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(54) METHOD FOR CONTROLLING SHUTDOWN OF PHOTOVOLTAIC INVERTERS, SYSTEM 
THEREOF, AND PHOTOVOLTAIC POWER GENERATION SYSTEM

(57) A method for controlling shutdown of photovolta-
ic inverter, a system thereof, and a photovoltaic power
generation system are provided. Input current of the di-
rect current side of the photovoltaic inverter is obtained
when the grid-connected relay is closed, the first average
input current is determined. If the duration for which the
input current of the direct current side is less than or equal
to the first average input current reaches a first predeter-
mined duration, the grid-connected relay is disconnect-
ed, to stop the grid-connected operation of the photo-
voltaic inverter. In the solution, by determining whether
the duration for which the input current of the direct cur-
rent side of the photovoltaic inverter is less than or equal
to the first average input current reaches the first prede-
termined duration, it is determined whether to stop the
grid-connected operation of the photovoltaic inverter.
Thus, the duration of the grid-connected operation of the
photovoltaic inverter reach a certain range, repeatedly
disconnecting and closing the relay are avoided. The
problem of the reduction of service life of the relay caused
by repeatedly disconnecting and closing the relay in con-
ventional technology is solved.
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Description

TECHNICAL FIELD

[0001] The disclosure relates to the field of photovoltaic
power generation, and in particular to a method for con-
trolling shutdown of photovoltaic inverters, a system
thereof, and a photovoltaic power generation system.

BACKGROUND

[0002] As a main renewable technology, photovoltaic
power generation technology is widely used in many
countries and regions. In photovoltaic power generation
technology, a photovoltaic panel is used to absorb solar
energy and convert the solar energy into direct current,
and through maximum power tracking by the photovoltaic
inverter, the maximum direct current outputted by the
photovoltaic panel is converted into alternating current
for the use of loads.
[0003] The photovoltaic power generation technology
is directly related to sunray. With the gradual enhance-
ment of solar irradiance in the morning, the voltage out-
putted by a photovoltaic array rises. The photovoltaic in-
verter begins grid-connected operation when the voltage
reaches a startup voltage needed for the photovoltaic
inverter to operate. With the gradual weakening of solar
irradiance at sunset, open-circuit voltage and energy of
the photovoltaic panel gradually decrease, and at the mo-
ment, the power outputted by the photovoltaic inverter
gradually reduces. In a case that the power outputted by
the photovoltaic inverter is lower than a predetermined
threshold, the photovoltaic inverter tries to shut down,
disconnecting a grid-side relay.
[0004] At present, there are mainly two methods for
controlling shutdown of photovoltaic inverters. One meth-
od includes determining whether to shut down the pho-
tovoltaic inverter based on input power or output power
of the photovoltaic inverter. That is, a PWM pulse is
blocked, a grid-connected relay is disconnected, and the
photovoltaic inverter becomes in a standby state, in a
case that the power is less than a predetermined thresh-
old. However, using this method, the problem of frequent-
ly disconnecting and closing of the relay on a cloudy day
occurs, which greatly affects the service life of the grid-
connected relay.
[0005] Another method for controlling shutdown of
photovoltaic inverters includes determining whether to
shut down the photovoltaic inverter based on input volt-
age of the photovoltaic panel. That is, a PWM pulse is
blocked, a grid-connected relay is disconnected, and the
photovoltaic inverter becomes in a standby state, in a
case that the input voltage is less than a predetermined
threshold. If the predetermined threshold is too large, the
problem of frequent operations of the grid-connected re-
lay also occurs, which affects the service life of the grid-
connected relay.

SUMMARY

[0006] In view of this, a method for controlling shut-
down of a photovoltaic inverter, a system thereof, and a
photovoltaic power generation system are provided in
the disclosure, to solve the problem of service life affected
by frequent operations of the grid-connected relay when
determining whether to shut down the photovoltaic in-
verter based on the power or voltage. The solution is as
follows.
[0007] A method for controlling shutdown of a photo-
voltaic inverter, includes:

obtaining an input current of a direct current side of
the photovoltaic inverter when a grid-connected re-
lay is closed;

determining a first average input current, where the
first average input current is an average value of the
input current of the direct current side of the photo-
voltaic inverter;

comparing an input current of the direct current side
obtained in real time when the photovoltaic inverter
operates normally with the first average input cur-
rent, wherein the photovoltaic inverter begins oper-
ating normally when the grid-connected relay is
closed and the PWM pulse is turned on; and

disconnecting the grid-connected relay to stop the
grid-connected operation of the photovoltaic invert-
er, if it is determined that the duration for which the
input current of the direct current side obtained in
real time when the photovoltaic inverter operates
normally is less than or equal to the first average
input current reaches a first predetermined duration.

[0008] Further, obtaining the input current of the direct
current side of the photovoltaic inverter when the grid-
connected relay is closed, includes:

obtaining the input current of the direct current side
of the photovoltaic inverter in a first sampling condi-
tion, wherein the first sampling condition is a condi-
tion in which a voltage of the direct current side of
the photovoltaic panel is greater than a preset volt-
age startup threshold, the grid-connected operation
of the photovoltaic inverter has not begun, the PWM
pulse is blocked, and the grid-connected relay is
closed;

or, obtaining the input current of the direct current
side of the photovoltaic inverter in a second sampling
condition, where the second sampling condition is a
condition in which the PWM pulse is blocked, the
grid-connected relay is in a closed state and the pho-
tovoltaic inverter is performing the grid-connected
operation.
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[0009] Further, determining the first average input cur-
rent includes:

in the first sampling condition, acquiring the input
current of the direct current side of the photovoltaic
inverter, and calculating the average value of the in-
put current of the direct current side of the photo-
voltaic inverter which is obtained through sampling
at a first time, by the first time the period over which
the voltage of the direct current side of the photo-
voltaic panel is greater than the preset voltage star-
tup threshold is greater than a second predetermined
duration;

or, in the second sampling condition, acquiring the
input current of the direct current side of the photo-
voltaic inverter, and calculating the average value of
the input current of the direct current side of the pho-
tovoltaic inverter which is obtained through sampling
at a first time, by the first time the period over which
the voltage of the direct current side of the photo-
voltaic panel is greater than the preset voltage star-
tup threshold is greater than the second predeter-
mined duration.

[0010] Further, the method includes: stopping timing
of the input current of the direct current side of the pho-
tovoltaic inverter, in a case that the duration for which
the input current of the direct current side of the photo-
voltaic inverter is less than or equal to the first average
input current is not larger than the first predetermined
duration and it is determined that the input current of the
direct current side of the photovoltaic inverter is greater
than the first average input current.
[0011] A system for controlling shutdown of a photo-
voltaic inverter, includes: an obtaining unit, a current-de-
termining unit connected to the obtaining unit, a compar-
ing unit connected to both the obtaining unit and the cur-
rent-determining unit, and a stop-controlling unit con-
nected to the comparing unit, where
the obtaining unit is configured to obtain input current of
a direct current side of the photovoltaic inverter when a
grid-connected relay is closed, and obtain real-time input
current of the direct current side of the photovoltaic in-
verter after the grid-connected relay is closed;
the current-determining unit is configure to determine a
first average input current, wherein the first average input
current is an average value of the input current of the
direct current side of the photovoltaic inverter;
the comparing unit is configure to compare an input cur-
rent of the direct current side obtained in real time by the
current-determining unit when the photovoltaic inverter
operates normally with the first average input current,
wherein the photovoltaic inverter begins operating nor-
mally when the grid-connected relay is closed, and the
PWM pulse is turned on; and
the stop-controlling unit is configure to, disconnect the
grid-connected relay to stop the grid-connected opera-

tion of the photovoltaic inverter, if the comparing unit de-
termines that the input current of the direct current side
obtained in real time when the photovoltaic inverter op-
erates normally is less than or equal to the first average
input current, and the duration for which the input current
of the direct current side obtained in real time after the
grid-connected relay is closed is less than or equal to the
first average input current reaches a first predetermined
duration.
[0012] Further, the obtaining unit is configured to ob-
tain the input current of the direct current side of the pho-
tovoltaic inverter in a first sampling condition, wherein
the first sampling condition is a condition in which a volt-
age of the direct current side of the photovoltaic panel is
greater than a preset voltage startup threshold, the grid-
connected operation of the photovoltaic inverter has not
begun, the PWM pulse is blocked, and the grid-connect-
ed relay is closed;
or, obtaining the input current of the direct current side
of the photovoltaic inverter in a second sampling condi-
tion, where the second sampling condition is a condition
in which the PWM pulse is blocked, the grid-connected
relay is in a closed state and the photovoltaic inverter is
performing the grid-connected operation.
[0013] Further, the current-determining unit is config-
ured to, in the first sampling condition, calculate the av-
erage value of the input current of the direct current side
of the photovoltaic inverter which is obtained through
sampling at a first time, by the first time the period over
which the voltage of the direct current side of the photo-
voltaic panel is greater than the preset voltage startup
threshold is greater than a second predetermined dura-
tion;
[0014] or, the current-determining unit is configured to,
in the second sampling condition, calculate the average
value of the input current of the direct current side of the
photovoltaic inverter which is obtained through sampling
at a first time, by the first time the period over which the
voltage of the direct current side of the photovoltaic panel
is greater than the preset voltage startup threshold is
greater than the second predetermined duration.
[0015] Further, the system further includes a timing-
controlling unit connected to the comparing unit,
where timing-controlling unit is configured to stop timing
of the input current of the direct current side of the pho-
tovoltaic inverter, in a case that the comparing unit de-
termines that the duration for which the input current of
the direct current side of the photovoltaic inverter is less
than or equal to the first average input current is not larger
than the first predetermined duration, and the input cur-
rent of the direct current side of the photovoltaic inverter
is greater than the first average input current.
[0016] A photovoltaic power generation system, in-
cludes a photovoltaic panel, a controller, a photovoltaic
inverter connected to both the photovoltaic panel and the
controller, and a load connected to the photovoltaic in-
verter, where:
the photovoltaic panel is configured to absorb solar en-
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ergy, convert the solar energy into direct current, and
send the direct current to the photovoltaic inverter;
the controller is configured to control the startup and shut-
down of the photovoltaic inverter; and
the photovoltaic inverter is configured to convert the di-
rect current from the photovoltaic panel into alternating
current for the use of the load through maximum power
tracking;
where the controller comprises an obtaining unit, a cur-
rent-determining unit connected to the obtaining unit, a
comparing unit connected to both the obtaining unit and
the current-determining unit, and a stop-controlling unit
connected to the comparing unit, where:
the obtaining unit is configured to obtain input current of
a direct current side of the photovoltaic inverter when a
grid-connected relay is closed, and obtain real-time input
current of the direct current side of the photovoltaic in-
verter after the grid-connected relay is closed;
the current-determining unit is configure to determine a
first average input current, wherein the first average input
current is an average value of the input current of the
direct current side of the photovoltaic inverter;
the comparing unit is configure to compare an input cur-
rent of the direct current side obtained in real time by the
current-determining unit when the photovoltaic inverter
operates normally with the first average input current,
wherein the photovoltaic inverter begins operating nor-
mally when the grid-connected relay is closed and the
PWM pulse is turned on; and
the stop-controlling unit is configure to disconnect the
grid-connected relay to stop the grid-connected opera-
tion of the photovoltaic inverter, if the comparing unit de-
termines that the input current of the direct current side
obtained in real time when the photovoltaic inverter op-
erates normally is less than or equal to the first average
input current and the duration for which the input current
of the direct current side obtained in real time after the
grid-connected relay is closed is less than or equal to the
first average input current reaches a first predetermined
duration.
[0017] Further, the controller further includes a timing-
controlling unit connected to the comparing unit,
and the timing-controlling unit is configured to, stop timing
of the input current of the direct current side of the pho-
tovoltaic inverter, in a case that the comparing unit de-
termines that the duration for which the input current of
the direct current side of the photovoltaic inverter is less
than or equal to the first average input current is not larger
than the first predetermined duration and the input cur-
rent of the direct current side of the photovoltaic inverter
is greater than the first average input current.
[0018] As may be seen from the above solution, in the
method for controlling shutdown of photovoltaic inverter,
the system thereof, and the photovoltaic power genera-
tion system, the input current of the direct current side of
the photovoltaic inverter is obtained when the grid-con-
nected relay is closed, the first average input current is
determined, and if the duration for which the input current

of the direct current side is less than or equal to the first
average input current reaches the first predetermined du-
ration, the grid-connected relay is disconnected, to stop
the grid-connected operation of the photovoltaic inverter.
In the solution, by determining whether the duration for
which the input current of the direct current side of the
photovoltaic inverter is less than or equal to the first av-
erage input current reaches the first predetermined du-
ration, it is determined whether to stop the grid-connected
operation of the photovoltaic inverter. Thus, the duration
of the grid-connected operation of the photovoltaic in-
verter reach a certain range, repeatedly disconnecting
and closing the relay are avoided. The problem of the
reduction of service life of the relay caused by repeatedly
disconnecting and closing the relay in conventional tech-
nology is solved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order to illustrate the technical solutions ac-
cording to the embodiments of the disclosure or in the
conventional technology more clearly, the drawings to
be used in the description of the embodiments or the
conventional technology are described briefly hereinaf-
ter. Apparently, the drawings in the following description
are only a part of rather than all of the embodiments of
the disclosure, and other drawings may be obtained by
those skilled in the art according to those drawings with-
out creative effort.

Figure 1 is a flowchart of a method for controlling
shutdown of a photovoltaic inverter according to an
embodiment of the disclosure;

Figure 2 is a structural diagram of a system for con-
trolling shutdown of a photovoltaic inverter according
to an embodiment of the disclosure;

Figure 3 is a structural diagram of a photovoltaic pow-
er generation system according to an embodiment
of the disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] Hereinafter, the technical solutions according
to the embodiments of the disclosure are described clear-
ly and completely in conjunction with the drawings ac-
cording to the embodiments of the disclosure. Apparent-
ly, the described embodiments are only a part of rather
than all of the embodiments of the disclosure. All the other
embodiments obtained by those skilled in the art based
on the embodiments of the disclosure without creative
effort fall within the protection scope of the disclosure.
[0021] A method for controlling shutdown of a photo-
voltaic inverter is provided in the disclosure. Figure 1 is
the flow chart of the method. The method includes steps
S 11-S 14.
[0022] In step S 11, an input current of a direct current
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side of the photovoltaic inverter is obtained when the grid-
connected relay is closed.
[0023] The step that, the input current of the direct cur-
rent side of the photovoltaic inverter is obtained when
the grid-connected relay is closed, includes two situa-
tions.
[0024] The input current of the direct current side of
the photovoltaic inverter in a first sampling condition is
obtained. The first sampling condition refers to a condi-
tion in which a voltage of the direct current side of the
photovoltaic panel is greater than a preset voltage startup
threshold, a grid-connected operation of the photovoltaic
inverter has not begun a PWM pulse is blocked, and a
grid-connected relay is closed.
[0025] Before the grid-connected relay is closed, the
photovoltaic inverter is in a standby state. The standby
state is a state in which all PWM pulses are blocked, and
the grid-connected relay is disconnected.
[0026] Or, the input current of the direct current side
of the photovoltaic inverter in a second sampling condi-
tion is obtained. The second sampling condition refers
to a condition in which a PWM pulse is blocked and the
grid-connected relay is kept in a closed state and the
photovoltaic inverter is performing the grid-connected
operation.
[0027] In step S12, a first average input current is de-
termined. The first average input current is an average
value of the input current of the direct current side of the
photovoltaic inverter.
[0028] The first average input current is determined by
calculating the average value of the input current of the
direct current side of the photovoltaic inverter which is
obtained through sampling at first times. By the first time,
the period over which the voltage of the direct current
side of the photovoltaic panel is greater than the preset
voltage startup threshold is greater than a second pre-
determined duration.
[0029] In step S13, input current of the direct current
side obtained in real time when the photovoltaic inverter
operates normally is compared with the first average in-
put current.
[0030] When the photovoltaic inverter operates nor-
mally, the input current of the direct current side is ob-
tained in real time, and the input current of the direct
current side obtained is compared with the first average
input current.
[0031] When the grid-connected relay is closed and
the PWM pulse is turned on, the photovoltaic inverter
begins operating normally.
[0032] In step S 14, if it is determined that the duration
for which the input current of the direct current side ob-
tained in real time when the photovoltaic inverter oper-
ates normally is less than or equal to the first average
input current reaches a first predetermined duration, the
grid-connected relay is disconnected, to stop the grid-
connected operation of the photovoltaic inverter.
[0033] The duration for which the input current of the
direct current side of the photovoltaic inverter is less than

or equal to the first average input current is a second
duration. In a case that the second duration is equal to
or greater than the first predetermined duration, the grid-
connected operation of the photovoltaic inverter is
stopped. At the moment, there is no energy in the pho-
tovoltaic panel or an input direct current switch is turned
off. In a case that the second duration is less than the
first predetermined duration, (i.e., the duration for which
the input current of the direct current side of the photo-
voltaic inverter is less than or equal to the first average
input current does not reach the first predetermined du-
ration, in other words, the input current of the direct cur-
rent side of the photovoltaic inverter is greater than the
first average input current), the timing of the input current
of the direct current side of the photovoltaic inverter is
stopped, and the photovoltaic inverter continues the grid-
connected operation.
[0034] According to the embodiment, the first average
input current is used as the threshold for determining
whether to shut down the photovoltaic inverter, and the
current determining threshold is recorded and updated
for every grid-connected operation. It may effectively
avoid incorrect determination caused by a zero drift of
current sampling, compared to the method of determining
whether to shut down the photovoltaic inverter based on
a fixed determining threshold.
[0035] The obtaining of the first average input current
will be described below.
[0036] Under a condition that the voltage at the direct
current side of the photovoltaic panel is greater than the
preset voltage startup threshold, the grid-connected op-
eration of the photovoltaic inverter has not begun, the
PWM pulse is blocked, and the grid-connected relay is
closed. At the moment, the input current of the direct
current side of the photovoltaic inverter is obtained, and
the average value of the input current of the direct current
side of the photovoltaic inverter which is obtained through
sampling at first times is calculated. By the first time, the
period over which the voltage of the direct current side
of the photovoltaic panel is greater than the preset volt-
age startup threshold is greater than a second predeter-
mined duration.
[0037] Or, in the process of grid-connected operation
of the photovoltaic inverter, the PWM pulse is blocked,
and the grid-connected relay is kept in the closed state.
At the moment, the input current of the direct current side
of the photovoltaic inverter is obtained, and the average
value of the input current of the direct current side of the
photovoltaic inverter which is obtained through sampling
at first times is calculated. By the first time, the period
over which the voltage of the direct current side of the
photovoltaic panel is greater than the preset voltage star-
tup threshold is greater than a second predetermined
duration.
[0038] The solution disclosed in the embodiment may
be applied to a one channel MPPT system of a single-
stage photovoltaic inverter, a one channel MPPT system
of a two-stage photovoltaic inverter, a two channel MPPT
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system of a two-stage photovoltaic inverter, a three chan-
nel MPPT system of a two-stage photovoltaic inverter,
or a four channel MPPT system of a two-stage photo-
voltaic inverter. Not all the applications are described in
detail herein.
[0039] In the method for controlling shutdown of pho-
tovoltaic inverters according to the embodiment of the
disclosure, the input current of the direct current side of
the photovoltaic inverter is obtained when the grid-con-
nected relay is closed, the first average input current is
determined, and if the duration for which the input current
of the direct current side is less than or equal to the first
average input current reaches the first predetermined du-
ration, the grid-connected relay is disconnected, to stop
the grid-connected operation of the photovoltaic inverter.
In the solution, by determining whether the duration for
which the input current of the direct current side of the
photovoltaic inverter is less than or equal to the first av-
erage input current reaches the first predetermined du-
ration, it is determined whether to stop the grid-connected
operation of the photovoltaic inverter. Thus, the duration
of the grid-connected operation of the photovoltaic in-
verter reach a certain time range, repeatedly disconnect-
ing and closing the relay are avoided. The problem of the
reduction of service life of the relay caused by repeatedly
disconnecting and closing the relay in conventional tech-
nology is solved.
[0040] A system for controlling shutdown of a photo-
voltaic inverter is provided according to another embod-
iment. Figure 2 is the structural diagram of the system.
[0041] The system includes an obtaining unit 21, a cur-
rent-determining unit 22 connected to the obtaining unit,
a comparing unit 23 connected to the obtaining unit 21
and the current-determining unit 22 respectively, and a
stop-controlling unit 24 connected to the comparing unit
23.
[0042] The obtaining unit 21 is configured to obtain in-
put current of a direct current side of the photovoltaic
inverter when a grid-connected relay is closed, and ob-
tain real-time input current of the direct current side of
the photovoltaic inverter after the grid-connected relay
has been closed.
[0043] The case that, the obtaining unit 21 obtains the
input current of the direct current side of the photovoltaic
inverter when the grid-connected relay is closed, includes
two situations.
[0044] The obtaining unit 21 obtains input current of
the direct current side of the photovoltaic inverter in a
first sampling condition, where the first sampling condi-
tion is a condition in which a voltage at the direct current
side of the photovoltaic panel is greater than a preset
voltage startup threshold, a grid-connected operation of
the photovoltaic inverter has not begun, a PWM pulse is
blocked, and a grid-connected relay is closed.
[0045] Before the grid-connected relay is closed, the
photovoltaic inverter is in a standby state. The standby
state is a state in which all PWM pulses are blocked, and
the grid-connected relay is disconnected.

[0046] Or, the obtaining unit 21 obtains the input cur-
rent at the direct current side of the photovoltaic inverter
in a second sampling condition, where the second sam-
pling condition is a condition in which a PWM pulse is
blocked, a grid-connected relay is kept in a closed state
and the photovoltaic inverter is performing the grid-con-
nected operation.
[0047] The current-determining unit 22 is configure to
determine a first average input current, where the first
average input current is the average value of the input
current at the direct current side of the photovoltaic in-
verter.
[0048] The current-determining unit 22 determines the
first average input current as follows. The current-deter-
mining unit calculates, when a first sampling condition is
met, the average value of the input current at the direct
current side of the photovoltaic inverter which is obtained
through sampling at first times. By the first time the period
over which the voltage at the direct current side of the
photovoltaic panel is greater than the preset voltage star-
tup threshold is greater than a second predetermined
duration.
[0049] Or, the current-determining unit is configure to
calculate, when a second sampling condition is met, the
average value of the input current at the direct current
side of the photovoltaic inverter which is obtained through
sampling at first times. By the first time the period over
which the voltage at the direct current side of the photo-
voltaic panel is greater than the preset voltage startup
threshold is greater than a second predetermined dura-
tion.
[0050] The comparing unit 23 is configure to compare
the input current at the direct current side obtained in real
time by the current-determining unit 22 when the photo-
voltaic inverter operates normally with the first average
input current.
[0051] The stop-controlling unit 24 is configure to, if
the comparing unit 23 determines that the input current
at the direct current side obtained in real time when the
photovoltaic inverter operates normally is less than or
equal to the first average input current, and the duration
for which the input current at the direct current side ob-
tained in real time when the photovoltaic inverter oper-
ates normally is less than or equal to the first average
input current reaches the first predetermined duration,
disconnect the grid-connected relay, to stop a grid-con-
nected operation of the photovoltaic inverter.
[0052] The duration for which the input current at the
direct current side of the photovoltaic inverter is less than
or equal to the first average input current is a second
duration. In a case that the second duration is equal to
or greater than the first predetermined duration, the grid-
connected operation of the photovoltaic inverter is
stopped. At the moment, there is no energy in the pho-
tovoltaic panel or an input direct current switch is turned
off.
[0053] The system for controlling shutdown of photo-
voltaic inverter according to the embodiment may further

9 10 



EP 2 991 209 A1

7

5

10

15

20

25

30

35

40

45

50

55

include a timing-controlling unit 25 connected to the com-
paring unit 23.
[0054] In a case that the second duration is less than
the first predetermined duration, (i.e., the duration for
which the input current at the direct current side of the
photovoltaic inverter is less than or equal to the first av-
erage input current does not reach the first predeter-
mined duration, in other words, the input current at the
direct current side of the photovoltaic inverter is greater
than the first average input current), the timing-controlling
unit 25 stops the timing of the input current at the direct
current side of the photovoltaic inverter, and the photo-
voltaic inverter continues the grid-connected operation.
[0055] According to the embodiment, the first average
input current is used as the threshold for determining
whether to shut down the photovoltaic inverter, and the
current determining threshold is recorded and updated
for every grid-connected operation. It may effectively
avoid incorrect determination caused by a zero drift of
current sampling compared to the method of determining
whether to shut down the photovoltaic inverter based on
a fixed determining threshold.
[0056] The first average input current is obtained as
follows.
[0057] Under a condition that the voltage at the direct
current side of the photovoltaic panel is greater than the
preset voltage startup threshold, the grid-connected op-
eration of the photovoltaic inverter has not begun, the
PWM pulse is blocked, and the grid-connected relay is
closed. At the moment, the input current at the direct
current side of the photovoltaic inverter is obtained, and
the average value of the input current at the direct current
side of the photovoltaic inverter which is obtained through
sampling at first times is calculated. By the first time, the
period over which the voltage at the direct current side
of the photovoltaic panel is greater than the preset volt-
age startup threshold is greater than a second predeter-
mined duration.
[0058] Or, in the process of grid-connected operation
of the photovoltaic inverter, the PWM pulse is blocked,
and the grid-connected relay is kept in the closed state.
At the moment, the input current at the direct current side
of the photovoltaic inverter is obtained, and the average
value of the input current at the direct current side of the
photovoltaic inverter which is obtained through sampling
at first times is calculated. By the first time, the period
over which the voltage at the direct current side of the
photovoltaic panel is greater than the preset voltage star-
tup threshold is greater than a second predetermined
duration.
[0059] In the system for controlling shutdown of pho-
tovoltaic inverter according to the embodiment of the dis-
closure, the input current at the direct current side of the
photovoltaic inverter is obtained when the grid-connect-
ed relay is closed, the first average input current is de-
termined, and if the duration for which the input current
at the direct current side is less than or equal to the first
average input current reaches the first predetermined du-

ration, the grid-connected relay is disconnected, to stop
the grid-connected operation of the photovoltaic inverter.
In the solution, by determining whether the duration for
which the input current at the direct current side of the
photovoltaic inverter is less than or equal to the first av-
erage input current reaches the first predetermined du-
ration, it is determined whether to stop the grid-connected
operation of the photovoltaic inverter. Thus the duration
of the grid-connected operation of the photovoltaic in-
verter reach a certain time range, repeatedly disconnect-
ing and closing the relay are avoided. The problem of the
reduction of service life of the relay caused by repeatedly
disconnecting and closing the relay in conventional tech-
nology is solved.
[0060] A photovoltaic power generation system is pro-
vided according to still another embodiment. Figure 3 is
the structural diagram of the system.
[0061] The system includes a photovoltaic panel 31, a
controller 32, a photovoltaic inverter 33 connected to the
photovoltaic panel 31 and the controller 32 respectively,
and a load 34 connected to the photovoltaic inverter 33.
[0062] The photovoltaic panel 31 is configured to ab-
sorb solar energy, convert the solar energy into direct
current, and send the direct current to the photovoltaic
inverter 33.
[0063] The controller is configured to control the star-
tup and shutdown of the photovoltaic inverter 33.
[0064] The photovoltaic inverter 33 is configured to
convert the direct current from the photovoltaic panel 31
into alternating current for the use of the load through
maximum power tracking.
[0065] The load 34 may be an active load, or may be
a passive load.
[0066] The controller includes an obtaining unit, a cur-
rent-determining unit connected to the obtaining unit, a
comparing unit connected to the obtaining unit and the
current-determining unit respectively, and a stop-control-
ling unit connected to the comparing unit. Its structural
is the same as that shown in Figure 2.
[0067] The obtaining unit is configured to obtain input
current of a direct current side of the photovoltaic inverter
when a grid-connected relay is closed, and obtain real-
time input current of the direct current side of the photo-
voltaic inverter after the grid-connected relay has been
closed.
[0068] The case that, the obtaining unit obtains the in-
put current of the direct current side of the photovoltaic
inverter when the grid-connected relay is closed, includes
two situations.
[0069] The obtaining unit obtains input current of the
direct current side of the photovoltaic inverter in a first
sampling condition, where the first sampling condition is
a condition in which a voltage at the direct current side
of the photovoltaic panel is greater than a preset voltage
startup threshold, a grid-connected operation of the pho-
tovoltaic inverter has not begun, a PWM pulse is blocked,
and a grid-connected relay is closed.
[0070] Before the grid-connected relay is closed, the
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photovoltaic inverter is in a standby state. The standby
state is a state in which that all PWM pulses are blocked,
and the grid-connected relay is disconnected.
[0071] Or, the obtaining unit obtains the input current
at the direct current side of the photovoltaic inverter in a
second sampling condition, where the second sampling
condition is a condition in which a PWM pulse is blocked,
a grid-connected relay is kept in a closed state and the
photovoltaic inverter is performing the grid-connected
operation.
[0072] The current-determining unit is configure to de-
termine a first average input current, where the average
value of the input current at the direct current side of the
photovoltaic inverter.
[0073] The current-determining unit determines the
first average input current as follows. The current-deter-
mining unit calculates, when a first sampling condition is
met, the average value of the input current at the direct
current side of the photovoltaic inverter which is obtained
through sampling at first times, By the first time the period
over which the voltage at the direct current side of the
photovoltaic panel is greater than the preset voltage star-
tup threshold is greater than a second predetermined
duration.
[0074] Or, the current-determining unit is configure to
calculate, when a second sampling condition is met, the
average value of the input current at the direct current
side of the photovoltaic inverter which is obtained through
sampling at first times. By the first time the period over
which the voltage at the direct current side of the photo-
voltaic panel is greater than the preset voltage startup
threshold is greater than a second predetermined dura-
tion.
[0075] The comparing unit is configure to compare the
input current at the direct current side obtained in real
time by the current-determining unit when the photovolta-
ic inverter operates normally with the first average input
current.
[0076] The stop-controlling unit is configure to, if the
comparing unit determines that the input current at the
direct current side obtained in real time when the photo-
voltaic inverter operates normally is less than or equal to
the first average input current, and the duration for which
the input current at the direct current side obtained in real
time when the photovoltaic inverter operates normally is
less than or equal to the first average input current reach-
es the first predetermined duration, disconnect the grid-
connected relay, to stop a grid-connected operation of
the photovoltaic inverter.
[0077] The duration for which the input current at the
direct current side of the photovoltaic inverter is less than
or equal to the first average input current is a second
duration. In a case that the second duration is equal to
or greater than the first predetermined duration, the grid-
connected operation of the photovoltaic inverter is
stopped. At the moment, there is no energy in the pho-
tovoltaic panel or an input direct current switch is turned
off.

[0078] The system for controlling shutdown of photo-
voltaic inverter according to the embodiment may further
include a timing-controlling unit connected to the com-
paring unit.
[0079] In a case that the second duration is less than
the first predetermined duration, (i.e., the duration for
which the input current at the direct current side of the
photovoltaic inverter is less than or equal to the first av-
erage input current does not reach the first predeter-
mined duration, in other words, the input current at the
direct current side of the photovoltaic inverter is greater
than the first average input current), the timing-controlling
unit stops the timing of the input current at the direct cur-
rent side of the photovoltaic inverter, and the photovoltaic
inverter continues the grid-connected operation.
[0080] According to the embodiment, the first average
input current is used as the threshold for determining
whether to shut down the photovoltaic inverter, and the
current determining threshold is recorded and updated
for every grid-connected operation. It may effectively
avoid incorrect determination caused by a zero drift of
current sampling compared to the method of determining
whether to shut down the photovoltaic inverter based on
a fixed determining threshold.
[0081] The first average input current is obtained as
follows.
[0082] Under a condition that the voltage at the direct
current side of the photovoltaic panel is greater than the
preset voltage startup threshold, the grid-connected op-
eration of the photovoltaic inverter has not begun, the
PWM pulse is blocked, and the grid-connected relay is
closed. At the moment, the input current at the direct
current side of the photovoltaic inverter is obtained, and
the average value of the input current at the direct current
side of the photovoltaic inverter which is obtained through
sampling at first times is calculated. By the first time, the
period over which the voltage at the direct current side
of the photovoltaic panel is greater than the preset volt-
age startup threshold is greater than a second predeter-
mined duration.
[0083] Or, in the process of grid-connected operation
of the photovoltaic inverter, the PWM pulse is blocked,
and the grid-connected relay is kept in the closed state.
At the moment, the input current at the direct current side
of the photovoltaic inverter is obtained, and the average
value of the input current at the direct current side of the
photovoltaic inverter which is obtained through sampling
at first times is calculated. By the first time, the period
over which the voltage at the direct current side of the
photovoltaic panel is greater than the preset voltage star-
tup threshold is greater than a second predetermined
duration.
[0084] The photovoltaic power generation system ac-
cording to the embodiment of the disclosure includes the
controller, and the controller obtains the input current at
the direct current side of the photovoltaic inverter when
the grid-connected relay is closed, and determines the
first average input current. If the duration for which the
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input current at the direct current side is less than or equal
to the first average input current reaches the first prede-
termined duration, the grid-connected relay is discon-
nected, to stop the grid-connected operation of the pho-
tovoltaic inverter. In the solution, by determining whether
the duration for which the input current at the direct cur-
rent side of the photovoltaic inverter is less than or equal
to the first average input current reaches the first prede-
termined duration, it is determined whether to stop the
grid-connected operation of the photovoltaic inverter.
Thus the duration of the grid-connected operation of the
photovoltaic inverter reach a certain time range, repeat-
edly disconnecting and closing the relay are avoided. The
problem of the reduction of service life of the relay caused
by repeatedly disconnecting and closing the relay in con-
ventional technology is solved.
[0085] The embodiments of the disclosure are de-
scribed in a progressive manner, each embodiment fo-
cuses on a difference from other embodiments, and for
a same or similar part, the embodiments may refer to
each other. For the apparatus according to the embodi-
ments, it corresponds to the method according to the
embodiments, thus description is brief, and for relevance,
the method part may be referred to.
[0086] Those skilled in the art may further realize that,
the units and algorithm steps in the examples according
to the embodiments of the disclosure, may be implement-
ed through electronic hardware, computer software or
combination of the electronic hardware and computer
software. To illustrate interchangeability of the hardware
and software clearly, constitution and steps of the exam-
ples are generally described based on the function in the
above description. Whether these functions are executed
through hardware or software exactly, depends on a spe-
cific application and a design constraint of the technical
solution. Those skilled in the art may use different meth-
ods to implement the described function for each specific
application, and the implementation should not be con-
sidered to exceed the scope of the disclosure.
[0087] The units and algorithm steps in the examples
according to the embodiments of the disclosure, may be
implemented through hardware, software module exe-
cuted by a processor, or combination of the hardware
and the software module executed by the processor. The
software module may be placed in random access mem-
ory (RAM), memory, read-only memory, electrically pro-
grammable ROM, electrically erasable programmable
read-only memory, register, hard disk, removable disk,
CD-ROM, or any other forms of storage medium known
in the technology field.
[0088] The above description of the embodiments of
the disclosure is to enable those skilled in the art to im-
plement or use the invention. Various modifications made
to the embodiments are apparent to those skilled in the
art, and the general principles defined in the disclosure
may be implemented in other embodiments without de-
parting from the spirit and scope of the invention. Hence,
the invention is not limited to the embodiments described

in the disclosure, but conforms to a widest scope con-
sistent with the principles and novel features in the dis-
closure.

Claims

1. A method for controlling shutdown of a photovoltaic
inverter, comprising:

obtaining an input current of a direct current side
of the photovoltaic inverter when a grid-connect-
ed relay is closed;
determining a first average input current, where
the first average input current is an average val-
ue of the input current of the direct current side
of the photovoltaic inverter;
comparing an input current of the direct current
side obtained in real time when the photovoltaic
inverter operates normally with the first average
input current, wherein the photovoltaic inverter
begins operating normally when the grid-con-
nected relay is closed and the PWM pulse is
turned on; and
disconnecting the grid-connected relay to stop
the grid-connected operation of the photovoltaic
inverter, if it is determined that the duration for
which the input current of the direct current side
obtained in real time when the photovoltaic in-
verter operates normally is less than or equal to
the first average input current reaches a first pre-
determined duration.

2. The method according to claim 1, wherein obtaining
the input current of the direct current side of the pho-
tovoltaic inverter when the grid-connected relay is
closed comprises:

obtaining the input current of the direct current
side of the photovoltaic inverter in a first sam-
pling condition, wherein the first sampling con-
dition is a condition in which a voltage of the
direct current side of the photovoltaic panel is
greater than a preset voltage startup threshold,
the grid-connected operation of the photovoltaic
inverter has not begun, the PWM pulse is
blocked, and the grid-connected relay is closed;
or, obtaining the input current of the direct cur-
rent side of the photovoltaic inverter in a second
sampling condition, where the second sampling
condition is a condition in which the PWM pulse
is blocked, the grid-connected relay is in a
closed state and the photovoltaic inverter is per-
forming the grid-connected operation.

3. The method according to claim 2, wherein determin-
ing the first average input current comprises:
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in the first sampling condition, acquiring the input
current of the direct current side of the photo-
voltaic inverter, and calculating the average val-
ue of the input current of the direct current side
of the photovoltaic inverter which is obtained
through sampling at a first time, by the first time
the period over which the voltage of the direct
current side of the photovoltaic panel is greater
than the preset voltage startup threshold is
greater than a second predetermined duration;
or, in the second sampling condition, acquiring
the input current of the direct current side of the
photovoltaic inverter, and calculating the aver-
age value of the input current of the direct current
side of the photovoltaic inverter which is ob-
tained through sampling at a first time, by the
first time the period over which the voltage of
the direct current side of the photovoltaic panel
is greater than the preset voltage startup thresh-
old is greater than the second predetermined
duration.

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

stopping timing of the input current of the direct
current side of the photovoltaic inverter, in a
case that the duration for which the input current
of the direct current side of the photovoltaic in-
verter is less than or equal to the first average
input current is not larger than the first predeter-
mined duration and it is determined that the input
current of the direct current side of the photo-
voltaic inverter is greater than the first average
input current.

5. A system for controlling shutdown of a photovoltaic
inverter, comprising: an obtaining unit, a current-de-
termining unit connected to the obtaining unit, a com-
paring unit connected to both the obtaining unit and
the current-determining unit, and a stop-controlling
unit connected to the comparing unit, wherein
the obtaining unit is configured to obtain input current
of a direct current side of the photovoltaic inverter
when a grid-connected relay is closed, and obtain
real-time input current of the direct current side of
the photovoltaic inverter after the grid-connected re-
lay is closed;
the current-determining unit is configure to deter-
mine a first average input current, wherein the first
average input current is an average value of the input
current of the direct current side of the photovoltaic
inverter;
the comparing unit is configure to compare an input
current of the direct current side obtained in real time
by the current-determining unit when the photovolta-
ic inverter operates normally with the first average
input current, wherein the photovoltaic inverter be-
gins operating normally when the grid-connected re-

lay is closed, and the PWM pulse is turned on; and
the stop-controlling unit is configure to, disconnect
the grid-connected relay to stop the grid-connected
operation of the photovoltaic inverter, if the compar-
ing unit determines that the input current of the direct
current side obtained in real time when the photo-
voltaic inverter operates normally is less than or
equal to the first average input current, and the du-
ration for which the input current of the direct current
side obtained in real time after the grid-connected
relay is closed is less than or equal to the first average
input current reaches a first predetermined duration.

6. The system according to claim 5, wherein the ob-
taining unit is configured to obtain the input current
of the direct current side of the photovoltaic inverter
in a first sampling condition, wherein the first sam-
pling condition is a condition in which a voltage of
the direct current side of the photovoltaic panel is
greater than a preset voltage startup threshold, the
grid-connected operation of the photovoltaic inverter
has not begun, the PWM pulse is blocked, and the
grid-connected relay is closed;
or, obtaining the input current of the direct current
side of the photovoltaic inverter in a second sampling
condition, where the second sampling condition is a
condition in which the PWM pulse is blocked, the
grid-connected relay is in a closed state and the pho-
tovoltaic inverter is performing the grid-connected
operation.

7. The system according to claim 6, wherein the cur-
rent-determining unit is configured to, in the first sam-
pling condition, calculate the average value of the
input current of the direct current side of the photo-
voltaic inverter which is obtained through sampling
at a first time, by the first time the period over which
the voltage of the direct current side of the photo-
voltaic panel is greater than the preset voltage star-
tup threshold is greater than a second predetermined
duration;
or, the current-determining unit is configured to, in
the second sampling condition, calculate the aver-
age value of the input current of the direct current
side of the photovoltaic inverter which is obtained
through sampling at a first time, by the first time the
period over which the voltage of the direct current
side of the photovoltaic panel is greater than the pre-
set voltage startup threshold is greater than the sec-
ond predetermined duration.

8. The system according to claim 5, further comprising
a timing-controlling unit connected to the comparing
unit,
wherein the timing-controlling unit is configured to
stop timing of the input current of the direct current
side of the photovoltaic inverter, in a case that the
comparing unit determines that the duration for
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which the input current of the direct current side of
the photovoltaic inverter is less than or equal to the
first average input current is not larger than the first
predetermined duration, and the input current of the
direct current side of the photovoltaic inverter is
greater than the first average input current.

9. A photovoltaic power generation system, comprising
a photovoltaic panel, a controller, a photovoltaic in-
verter connected to both the photovoltaic panel and
the controller, and a load connected to the photo-
voltaic inverter, wherein:

the photovoltaic panel is configured to absorb
solar energy, convert the solar energy into direct
current, and send the direct current to the pho-
tovoltaic inverter;
the controller is configured to control startup and
shutdown of the photovoltaic inverter; and
the photovoltaic inverter is configured to convert
the direct current from the photovoltaic panel in-
to alternating current for the use of the load
through maximum power tracking;
wherein the controller comprises an obtaining
unit, a current-determining unit connected to the
obtaining unit, a comparing unit connected to
both the obtaining unit and the current-determin-
ing unit, and a stop-controlling unit connected
to the comparing unit, wherein:

the obtaining unit is configured to obtain in-
put current of a direct current side of the
photovoltaic inverter when a grid-connect-
ed relay is closed, and obtain real-time input
current of the direct current side of the pho-
tovoltaic inverter after the grid-connected
relay is closed;
the current-determining unit is configure to
determine a first average input current,
wherein the first average input current is an
average value of the input current of the di-
rect current side of the photovoltaic inverter;
the comparing unit is configure to compare
an input current of the direct current side
obtained in real time by the current-deter-
mining unit when the photovoltaic inverter
operates normally with the first average in-
put current, wherein the photovoltaic invert-
er begins operating normally when the grid-
connected relay is closed and the PWM
pulse is turned on; and
the stop-controlling unit is configure to dis-
connect the grid-connected relay to stop the
grid-connected operation of the photovolta-
ic inverter, if the comparing unit determines
that the input current of the direct current
side obtained in real time when the photo-
voltaic inverter operates normally is less

than or equal to the first average input cur-
rent and the duration for which the input cur-
rent of the direct current side obtained in
real time after the grid-connected relay is
closed is less than or equal to the first av-
erage input current reaches a first predeter-
mined duration.

10. The photovoltaic power generation system accord-
ing to claim 9, wherein the controller further compris-
es a timing-controlling unit connected to the compar-
ing unit, and
wherein the timing-controlling unit is configured to
stop timing of the input current of the direct current
side of the photovoltaic inverter, in a case that the
comparing unit determines that the duration for
which the input current of the direct current side of
the photovoltaic inverter is less than or equal to the
first average input current is not larger than the first
predetermined duration and the input current of the
direct current side of the photovoltaic inverter is
greater than the first average input current.
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