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(54) SINGLE-PHASE CONVERTER CONTROL METHOD AND APPARATUS

(57) Embodiments of this application disclose a sin-
gle-phase converter control method and apparatus. The
method includes: calculating on a voltage corresponding
to a first level output by a single-phase converter, a volt-
age corresponding to a second level output by the sin-
gle-phase converter, and a voltage reference value about
the voltage corresponding to the first level and the voltage
corresponding to the second level, to obtain a com-
mon-mode modulated-wave change rate of the sin-
gle-phase converter, where the first level is a direct-cur-
rent-side positive-bus level, and the second level is a
direct-current-side negative-bus level; calculating on a

first-phase initial modulated wave of the single-phase
converter, a second-phase initial modulated wave of the
single-phase converter, and the common-mode modu-
lated-wave change rate, to obtain a common-mode mod-
ulated wave of the single-phase converter; and calculat-
ing on the first-phase initial modulated wave, the sec-
ond-phase initial modulated wave, and the com-
mon-mode modulated wave, to obtain a pulse width mod-
ulated wave of the single-phase converter. According to
the embodiments of this application, a system neu-
tral-point potential balancing capability, a system re-
sponse speed, and system reliability can be improved.
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Description

TECHNICAL FIELD

[0001] This application relates to the field of electronic
technologies, and in particular, to a single-phase con-
verter control method and apparatus.

BACKGROUND

[0002] A direct-current-side bus voltage is equally di-
vided between direct-current-side series capacitors of a
single-phase converter in an ideal case. However, in an
actual case, due to factors such as a capacitance error
or inconsistent characteristics of switch devices, there is
a deviation between voltages of the capacitors on a di-
rect-current-side bus. As a result, system neutral-point
potential fluctuates. In other words, the system neutral-
point potential is unbalanced. When the system neutral-
point potential is unbalanced, quality of an output wave-
form is affected, and a voltage stress on a specific switch-
ing transistor is increased, and the switching transistor
is damaged in a severe case. Based on this, a single-
phase converter control method is provided and is spe-
cifically: obtaining a voltage vector of a single-phase al-
ternating current system; obtaining another voltage vec-
tor orthogonal to the voltage vector through a time delay
link; converting the two voltage vectors into three-phase
modulated waves; generating, based on an existing Dis-
continuous Pulse Width Modulation (DPWM) method of
a three-phase alternating current system, a common-
mode component that needs to be injected into the three-
phase modulated waves; performing superposition on an
initial modulated wave of the single-phase system and
the injected common-mode component, to generate a
modulated wave; and controlling activation and an on/off
state of a switch device based on the modulated wave.
However, the time delay link in the foregoing single-
phase converter control method increases a system de-
lay, reduces a system response speed, and affects a
system control feature. In addition, a single-phase two-
level converter lacks a system neutral-point potential bal-
ancing capability.

SUMMARY

[0003] Embodiments of the present invention is to pro-
vide a single-phase converter control method and appa-
ratus, so as to improve a system neutral-point potential
balancing capability, a system response speed, and sys-
tem reliability.
[0004] According to a first aspect, an embodiment of
this application provides a single-phase converter control
method. A control system may perform calculation on a
voltage corresponding to a first level output by a single-
phase converter, a voltage corresponding to a second
level output by the single-phase converter, and a voltage
reference value about the voltage corresponding to the

first level and the voltage corresponding to the second
level, to obtain a common-mode modulated-wave
change rate of the single-phase converter. Then, the con-
trol system calculates on a first-phase initial modulated
wave of the single-phase converter, a second-phase in-
itial modulated wave of the single-phase converter, and
the common-mode modulated-wave change rate, to ob-
tain a common-mode modulated wave of the single-
phase converter. Further, the control system calculates
on the first-phase initial modulated wave, the second-
phase initial modulated wave, and the common-mode
modulated wave, to obtain a pulse width modulated wave
of the single-phase converter.
[0005] The first level may be a positive-bus level, and
the second level may be a negative-bus level.
[0006] Both the first-phase initial modulated wave and
the second-phase initial modulated wave are sinusoidal
waves, and a sum of amplitude of the first-phase initial
modulated wave at any moment and amplitude of the
second-phase initial modulated wave at the moment is
zero.
[0007] In this technical solution, the control system ob-
tains the common-mode modulated wave based on initial
modulated waves of two bridge arms of the single-phase
converter (namely, the first-phase initial modulated wave
and the second-phase initial modulated wave). This can
avoid use of an algorithm process of a virtual third phase,
thereby reducing a time delay, and improving a system
response speed and system reliability. In addition, the
control system can adjust magnitude and a change slope
of a common-mode component based on the voltage cor-
responding to the direct-current-side positive-bus level
and the voltage corresponding to the direct-current-side
negative-bus level, and further adjust an action time
range of a system DPWM method, thereby improving a
system neutral-point potential balancing capability.
[0008] In a design solution, that a control system cal-
culates on a voltage corresponding to a first level output
by a single-phase converter, a voltage corresponding to
a second level output by the single-phase converter, and
a voltage reference value about the voltage correspond-
ing to the first level and the voltage corresponding to the
second level, to obtain a common-mode modulated-
wave change rate of the single-phase converter may be
specifically: obtaining an absolute value of a difference
between the voltage corresponding to the first level and
the voltage corresponding to the second level; and cal-
culating on the absolute value of the difference and the
voltage reference value, to obtain the common-mode
modulated-wave change rate, where the absolute value
of the difference is inversely proportional to the common-
mode modulated-wave change rate.
[0009] In this design solution, a larger system neutral-
point potential deviation degree indicates a smaller com-
mon-mode modulated-wave change rate, and a smaller
system neutral-point potential deviation degree indicates
a larger common-mode modulated-wave change rate.
When a system neutral-point potential deviation is rela-
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tively large, the control system can proactively reduce a
DPWM clamping state ratio, to improve a system neutral-
point potential balancing capability. When the system
neutral-point potential deviation is relatively small, the
control system can proactively increase a DPWM clamp-
ing state ratio, to reduce a system switching loss.
[0010] In a design solution, that the control system cal-
culates on the absolute value of the difference and the
voltage reference value, to obtain the common-mode
modulated-wave change rate may be specifically: divid-
ing the absolute value of the difference by the voltage
reference value, to obtain a quotient; and when the quo-
tient is less than or equal to a first preset threshold, de-
termining that the common-mode modulated-wave
change rate is a first value.
[0011] In a design solution, after the control system
divides the absolute value of the difference by the voltage
reference value, to obtain the quotient, when the quotient
is greater than the first preset threshold but less than or
equal to a second preset threshold, the control system
may determine that the common-mode modulated-wave
change rate is a second value, where the second value
is less than the first value.
[0012] In a design solution, after the control system
divides the absolute value of the difference by the voltage
reference value, to obtain the quotient, when the quotient
is greater than the second preset threshold, the control
system may determine that the common-mode modulat-
ed-wave change rate is a third value, where the third
value is less than the second value.
[0013] In a design solution, that the control system cal-
culates on the absolute value of the difference and the
voltage reference value, to obtain the common-mode
modulated-wave change rate may be specifically: multi-
plying the absolute value of the difference by a preset
adjustment coefficient, to obtain a fourth value; subtract-
ing the fourth value from the voltage reference value, to
obtain a fifth value; and dividing the fifth value by the
voltage reference value, to obtain the common-mode
modulated-wave change rate.
[0014] In a design solution, that the control system cal-
culatescalculating on a first-phase initial modulated wave
of the single-phase converter, a second-phase initial
modulated wave of the single-phase converter, and the
common-mode modulated-wave change rate, to obtain
a common-mode modulated wave may be specifically:
calculating on the second-phase initial modulated wave
and the common-mode modulated-wave change rate, to
obtain a first modulated wave of the single-phase con-
verter; and comparing the first-phase initial modulated
wave with the first modulated wave, to obtain the com-
mon-mode modulated wave.
[0015] In a design solution, that the control system cal-
culatescalculating on the second-phase initial modulated
wave and the common-mode modulated-wave change
rate, to obtain a first modulated wave of the single-phase
converter may be specifically: subtracting the second-
phase initial modulated wave from a modulated wave of

a third level output by the single-phase converter, to ob-
tain a second modulated wave of the single-phase con-
verter, and multiplying the second modulated wave by
the common-mode modulated-wave change rate, to ob-
tain the first modulated wave, where the third level is a
zero level.
[0016] Then, that the control system compares the
first-phase initial modulated wave with the first modulated
wave, to obtain the common-mode modulated wave may
be specifically: subtracting the first-phase initial modu-
lated wave from a modulated wave of the first level, to
obtain a third modulated wave of the single-phase con-
verter; subtracting the first-phase initial modulated wave
from a modulated wave of the second level, to obtain a
fourth modulated wave of the single-phase converter;
and comparing the first modulated wave, the third mod-
ulated wave, and the fourth modulated wave, to deter-
mine the common-mode modulated wave, where ampli-
tude of the common-mode modulated wave at any mo-
ment is amplitude with a minimum absolute value among
amplitude of the first modulated wave at the moment,
amplitude of the third modulated wave at the moment,
and amplitude of the fourth modulated wave at the mo-
ment.
[0017] In this technical solution, the common-mode
modulated wave obtained by using this embodiment of
this application is continuous and does not have a step
change, and can effectively reduce a common-mode
leakage current, thereby reducing a high-frequency com-
mon-mode voltage component.
[0018] In a design solution, amplitude of the modulated
wave of the first level at any moment, amplitude of the
modulated wave of the second level at any moment, am-
plitude of the modulated wave of the third level at any
moment, the amplitude of the first-phase initial modulated
wave at any moment, or the amplitude of the second-
phase initial modulated wave at any moment is greater
than or equal to -1 but less than or equal to 1.
[0019] In a design solution, the pulse width modulated
wave may include a fifth modulated wave and a sixth
modulated wave; and that the control system calculates
on the first-phase initial modulated wave, the second-
phase initial modulated wave, and the common-mode
modulated wave, to obtain a pulse width modulated wave
of the single-phase converter may be specifically: adding
the first-phase initial modulated wave and the common-
mode modulated wave together, to obtain the fifth mod-
ulated wave; and adding the second-phase initial mod-
ulated wave and the common-mode modulated wave to-
gether, to obtain the sixth modulated wave.
[0020] According to a second aspect, an embodiment
of this application provides a single-phase converter con-
trol apparatus. The single-phase converter control appa-
ratus has a function of implementing actions of the control
system in the single-phase converter control method ex-
ample described in the first aspect. The function may be
implemented by hardware, or may be implemented by
executing corresponding software by hardware. The
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hardware or software includes one or more units or mod-
ules corresponding to the foregoing function.

BRIEF DESCRIPTION OF DRAWINGS

[0021] To describe the technical solutions in the em-
bodiments of this application or in the background more
clearly, the following describes the accompanying draw-
ings required for describing the embodiments of this ap-
plication or the background.

FIG. 1 is a schematic architectural diagram of a sin-
gle-phase converter control system disclosed in an
embodiment of this application;
FIG. 2 is a schematic structural diagram of a single-
phase three-level photovoltaic grid-tied system dis-
closed in an embodiment of this application;
FIG. 3 is a schematic flowchart of a single-phase
converter control method disclosed in an embodi-
ment of this application;
FIG. 4 is a schematic diagram of a common-mode
modulated wave change rate disclosed in an em-
bodiment of this application;
FIG. 5 is a schematic diagram of a common-mode
modulated wave change rate disclosed in another
embodiment of this application;
FIG. 6 is a schematic waveform diagram of an initial
modulated wave disclosed in an embodiment of this
application;
FIG. 7A is a schematic waveform diagram of a com-
mon-mode modulated wave disclosed in an embod-
iment of this application;
FIG. 7B is a schematic waveform diagram of a com-
mon-mode modulated wave disclosed in another
embodiment of this application;
FIG. 7C is a schematic waveform diagram of a com-
mon-mode modulated wave disclosed in another
embodiment of this application;
FIG. 8A is a schematic waveform diagram of a pulse
width modulated wave disclosed in an embodiment
of this application;
FIG. 8B is a schematic waveform diagram of a pulse
width modulated wave disclosed in another embod-
iment of this application;
FIG. 8C is a schematic waveform diagram of a pulse
width modulated wave disclosed in another embod-
iment of this application;
FIG. 9 is a schematic diagram of a relative fluctuation
of neutral-point potential disclosed in an embodi-
ment of this application; and
FIG. 10 is a schematic structural diagram of a single-
phase converter control apparatus disclosed in an
embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0022] The following describes the embodiments of
this application with reference to the accompanying

drawings in the embodiments of this application.
[0023] For a better understanding of a single-phase
converter control method and apparatus disclosed in the
embodiments of this application, the following first de-
scribes a network architecture applicable to the embod-
iments of this application. FIG. 1 is a schematic architec-
tural diagram of a single-phase converter control system
disclosed in an embodiment of this application. As shown
in FIG. 1, the single-phase converter control system may
include a single-phase converter, a voltage sampling
unit, a common-mode modulated-wave change rate cal-
culation unit, a common-mode modulated wave calcula-
tion unit, a current sampling unit, a control unit, and a
carrier modulation unit. The single-phase converter is
separately connected to the voltage sampling unit, the
current sampling unit, and the carrier modulation unit.
The voltage sampling unit is connected to the common-
mode modulated-wave change rate calculation unit. The
common-mode modulated-wave change rate calculation
unit is connected to the common-mode modulated wave
calculation unit. The current sampling unit is connected
to the control unit. The control unit is separately connect-
ed to the common-mode modulated wave calculation unit
and the carrier modulation unit.
[0024] The voltage sampling unit is configured to ob-
tain, from the single-phase converter, a voltage corre-
sponding to a direct-current-side positive-bus level and
a voltage corresponding to a direct-current-side nega-
tive-bus level, and send the voltage corresponding to the
direct-current-side positive-bus level and the voltage cor-
responding to the direct-current-side negative-bus level
to the common-mode modulated-wave change rate cal-
culation unit.
[0025] The current sampling unit is configured to obtain
an output current (for example, ig in FIG. 2) from the sin-
gle-phase converter, and send the output current to the
control unit.
[0026] The common-mode modulated-wave change
rate calculation unit is configured to perform calculation
on the voltage corresponding to the direct-current-side
positive-bus level (for example, V1 in FIG. 2), the voltage
corresponding to the direct-current-side negative-bus
level (for example, V2 in FIG. 2), and a voltage reference
value about the voltage corresponding to a first level and
the voltage corresponding to a second level, to obtain a
common-mode modulated-wave change rate (K), and
send the common-mode modulated-wave change rate
to the common-mode modulated-wave calculation unit.
[0027] The control unit is configured to perform calcu-
lation on the output current and a current reference value,
to obtain a first-phase initial modulated wave of the sin-
gle-phase converter and a second-phase initial modulat-
ed wave of the single-phase converter, and send the first-
phase initial modulated wave and the second-phase in-
itial modulated wave to the common-mode modulated-
wave calculation unit.
[0028] The common-mode modulated-wave calcula-
tion unit is configured to perform calculation on the first-
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phase initial modulated wave, the second-phase initial
modulated wave, and the common-mode modulated-
wave change rate, to obtain a common-mode modulated
wave.
[0029] The first-phase initial modulated wave and the
second-phase initial modulated wave that are output by
the control unit, and the common-mode modulated wave
that is output by the common-mode modulated-wave cal-
culation unit are processed, to obtain a pulse width mod-
ulated wave. The pulse width modulated wave is output
to the carrier modulation unit.
[0030] The carrier modulation unit is configured to out-
put a drive signal to the single-phase converter based on
the pulse width modulated wave, to control different
on/off states of switch assemblies (for example, Sa and
Sb in FIG. 2) in the single-phase converter, so that the
single-phase converter outputs different voltages.
[0031] A schematic structural diagram of a single-
phase three-level photovoltaic grid-tied system shown in
FIG. 2 is used as an example. The single-phase three-
level photovoltaic grid-tied system may include a photo-
voltaic panel, a single-phase converter, and an alternat-
ing current power grid. A direct current side of the single-
phase converter is connected to the photovoltaic panel,
and an alternating current side of the single-phase con-
verter is connected to the alternating current power grid
by using a filter inductor (for example, L1 or L2). The
single-phase three-level photovoltaic grid-tied system
converts a direct current generated by the photovoltaic
panel into an alternating current and inputs the alternat-
ing current into the alternating current power grid.
[0032] In the single-phase converter shown in FIG. 2,
a positive electrode of a capacitor C1 is separately con-
nected to the photovoltaic panel, a switch assembly Sa,
and a switch assembly Sb; a negative electrode of the
capacitor C1 is separately connected to a positive elec-
trode of a capacitor C2, the switch assembly Sa, and the
switch assembly Sb; a negative electrode of the capacitor
C2 is separately connected to the photovoltaic panel, the
switch assembly Sa, and the switch assembly Sb; the
switch assembly Sa is connected a filter inductor L1; the
filter inductor L1 is connected to the alternating current
power grid; the switch assembly Sb is connected to a
filter inductor L2; and the filter inductor L2 is connected
to the alternating current power grid. A current output by
the filter inductor L1 (or L2) is an output current ig.
[0033] On a direct current bus side of the single-phase
converter, voltage division is implemented by using the
two capacitors C1 and C2. Bridge arms of two phases
implement electric energy conversion between the direct
current side and the alternating current side by using the
switch assemblies Sa and Sb. Three levels may be output
at an alternating current port by controlling different on/off
states of the switch assemblies of the bridge arms. For
example, if Sa is connected to a positive-bus point P, a
level output by a phase A (namely, a first phase) is a
positive-bus level; if Sa is connected to a bus neutral point
O, a level output by a phase A is a zero level; or if Sa is

connected to a negative-bus point N, a level output by a
phase A is a negative level. For another example, if Sb
is connected to a positive-bus point P, a level output by
a phase B (namely, a second phase) is a positive-bus
level; if Sb is connected to a bus neutral point O, a level
output by a phase B is a zero level; or if Sb is connected
to a negative-bus point N, a level output by a phase B is
a negative level.
[0034] It should be noted that a single-phase energy
storage system has a structure similar to that of the sin-
gle-phase three-level photovoltaic grid-tied system. After
the photovoltaic panel in FIG. 2 is replaced with a sto-
rassge battery, a schematic structural diagram of the sin-
gle-phase energy storage system is obtained. The single-
phase energy storage system is used to implement bidi-
rectional energy exchange between an alternating cur-
rent power grid and a storage battery.
[0035] Based on the schematic architectural diagram
of the single-phase converter control system shown in
FIG. 1, FIG.3 shows a single-phase converter control
method according to an embodiment of this application.
The method includes but is not limited to the following
steps.
[0036] Step S301: Perform calculation on a voltage
corresponding to a first level output by a single-phase
converter, a voltage corresponding to a second level out-
put by the single-phase converter, and a voltage refer-
ence value about the voltage corresponding to the first
level and the voltage corresponding to the second level,
to obtain a common-mode modulated-wave change rate
of the single-phase converter, where the first level is a
direct-current-side positive-bus level, and the second
level is a direct-current-side negative-bus level.
[0037] Specifically, the control system may obtain an
absolute value of a difference between the voltage cor-
responding to the direct-current-side positive-bus level
of the single-phase converter and the voltage corre-
sponding to the direct-current-side negative-bus level of
the single-phase converter, and perform calculation on
the absolute value of the difference and the voltage ref-
erence value, to obtain the common-mode modulated-
wave change rate. The absolute value of the difference
is inversely proportional to the common-mode modulat-
ed-wave change rate. For example, the voltage reference
value may be an arithmetic average value of the voltage
corresponding to the direct-current-side positive-bus lev-
el and the voltage corresponding to the direct-current-
side negative-bus level.
[0038] There are two manners for calculating the com-
mon-mode modulated-wave change rate. For details, re-
fer to the following descriptions.
[0039] 1. A first manner for calculating the common-
mode modulated-wave change rate may be: obtaining
the absolute value of the difference between the voltage
corresponding to the direct-current-side positive-bus lev-
el and the voltage corresponding to the direct-current-
side negative-bus level; dividing the absolute value of
the difference by the voltage reference value, to obtain
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a quotient; and when the quotient is less than or equal
to a first preset threshold, determining that the common-
mode modulated-wave change rate is a first value; when
the quotient is greater than a first preset threshold but
less than or equal to a second preset threshold, deter-
mining that the common-mode modulated-wave change
rate is a second value; or when the quotient is greater
than a second preset threshold, determining that the
common-mode modulated-wave change rate is a third
value, where the second value is less than the first value,
and the third value is less than the second value.
[0040] In this embodiment of this application, the com-
mon-mode modulated-wave change rate decreases with
an increase in the deviation between the voltage corre-
sponding to the direct-current-side positive-bus level and
the voltage corresponding to the direct-current-side neg-
ative-bus level. A relationship between the common-
mode modulated-wave change rate and the deviation is
a piecewise function. For example, the manner for cal-
culating the common-mode modulated-wave change
rate may be shown as follows: 

[0041] K represents the common-mode modulated-
wave change rate, V1 represents the voltage correspond-
ing to the direct-current-side positive-bus level, V2 rep-
resents the voltage corresponding to the direct-current-
side negative-bus level, and Vdcref represents the voltage
reference value. For example, the first preset threshold
may be 5%, the second preset threshold may be 10%,
the first value may be 1, the second value may be 0.7,
and the third value may be 0.5. A schematic diagram of
the common-mode modulated-wave change rate ob-
tained by using the foregoing piecewise function may be
shown in FIG. 4. When the quotient obtained by dividing
the absolute value of the difference by the voltage refer-
ence value is less than or equal to 5%, it is determined
that the common-mode modulated-wave change rate is
1; when the quotient obtained by dividing the absolute
value of the difference by the voltage reference value is
greater than 5% but less than or equal to 10%, it is de-
termined that the common-mode modulated-wave
change rate is 0.7; or when the quotient obtained by di-
viding the absolute value of the difference by the voltage
reference value is greater than 10%, it is determined that
the common-mode modulated-wave change rate is 0.5.
[0042] It should be noted that the first preset threshold,
the second preset threshold, the first value, the second

value, and the third value in this embodiment of this ap-
plication are only examples. For example, the first preset
threshold may be 6%, the second preset threshold may
be 11%, the first value may be 1, the second value may
be 0.8, and the third value may be 0.3, and so on. This
embodiment of this application is not limited thereto.
[0043] 2. A second manner for calculating the com-
mon-mode modulated-wave change rate may be: obtain-
ing the absolute value of the difference between the volt-
age corresponding to the direct-current-side positive-bus
level and the voltage corresponding to the direct-current-
side negative-bus level; multiplying the absolute value of
the difference by a preset adjustment coefficient, to ob-
tain a fourth value; subtracting the fourth value from the
voltage reference value, to obtain a fifth value; and divid-
ing the fifth value by the voltage reference value, to obtain
the common-mode modulated-wave change rate.
[0044] In this embodiment of this application, the com-
mon-mode modulated-wave change rate decreases with
an increase in the deviation between the voltage corre-
sponding to the direct-current-side positive-bus level and
the voltage corresponding to the direct-current-side neg-
ative-bus level. A relationship between the common-
mode modulated-wave change rate and the deviation is
an inversely proportional linear relationship. For exam-
ple, the manner for calculating the common-mode mod-
ulated-wave change rate may be shown as follows: 

[0045] K represents the common-mode modulated-
wave change rate, V1 represents the voltage correspond-
ing to the direct-current-side positive-bus level, V2 rep-
resents the voltage corresponding to the direct-current-
side negative-bus level, Vdcref represents the voltage ref-
erence value, and Cv represents the preset adjustment
coefficient. For example, Cv may be 10. A schematic di-
agram of the common-mode modulated-wave change
rate obtained by using the foregoing formula may be
shown in FIG. 5. When the absolute value of the differ-
ence between the voltage corresponding to the direct-
current-side positive-bus level and the voltage corre-
sponding to the direct-current-side negative-bus level is
0, it is determined that the common-mode modulated-
wave change rate is 1. In a mutual relationship, shown
in FIG. 5, between the common-mode modulated-wave
change rate and the absolute value of the difference be-
tween the voltage corresponding to the direct-current-
side positive-bus level and the voltage corresponding to
the direct-current-side negative-bus level, a slope is
Cv/Vdcref.
[0046] It should be noted that the preset adjustment
coefficient in this embodiment of this application includes
but is not limited to 10. For example, the preset adjust-
ment coefficient may be 8, 15, or the like. This embodi-
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ment of this application is not limited thereto.
[0047] Step S302: Perform calculation on a first-phase
initial modulated wave of the single-phase converter, a
second-phase initial modulated wave of the single-phase
converter, and the common-mode modulated-wave
change rate, to obtain a common-mode modulated wave.
[0048] In an implementation, the control system may
perform calculation on the second-phase initial modulat-
ed wave and the common-mode modulated-wave
change rate, to obtain a first modulated wave, and com-
pare the first-phase initial modulated wave with the first
modulated wave, to obtain the common-mode modulated
wave. A schematic waveform diagram of an initial mod-
ulated wave shown in FIG. 6 is used as an example. Both
the first-phase initial modulated wave and the second-
phase initial modulated wave are sinusoidal waves. Am-
plitude of the first-phase initial modulated wave at any
moment is greater than or equal to -1 but less than or
equal to 1, and amplitude of the second-phase initial mod-
ulated wave at any moment is greater than or equal to
-1 but less than or equal to 1. The first-phase initial mod-
ulated wave and the second-phase initial modulated
wave meet the following relationship: A sum of the am-
plitude of the first-phase initial modulated wave at any
moment and the amplitude of the second-phase initial
modulated wave at the moment is zero, in other words,
Va=-Vb, where Va represents the first-phase initial mod-
ulated wave, and Vb represents the second-phase initial
modulated wave.
[0049] A specific implementation in which the control
system calculates on the second-phase initial modulated
wave and the common-mode modulated-wave change
rate, to obtain the first modulated wave may be: subtract-
ing the second-phase initial modulated wave from a mod-
ulated wave of a third level output by the single-phase
converter, to obtain a second modulated wave of the sin-
gle-phase converter, and multiplying the second modu-
lated wave by the common-mode modulated-wave
change rate, to obtain the first modulated wave, where
the third level is a zero level. It should be noted that the
modulated wave of the third level in this embodiment of
this application may be obtained after normalization
processing is performed on the modulated wave of the
third level output by the single-phase converter. In other
words, a voltage of the modulated wave of the third level
in this embodiment of this application at any moment is
0. In this case, the first modulated wave may be
-KxVb=KxVa.
[0050] Then, a specific implementation in which the
control system compares the first-phase initial modulated
wave with the first modulated wave, to obtain the com-
mon-mode modulated wave may be: subtracting the first-
phase initial modulated wave from a modulated wave of
the first level, to obtain a third modulated wave of the
single-phase converter; subtracting the first-phase initial
modulated wave from a modulated wave of the second
level, to obtain a fourth modulated wave of the single-
phase converter; and comparing the first modulated

wave, the third modulated wave, and the fourth modulat-
ed wave, to determine the common-mode modulated
wave, where amplitude of the common-mode modulated
wave at any moment is amplitude with a minimum abso-
lute value among amplitude of the first modulated wave
at the moment, amplitude of the third modulated wave at
the moment, and amplitude of the fourth modulated wave
at the moment.
[0051] It should be noted that the modulated wave of
the first level in this embodiment of this application may
be obtained after normalization processing is performed
on the modulated wave of the first level output by the
single-phase converter. In other words, a voltage of the
modulated wave of the first level in this embodiment of
this application at any moment is 1. In this case, the third
modulated wave may be 1-Va. The modulated wave of
the second level in this embodiment of this application
may be obtained after normalization processing is per-
formed on the modulated wave of the second level output
by the single-phase converter. In other words, a voltage
of the modulated wave of the second level in this embod-
iment of this application at any moment is -1. In this case,
the third modulated wave may be -1-Va.
[0052] Whenk=1, a schematic waveform diagram of
the common-mode modulated wave obtained by using
the foregoing method may be shown in FIG. 7A. When
k=0.7, a schematic waveform diagram of the common-
mode modulated wave obtained by using the foregoing
method may be shown in FIG. 7B. When k=0.5, a sche-
matic waveform diagram of the common-mode modulat-
ed wave obtained by using the foregoing method may be
shown in FIG. 7C. It may be learned from FIG. 7A to FIG.
7C that regardless of a degree of the deviation between
the voltage corresponding to the first level and the voltage
corresponding to the second level, the obtained com-
mon-mode modulated wave is continuous and does not
have a step change, and a smaller common-mode mod-
ulated wave change rate indicates a smaller peak value
of a common-mode injection amount and a smoother
change between a positive peak value and a negative
peak value.
[0053] In another implementation, the control system
may perform calculation on the first-phase initial modu-
lated wave and the common-mode modulated-wave
change rate, to obtain a seventh modulated wave of the
single-phase converter, and compare the second-phase
initial modulated wave with the seventh modulated wave,
to obtain the common-mode modulated wave. The first-
phase initial modulated wave (namely, a phase-A mod-
ulated wave) and the second-phase initial modulated
wave (namely, a phase-B modulated wave) in this em-
bodiment of this application may be shown in FIG. 6.
[0054] A specific implementation in which the control
system calculates on the first-phase initial modulated
wave and the common-mode modulated-wave change
rate, to obtain the seventh modulated wave of the single-
phase converter may be: subtracting the first-phase initial
modulated wave from a modulated wave of a third level,
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to obtain an eighth modulated wave of the single-phase
converter, and multiplying the eighth modulated wave by
the common-mode modulated-wave change rate, to ob-
tain the seventh modulated wave. In other words, the
seventh modulated wave may be -KxVa.
[0055] Then, a specific implementation in which the
control system compares the second-phase initial mod-
ulated wave with the seventh modulated wave, to obtain
the common-mode modulated wave may be: subtracting
the second-phase initial modulated wave from a modu-
lated wave of the first level, to obtain a ninth modulated
wave; subtracting the second-phase initial modulated
wave from a modulated wave of the second level, to ob-
tain a tenth modulated wave; and comparing the seventh
modulated wave, the ninth modulated wave, and the
tenth modulated wave, to determine the common-mode
modulated wave, where amplitude of the common-mode
modulated wave at any moment is amplitude with a min-
imum absolute value among amplitude of the seventh
modulated wave at the moment, amplitude of the ninth
modulated wave at the moment, and amplitude of the
tenth modulated wave at the moment. The ninth modu-
lated wave may be 1-Vb=1+Va, and the tenth modulated
wave may be -1-Vb=-1+Va.
[0056] The common-mode modulated wave obtained
by using the foregoing method is symmetrical with the
common-mode modulated waves shown in FIG. 7A to
FIG. 7C on a lateral axis. Regardless of a degree of the
deviation between the voltage corresponding to the first
level and the voltage corresponding to the second level,
the obtained common-mode modulated wave is contin-
uous and does not have a step change, and a smaller
common-mode modulated wave change rate indicates a
smaller peak value of a common-mode injection amount
and a smoother change between a positive peak value
and a negative peak value.
[0057] Step S303: Perform calculation on the first-
phase initial modulated wave, the second-phase initial
modulated wave, and the common-mode modulated
wave, to obtain a pulse width modulated wave.
[0058] Specifically, the control system may add the
first-phase initial modulated wave and the common-
mode modulated wave together, to obtain a fifth modu-
lated wave, and add the second-phase initial modulated
wave and the common-mode modulated wave together,
to obtain a sixth modulated wave. The fifth modulated
wave and the sixth modulated wave form the pulse width
modulated wave.
[0059] When the quotient obtained by dividing the ab-
solute value of the difference between the voltage cor-
responding to the first level and the voltage correspond-
ing to the second level by the voltage reference value is
less than or equal to 5%, a schematic waveform diagram
of an obtained pulse width modulated wave may be
shown in FIG. 8A, where va_mod represents the fifth mod-
ulated wave, and vb_mod represents the sixth modulated
wave. va_mod has obvious clamping states 1 and -1, and
vb_mod has an obvious clamping state 0. The three clamp-

ing states alternately appear, to ensure that at any mo-
ment, there is a phase whose bridge arm is in a clamping
state. A clamping time of the phase A accounts for 70%
of an entire power frequency cycle.
[0060] When the quotient obtained by dividing the ab-
solute value of the difference between the voltage cor-
responding to the first level and the voltage correspond-
ing to the second level by the voltage reference value is
greater than 5% but less than or equal to 10%, a sche-
matic waveform diagram of an obtained pulse width mod-
ulated wave may be shown in FIG. 8B. va_mod has obvi-
ous clamping states 1 and -1, but vb_mod already does
not have a clamping state 0. A clamping time of the phase
A is shortened to 62% of an entire power frequency cycle.
[0061] When the quotient obtained by dividing the ab-
solute value of the difference between the voltage cor-
responding to the first level and the voltage correspond-
ing to the second level by the voltage reference value is
greater than 10%, a schematic waveform diagram of an
obtained pulse width modulated wave may be shown in
FIG. 8C. A clamping time of the phase A is further short-
ened to only 54% of an entire power frequency cycle.
[0062] After FIG. 8A, FIG. 8B, and FIG. 8C are com-
pared, it can be learned that the single-phase converter
control method provided in this application can be used
to adaptively adjust a modulation method based on a
system neutral-point potential deviation (in other words,
a degree of the deviation between the voltage corre-
sponding to the first level and the voltage corresponding
to the second level). When the system neutral-point po-
tential deviation is relatively large, a DPWM clamping
state ratio may be automatically reduced, to improve a
system neutral-point potential balancing capability; and
when the system neutral-point potential deviation is rel-
atively small, the DPWM clamping state ratio may be
automatically increased, to reduce a system switching
loss.
[0063] When K=1, 0.5, or 0.7, a relative fluctuation of
neutral-point potential may be shown in FIG. 9. It can be
learned that when k=1, a peak value of a system neutral-
point potential fluctuation is the largest; when K=0.7, a
peak value of the system neutral-point potential fluctua-
tion is 86% of the peak value obtained whenk=1; and
when K=0.5, a peak value of the system neutral-point
potential fluctuation decreases greatly, and is only 77%
of the peak value obtained when k=1. If a value of K
further decreases, the peak value of the system neutral-
point potential fluctuation further decreases. It can indi-
cate that the single-phase converter control method pro-
vided in this application can change the system neutral-
point potential fluctuation by adjusting the common-
mode modulated wave change rate, so as to further
change a system neutral-point potential balancing capa-
bility.
[0064] In the method described in FIG. 3, calculation
is performed on the voltage corresponding to the first
level, the voltage corresponding to the second level, and
the voltage reference value, to obtain the common-mode
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modulated-wave change rate; and calculation is per-
formed on the first-phase initial modulated wave, the sec-
ond-phase initial modulated wave, and the common-
mode modulated-wave change rate, to obtain the com-
mon-mode modulated wave. This can avoid use of an
algorithm process of a virtual third phase, thereby reduc-
ing a time delay, and improving a system response speed
and system reliability. In addition, magnitude and a
change slope of a common-mode component can be ad-
justed based on the voltage corresponding to the first
level and the voltage corresponding to the second level,
and an action time range of a system DPWM method can
be further adjusted, thereby improving a system neutral-
point potential balancing capability.
[0065] The foregoing describes the method of the em-
bodiments of this application in detail, and the following
provides an apparatus of the embodiments of this appli-
cation.
[0066] FIG. 10 is a schematic structural diagram of a
single-phase converter control apparatus according to
an embodiment of this application. The single-phase con-
verter control apparatus is configured to perform the
method in the embodiment shown in FIG. 3. The single-
phase converter control apparatus may include a com-
mon-mode modulated-wave change rate calculation unit
1001, a common-mode modulated wave calculation unit
1002, and a pulse width modulated wave calculation unit
1003. A detailed description of each unit is as follows:
[0067] The common-mode modulated-wave change
rate calculation unit 1001 is configured to perform calcu-
lation on a voltage corresponding to a first level output
by a single-phase converter, a voltage corresponding to
a second level output by the single-phase converter, and
a voltage reference value about the voltage correspond-
ing to the first level and the voltage corresponding to the
second level, to obtain a common-mode modulated-
wave change rate of the single-phase converter, where
the first level is a direct-current-side positive-bus level,
and the second level is a direct-current-side negative-
bus level.
[0068] The common-mode modulated wave calcula-
tion unit 1002 is configured to perform calculation on a
first-phase initial modulated wave of the single-phase
converter, a second-phase initial modulated wave of the
single-phase converter, and the common-mode modu-
lated-wave change rate, to obtain a common-mode mod-
ulated wave of the single-phase converter.
[0069] The pulse width modulated wave calculation
unit 1003 is configured to perform calculation on the first-
phase initial modulated wave, the second-phase initial
modulated wave, and the common-mode modulated
wave, to obtain a pulse width modulated wave.
[0070] Optionally, the common-mode modulated-
wave change rate calculation unit 1001 is specifically
configured to:

obtain an absolute value of a difference between the
voltage corresponding to the first level and the volt-

age corresponding to the second level; and
perform calculation on the absolute value of the dif-
ference and the voltage reference value, to obtain
the common-mode modulated-wave change rate,
where the absolute value of the difference is inverse-
ly proportional to the common-mode modulated-
wave change rate.

[0071] Optionally, the common-mode modulated-
wave change rate calculation unit 1001 calculates on the
absolute value of the difference and the voltage reference
value, to obtain the common-mode modulated-wave
change rate, and is specifically configured to:

divide the absolute value of the difference by the
voltage reference value, to obtain a quotient; and
when the quotient is less than or equal to a first preset
threshold, determine that the common-mode modu-
lated-wave change rate is a first value.

[0072] Optionally, after dividing the absolute value of
the difference by the voltage reference value, to obtain
the quotient, the common-mode modulated-wave
change rate calculation unit 1001 is further configured to:
when the quotient is greater than the first preset threshold
but less than or equal to a second preset threshold, de-
termine that the common-mode modulated-wave change
rate is a second value, where the second value is less
than the first value.
[0073] Optionally, after dividing the absolute value of
the difference by the voltage reference value, to obtain
the quotient, the common-mode modulated-wave
change rate calculation unit 1001 is further configured to:
when the quotient is greater than the second preset
threshold, determine that the common-mode modulated-
wave change rate is a third value, where the third value
is less than the second value.
[0074] Optionally, the common-mode modulated-
wave change rate calculation unit 1001 calculates on the
absolute value of the difference and the voltage reference
value, to obtain the common-mode modulated-wave
change rate, and is specifically configured to:

multiply the absolute value of the difference by a pre-
set adjustment coefficient, to obtain a fourth value;
subtract the fourth value from the voltage reference
value, to obtain a fifth value; and
divide the fifth value by the voltage reference value,
to obtain the common-mode modulated-wave
change rate.

[0075] Optionally, the common-mode modulated-
wave calculation unit 1002 is specifically configured to:

perform calculation on the second-phase initial mod-
ulated wave and the common-mode modulated-
wave change rate, to obtain a first modulated wave;
and
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compare the first-phase initial modulated wave with
the first modulated wave, to obtain the common-
mode modulated wave.

[0076] Optionally, the common-mode modulated-
wave calculation unit 1002 calculates on the second-
phase initial modulated wave and the common-mode
modulated-wave change rate, to obtain the first modu-
lated wave, and is specifically configured to:
subtract the second-phase initial modulated wave from
a modulated wave of a third level output by the single-
phase converter, to obtain a second modulated wave of
the single-phase converter, and multiply the second mod-
ulated wave by the common-mode modulated-wave
change rate, to obtain the first modulated wave, where
the third level is a zero level.
[0077] The common-mode modulated-wave calcula-
tion unit 1002 compares the first-phase initial modulated
wave with the first modulated wave, to obtain the com-
mon-mode modulated wave, and is specifically config-
ured to:

subtract the first-phase initial modulated wave from
a modulated wave of the first level, to obtain a third
modulated wave of the single-phase converter;
subtract the first-phase initial modulated wave from
a modulated wave of the second level, to obtain a
fourth modulated wave of the single-phase convert-
er; and
compare the first modulated wave, the third modu-
lated wave, and the fourth modulated wave, to de-
termine the common-mode modulated wave, where
amplitude of the common-mode modulated wave at
any moment is amplitude with a minimum absolute
value among amplitude of the first modulated wave
at the moment, amplitude of the third modulated
wave at the moment, and amplitude of the fourth
modulated wave at the moment.

[0078] Optionally, amplitude of the modulated wave of
the first level at any moment, amplitude of the modulated
wave of the second level at any moment, amplitude of
the modulated wave of the third level at any moment,
amplitude of the first-phase initial modulated wave at any
moment, or amplitude of the second-phase initial modu-
lated wave at any moment is greater than or equal to -1
but less than or equal to 1.
[0079] Optionally, the pulse width modulated wave in-
cludes a fifth modulated wave and a sixth modulated
wave; and the pulse width modulated wave calculation
unit 1003 is specifically configured to:

add the first-phase initial modulated wave and the
common-mode modulated wave together, to obtain
the fifth modulated wave; and
add the second-phase initial modulated wave and
the common-mode modulated wave together, to ob-
tain the sixth modulated wave.

[0080] It should be noted that for implementation of
each module, reference may be further made to a corre-
sponding description of the embodiment shown in FIG.
3 correspondingly.
[0081] It should be noted that unit division in the em-
bodiments of this application is an example, and is merely
logical function division and may be other division in ac-
tual implementation. Functional units in the embodiments
of this application may be integrated into one unit, or each
of the units may exist alone physically, or two or more
units are integrated into one module. The integrated unit
may be implemented in a form of hardware, or may be
implemented in a form of a software function module.
[0082] All or some of the foregoing embodiments may
be implemented through software, hardware, firmware,
or any combination thereof. When software is used to
implement the embodiments, the embodiments may be
implemented completely or partially in a form of a com-
puter program product. The computer program product
includes one or more computer instructions. When the
computer program instructions are loaded and executed
on a computer, all or some of the procedure or functions
according to the embodiments of this application are gen-
erated. The computer may be a general-purpose com-
puter, a dedicated computer, a computer network, or an-
other programmable apparatus. The computer instruc-
tions may be stored in a computer-readable storage me-
dium or may be transmitted from a computer-readable
storage medium to another computer-readable storage
medium. For example, the computer instructions may be
transmitted from a website, computer, server, or data
center to another website, computer, server, or data cent-
er in a wired (for example, a coaxial cable, an optical
fiber, or a digital subscriber line) or wireless (for example,
infrared, radio, or microwave) manner..

Claims

1. A single-phase converter control method, wherein
the method comprises:

calculating on a voltage corresponding to a first
level output by a single-phase converter, a volt-
age corresponding to a second level output by
the single-phase converter, and a voltage refer-
ence value about the voltage corresponding to
the first level and the voltage corresponding to
the second level, to obtain a common-mode
modulated-wave change rate of the single-
phase converter, wherein the first level is a di-
rect-current-side positive-bus level, and the sec-
ond level is a direct-current-side negative-bus
level;
calculating on a first-phase initial modulated
wave of the single-phase converter, a second-
phase initial modulated wave of the single-
phase converter, and the common-mode mod-
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ulated-wave change rate, to obtain a common-
mode modulated wave of the single-phase con-
verter, wherein both the first-phase initial mod-
ulated wave and the second-phase initial mod-
ulated wave are sinusoidal waves, and a sum
of amplitude of the first-phase initial modulated
wave at any moment and amplitude of the sec-
ond-phase initial modulated wave at the mo-
ment is zero; and
calculating on the first-phase initial modulated
wave, the second-phase initial modulated wave,
and the common-mode modulated wave, to ob-
tain a pulse width modulated wave of the single-
phase converter.

2. The method according to claim 1, wherein the cal-
culating on a voltage corresponding to a first level
output by a single-phase converter, a voltage corre-
sponding to a second level output by the single-
phase converter, and a voltage reference value
about the voltage corresponding to the first level and
the voltage corresponding to the second level, to ob-
tain a common-mode modulated-wave change rate
of the single-phase converter comprises:

obtaining an absolute value of a difference be-
tween the voltage corresponding to the first level
and the voltage corresponding to the second lev-
el; and
calculating on the absolute value of the differ-
ence and the voltage reference value, to obtain
the common-mode modulated-wave change
rate, wherein the absolute value of the difference
is inversely proportional to the common-mode
modulated-wave change rate.

3. The method according to claim 2, wherein the cal-
culating on the absolute value of the difference and
the voltage reference value, to obtain the common-
mode modulated-wave change rate comprises:

dividing the absolute value of the difference by
the voltage reference value, to obtain a quotient;
and
when the quotient is less than or equal to a first
preset threshold, determining that the common-
mode modulated-wave change rate is a first val-
ue.

4. The method according to claim 3, wherein after the
dividing the absolute value of the difference by the
voltage reference value, to obtain a quotient, the
method further comprises:

when the quotient is greater than the first preset
threshold but less than or equal to a second pre-
set threshold, determining that the common-
mode modulated-wave change rate is a second

value, wherein the second value is less than the
first value.

5. The method according to claim 4, wherein after the
dividing the absolute value of the difference by the
voltage reference value, to obtain a quotient, the
method further comprises:

when the quotient is greater than the second
preset threshold, determining that the common-
mode modulated-wave change rate is a third val-
ue, wherein the third value is less than the sec-
ond value.

6. The method according to claim 2, wherein the cal-
culating on the absolute value of the difference and
the voltage reference value, to obtain the common-
mode modulated-wave change rate comprises:

multiplying the absolute value of the difference
by a preset adjustment coefficient, to obtain a
fourth value;
subtracting the fourth value from the voltage ref-
erence value, to obtain a fifth value; and
dividing the fifth value by the voltage reference
value, to obtain the common-mode modulated-
wave change rate.

7. The method according to claim 1, wherein the cal-
culating on a first-phase initial modulated wave of
the single-phase converter, a second-phase initial
modulated wave of the single-phase converter, and
the common-mode modulated-wave change rate, to
obtain a common-mode modulated wave of the sin-
gle-phase converter comprises:

calculating on the second-phase initial modulat-
ed wave and the common-mode modulated-
wave change rate, to obtain a first modulated
wave of the single-phase converter; and
comparing the first-phase initial modulated
wave with the first modulated wave, to obtain
the common-mode modulated wave.

8. The method according to claim 7, wherein the cal-
culating on the second-phase initial modulated wave
and the common-mode modulated-wave change
rate, to obtain a first modulated wave of the single-
phase converter comprises:

subtracting the second-phase initial modulated
wave from a modulated wave of a third level out-
put by the single-phase converter, to obta in a
second modulated wave of the single-phase
converter, and multiplying the second modulat-
ed wave by the common-mode modulated-wave
change rate, to obtain the first modulated wave,
wherein the third level is a zero level; and
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the comparing the first-phase initial modulated
wave with the first modulated wave, to obtain
the common-mode modulated wave comprises:

subtracting the first-phase initial modulated
wave from a modulated wave of the first lev-
el, to obtain a third modulated wave of the
single-phase converter;
subtracting the first-phase initial modulated
wave from a modulated wave of the second
level, to obtain a fourth modulated wave of
the single-phase converter; and
comparing the first modulated wave, the
third modulated wave, and the fourth mod-
ulated wave, to determine the common-
mode modulated wave, wherein amplitude
of the common-mode modulated wave at
any moment is amplitude with a minimum
absolute value among amplitude of the first
modulated wave at the moment, amplitude
of the third modulated wave at the moment,
and amplitude of the fourth modulated wave
at the moment.

9. The method according to claim 8, wherein amplitude
of the modulated wave of the first level at any mo-
ment, amplitude of the modulated wave of the sec-
ond level at any moment, amplitude of the modulated
wave of the third level at any moment, the amplitude
of the first-phase initial modulated wave at any mo-
ment, or the amplitude of the second-phase initial
modulated wave at any moment is greater than or
equal to -1 but less than or equal to 1.

10. The method according to claim 1, wherein the pulse
width modulated wave comprises a fifth modulated
wave and a sixth modulated wave; and
the calculating on the first-phase initial modulated
wave, the second-phase initial modulated wave, and
the common-mode modulated wave, to obtain a
pulse width modulated wave of the single-phase con-
verter comprises:

adding the first-phase initial modulated wave
and the common-mode modulated wave togeth-
er, to obtain the fifth modulated wave; and
adding the second-phase initial modulated wave
and the common-mode modulated wave togeth-
er, to obtain the sixth modulated wave.

11. A single-phase converter control apparatus, wherein
the apparatus comprises:

a common-mode modulated-wave change rate
calculation unit, configured to perform calcula-
tion on a voltage corresponding to a first level
output by a single-phase converter, a voltage
corresponding to a second level output by the

single-phase converter, and a voltage reference
value about the voltage corresponding to the first
level and the voltage corresponding to the sec-
ond level, to obtain a common-mode modulated-
wave change rate of the single-phase converter,
wherein the first level is a direct-current-side
positive-bus level, and the second level is a di-
rect-current-side negative-bus level;
a common-mode modulated wave calculation
unit, configured to perform calculation on a first-
phase initial modulated wave of the single-
phase converter, a second-phase initial modu-
lated wave of the single-phase converter, and
the common-mode modulated-wave change
rate, to obtain a common-mode modulated wave
of the single-phase converter, wherein both the
first-phase initial modulated wave and the sec-
ond-phase initial modulated wave are sinusoidal
waves, and a sum of amplitude of the first-phase
initial modulated wave at any moment and am-
plitude of the second-phase initial modulated
wave at the moment is zero; and
a pulse width modulated wave calculation unit,
configured to perform calculation on the first-
phase initial modulated wave, the second-phase
initial modulated wave, and the common-mode
modulated wave, to obtain a pulse width modu-
lated wave of the single-phase converter.

12. The apparatus according to claim 11, wherein the
common-mode modulated-wave change rate calcu-
lation unit is specifically configured to:

obtain an absolute value of a difference between
the voltage corresponding to the first level and
the voltage corresponding to the second level;
and
perform calculation on the absolute value of the
difference and the voltage reference value, to
obtain the common-mode modulated-wave
change rate, wherein the absolute value of the
difference is inversely proportional to the com-
mon-mode modulated-wave change rate.

13. The apparatus according to claim 12, wherein the
common-mode modulated-wave change rate calcu-
lation unit is further configured to:

divide the absolute value of the difference by the
voltage reference value, to obtain a quotient;
and
when the quotient is less than or equal to a first
preset threshold, determine that the common-
mode modulated-wave change rate is a first val-
ue.

14. The apparatus according to claim 13, wherein after
dividing the absolute value of the difference by the

21 22 



EP 3 506 474 A1

13

5

10

15

20

25

30

35

40

45

50

55

voltage reference value, to obtain the quotient, the
common-mode modulated-wave change rate calcu-
lation unit is further configured to:

when the quotient is greater than the first preset
threshold but less than or equal to a second pre-
set threshold, determine that the common-mode
modulated-wave change rate is a second value,
wherein the second value is less than the first
value.

15. The apparatus according to claim 14, wherein after
dividing the absolute value of the difference by the
voltage reference value, to obtain the quotient, the
common-mode modulated-wave change rate calcu-
lation unit is further configured to:

when the quotient is greater than the second
preset threshold, determine that the common-
mode modulated-wave change rate is a third val-
ue, wherein the third value is less than the sec-
ond value.
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