supply switching method described above.

[0090] According to some embodiments of the present disclosure,
there is provided a computer program product comprising

instructions that, when executed by a processor, cause the
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processor to perform the power supply switching method described
above.

[0091] Through the description of the above embodiments, those
skilled in the art may clearly understand that each embodiment can
be implemented by means of software and a necessary dgeneral
hardware platform, or by hardware. Based on this understanding,
the above technical solution essentially or in other word, a
portion thereof that contributes to the related technology can be
embodied in the form of a software product, wherein the computer
software product is stored in a computer-readable storage medium,
such as a ROM/RAM, a magnetic disk, or an optical disk, etc.,
comprising a number of instructions to cause a computer device
(which may be a personal computer, a server, or a network device,
etc.) to perform the methods described in the various embodiments
or in some portions of the embodiments.

[0092] Finally, it should be noted that: the above embodiments
are merely illustration of the technical solution of the present
disclosure, but are not limitation thereof; although the present
disclosure has been described in detail with reference to the above
embodiment, those ordinary skilled in the art should understand:
the technical solutions recited in the various embodiments
described above may be modified or some technical features thereof
may be substituted equivalently, such modifications or

substitutions do not deviate the nature of the technique from the
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spirit and scope of the technique in the embodiments of the present

disclosure.
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WHAT IS CLAIMED IS:

1. A power supply switching method applied to a multi-power
supply system, wherein the multi-power supply system comprises an
alternating-current power supply, a direct-current power supply,
and an energy storage power supply, and the method comprises:

obtaining a power supply switching instruction, wherein the
power supply switching instruction comprises a power supply
switching direction; and

controlling, according to the power supply switching direction,
the energy storage power supply to perform a voltage transition in

a power supply switching process.

2. The method according to claim 1, wherein if the power supply
switching direction is switching from the alternating-current
power supply to the direct-current power supply, the controlling
of the energy storage power supply to perform the wvoltage
transition in the power supply switching process comprises:

after obtaining the power supply switching instruction,
controlling the energy storage power supply to be switched on and
perform the voltage transition;

after the voltage transition is completed, controlling the
direct-current power supply to be switched on; and

after continuing for a first preset duration, controlling the
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energy storage power supply to be switched off.

3. The method according to claim 2, wherein the controlling of
the energy storage power supply to be switched on and perform the
voltage transition comprises:

controlling the energy storage power supply to be switched on
and controlling a power supply voltage of the energy storage power
supply to be a first preset voltage, wherein the first preset
voltage is less than a preset direct-current bus voltage; and

controlling the power supply voltage output by the energy
storage power supply to gradually increase to a second preset
voltage according to a preset step, wherein the second preset
voltage is greater than the preset direct-current bus voltage and

less than a power supply voltage of the direct-current power supply.

4. The method according to claim 2, wherein:

the multi-power supply system further comprises a rectifier
circuit; and

the method further comprises:

switching off a rectification control signal of the rectifier
circuit after controlling the energy storage power supply to be
switched on and perform the voltage transition and after a second

preset duration.
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5. The method according to claim 1, wherein if the power supply
switching direction 1s switching from the direct-current power
supply to the alternating-current power supply, the controlling of
the energy storage power supply to perform the voltage transition
in the power supply switching process comprises:

after obtaining the power supply switching instruction,
controlling the energy storage power supply to be switched on and
controlling a power supply voltage of the energy storage power
supply to be a third preset voltage, wherein the third preset
voltage is less than a preset direct-current bus voltage;

after continuing for a third preset duration, controlling the
direct-current power supply to be switched off and controlling the
energy storage power supply to perform the voltage transition; and

after completing a fourth preset duration of the voltage
transition, controlling the energy storage power supply to be

switched off.

6. The method according to claim 5, wherein the controlling of
the energy storage power supply to perform the voltage transition
comprises:

controlling the power supply voltage of the energy storage
power supply to gradually decrease to a fourth preset voltage
according to a preset step, wherein the fourth preset voltage 1is

greater than an uncontrolled rectification voltage value of the
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multi-power supply system, the uncontrolled rectification voltage
value being an effective voltage wvalue output by a rectifier
circuit in the multi-power supply system after a rectification

control signal of the rectifier circuit is switched off.

7. The method according to claim 1, further comprising:

detecting whether the multi-power supply system has a fault
before obtaining the power supply switching instruction;

if so, entering a fault handling procedure; and

if not, controlling a predetermined power supply to be switched
on and then triggering obtaining of the power supply switching

instruction.

8. A power supply switching apparatus applied to a multi-power
supply system, wherein the multi-power supply system comprises an
alternating-current power supply, a direct-current power supply,
and an energy storage power supply, and the power supply switching
apparatus comprises:

an 1instruction obtaining module configured to obtain a power
supply switching instruction, wherein the power supply switching
instruction comprises a power supply switching direction; and

an execution module configured to control, according to the
power supply switching direction, the energy storage power supply

to perform a voltage transition in a power supply switching process
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to reduce a direct-current bus voltage fluctuation in the power

supply switching process.

9. A power supply switching apparatus applied to a multi-power
supply system, wherein the multi-power supply system comprises an
alternating-current power supply, a direct-current power supply,
and an energy storage power supply, and the power supply switching
apparatus comprises:

a memory; and

a processor coupled to the memory, wherein the processor is
configured to, based on instructions stored in the memory, perform

the method according to any one of claims 1 to 7.

10. A multi-power supply system, comprising an alternating-
current power supply, a direct-current power supply, an energy
storage power supply, and the power supply switching apparatus

according to claim 8 or 9.

11. A computer-readable storage medium stored thereon a
computer program that, when executed by a processor, implements

the method according to any one of claims 1 to 7.

12. A computer program, comprising:

instructions that, when executed by a processor, cause the
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processor to perform the method according to any one of claims 1

to 7.

13. A computer program product comprising instructions that,

when executed by a processor, cause the processor to perform the

method according to any one of claims 1 to 7.
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