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(54) SWITCH RECTIFIER STARTUP CONTROL METHOD, AND DEVICE AND STORAGE MEDIUM 
THEREOF

(57) The present disclosure provides a method for
controlling soft start of a switching rectifier, which com-
prises: acquiring an external environmental parameter
of the switching rectifier and a power supply character-
istic parameter of an object to be powered, establishing
a voltage start strategy and/or a current start strategy for
the switching rectifier according to the external environ-
mental parameter and the power supply characteristic
parameter, and controlling a voltage and/or a current of

the switching rectifier to start to a full-load voltage and/or
a full-load current according to the voltage start strategy
and/or the current start strategy. The present disclosure
further provides a device for controlling soft start of a
switching rectifier. The technical scheme of the present
disclosure is able to provide a suitable voltage and/or
current start approach for a switching rectifier according
to power supply requirements of an object to be powered
and operating environment of the switching rectifier.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to technology of
power supply control, in particular to a method and device
for controlling start of a switching rectifier as well as a
storage medium.

BACKGROUND

[0002] A communication power supply is an equipment
for supplying energy for a communication equipment
such as communication base station or communication
machine room. A switching rectifier is the core constituent
component of the communication power supply. For the
sake of requirement of high reliability in the field of com-
munication, it is required that a communication power
supply is able to supply energy for a communication
equipment under various conditions. This requires that
the switching rectifier can start with load under various
conditions. For example, the switching rectifier is re-
quired to start with full load in an environment of -40 de-
grees centigrade, or start with full load when the commu-
nication equipment is powered by a fuel generator, and
the like. In addition, industry standards limit amplitude of
output voltage overshoot and soft-start time in switching
on/off. Since environment conditions in which a commu-
nication equipment is applied are different, it is necessary
to establish a reasonable soft-start strategy, such that
the switching rectifier may start successfully under any
condition.
[0003] Unfortunately, there is an absence of a switch-
ing rectifier suitable for various application environments
at present.

SUMMARY

[0004] In order to address above technical problem,
embodiments of the present disclosure provide a method
and device for controlling start of a switching rectifier as
well as a storage medium, such that the switching rectifier
can start with load according to requirements on voltage
and/or current from its power supply device and external
environmental factors.
[0005] The technical scheme of the present disclosure
is implemented as follows.
[0006] A method for controlling soft start of a switching
rectifier, which includes:

an external environmental parameter of a switching
rectifier and a power supply characteristic parameter
of an object to be powered are acquired, a voltage
start strategy and/or a current start strategy are es-
tablished for the switching rectifier according to the
external environmental parameter and the power
supply characteristic parameter, and a voltage
and/or a current of the switching rectifier are control-

led to start to a full-load voltage and/or a full-load
current according to the voltage start strategy and/or
the current start strategy.

[0007] In an embodiment, the voltage start strategy
may include:

a duration for boosting the voltage of the switching
rectifier to the full-load voltage is determined accord-
ing to the external environmental parameter and the
power supply characteristic parameter, and the volt-
age of the switching rectifier is boosted from an initial
voltage to the full-load voltage of the switching rec-
tifier within the duration; or

at least one intermediate voltage is determined be-
tween the initial voltage and the full-load voltage of
the switching rectifier according to the external en-
vironmental parameter and the power supply char-
acteristic parameter, voltage boost sections are ob-
tained using the initial voltage and the full-load volt-
age as endpoints and using the at least one inter-
mediate voltage as sectioning point(s), a voltage
boost duration of each of the voltage boost sections
is determined, and the voltage of the switching rec-
tifier is boosted in sequence according to determined
voltage boost durations.

[0008] In an embodiment, the current start strategy
may include:

a duration for boosting the current of the switching
rectifier to the full-load current is determined accord-
ing to the external environmental parameter and the
power supply characteristic parameter, and the cur-
rent of the switching rectifier is boosted from an initial
current to the full-load current within the duration; or

at least one intermediate current is determined be-
tween the initial current and the full-load current of
the switching rectifier according to the external en-
vironmental parameter and the power supply char-
acteristic parameter, current boost sections are ob-
tained using the initial current and the full-load cur-
rent as endpoints and using the at least one inter-
mediate current as sectioning point(s), a current
boost duration of each of the current boost sections
is determined, and the current of the switching rec-
tifier is boosted in sequence according to determined
current boost durations.

[0009] In an embodiment, the power supply character-
istic parameter may be acquired by a sampling operation
performed on a power supply circuit of the switching rec-
tifier or based on power supply requirements of the object
to be powered.
[0010] In an embodiment, the external environmental
parameter of the switching rectifier may include at least
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one of the following parameters:

temperature, humidity, granularity of dust, electric
field intensity and magnetic field intensity;

the power supply characteristic parameter may in-
clude at least one of the following parameters:

input voltage, input current, maximal input pow-
er, etc.

[0011] A device for controlling start of a switching rec-
tifier, which includes an acquisition unit, a strategy es-
tablishment unit and a control unit, in which
the acquisition unit is configured to acquire an external
environmental parameter of a switching rectifier and a
power supply characteristic parameter of an object to be
powered,
the strategy establishment unit is configured to establish
a voltage start strategy and/or a current start strategy
according to the external environmental parameter and
the power supply characteristic parameter,
the control unit is configured to control the a voltage
and/or a current of the switching rectifier to start to a full-
load voltage and/or a full-load current according to the
voltage start strategy and/or the current start strategy.
[0012] In an embodiment, the strategy establishment
unit may be further configured to:

determine a duration for boosting the voltage of the
switching rectifier to the full-load voltage according
to the external environmental parameter and the
power supply characteristic parameter, and boost
the voltage of the switching rectifier from an initial
voltage to the full-load voltage of the switching rec-
tifier within the duration; or

determine at least one intermediate voltage between
the initial voltage and the full-load voltage of the
switching rectifier according to the external environ-
mental parameter and the power supply character-
istic parameter, obtain voltage boost sections using
the initial voltage and the full-load voltage as end-
points and using the at least one intermediate volt-
age as sectioning point(s), determine a voltage boost
duration of each of the voltage boost sections, and
boost the voltage of the switching rectifier in se-
quence according to determined voltage boost du-
rations.

[0013] In an embodiment, the strategy establishment
unit may be further configured to:

determine a duration for boosting the current of the
switching rectifier to the full-load current according
to the external environmental parameter and the
power supply characteristic parameter, and boost
the current of the switching rectifier from an initial

current to the full-load current within the duration; or

determine at least one intermediate current between
the initial current and the full-load current of the
switching rectifier according to the external environ-
mental parameter and the power supply character-
istic parameter, obtain current boost sections using
the initial current and the full-load current as end-
points and using the at least one intermediate current
as sectioning point(s), determine a current boost du-
ration of each of the current boost sections, and
boost the current of the switching rectifier in se-
quence according to determined current boost du-
rations.

[0014] In an embodiment, the acquisition unit may be
further configured to acquire the power supply charac-
teristic parameter by performing a sampling operation on
a power supply circuit of the switching rectifier or based
on power supply requirements of the object to be pow-
ered.
[0015] In an embodiment, the external environmental
parameter of the switching rectifier may include at least
one of the following parameters:

temperature, humidity, granularity of dust, electric
field intensity and magnetic field intensity;

the power supply characteristic parameter may in-
clude at least one of the following parameters:

input voltage, input current, maximal input pow-
er, etc.

[0016] A storage medium stores a computer program
which is configured to implement the method for control-
ling soft start of a switching rectifier as described above.
[0017] In the embodiments of the present disclosure,
when a switching rectifier starts, an external environmen-
tal parameter and a power supply characteristic param-
eter of its corresponding object to be powered are ac-
quired, a voltage start strategy and/or a current start strat-
egy are established for the switching rectifier according
to the external environmental parameter and the power
supply characteristic parameter, and a soft start of the
switching rectifier is controlled according to the voltage
start strategy and/or the current start strategy until a full-
load voltage and/or a full-load current are supplied to a
load. The technical scheme of the present disclosure pro-
vides a possibility of a provision of an adequate voltage
and/or current start for an object to be powered according
to requirements of the object to be powered and its op-
erating environment, such that the switching rectifier may
start with load according to the requirements on voltage
and/or current from its power supply device and external
environmental factors.

3 4 
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a schematic view of component structure of
a device for controlling start of a power supply ac-
cording to an embodiment of the present disclosure;

Fig. 2 is a structural diagram of a specific implemen-
tation of the device for controlling start of a power
supply according to an embodiment of the present
disclosure;

Fig. 3 is a flow chart of a method for controlling start
of a power supply according to an embodiment of
the present disclosure;

Fig. 4 is a schematic view of a voltage start according
to a first embodiment of the present disclosure;

Fig. 5 is a schematic view of a current start according
to the first embodiment of the present disclosure;

Fig. 6 is a schematic view of a current start according
to a second embodiment of the present disclosure;

Fig. 7 is a schematic view of a current start according
to a third embodiment of the present disclosure.

DETAILED DESCRIPTION

[0019] The object, technical scheme and advantage of
the present disclosure will be more apparent upon a fur-
ther detailed description of the present disclosure made
according to embodiments with reference to accompa-
nying drawings.
[0020] A soft-start strategy of a switching rectifier ac-
cording to embodiments of the present disclosure allows
a DC-DC part of the switching rectifier to start with full
load under various operating conditions. The method of
soft start takes use of a DSP to implement digital control,
and the topological structure of the DC-DC part is that of
an LLC resonant converter. The start strategy includes
a voltage soft-start strategy and a current soft-start strat-
egy. In the case of a voltage soft start, a voltage loop
reference value is continuously varied according to the
operating environment of the switching rectifier until the
voltage loop reference value reaches a voltage value set
by a monitoring unit. In the case of a current soft start, a
current loop reference value is continuously varied ac-
cording to the operating environment of the switching rec-
tifier until the current loop reference value reaches a cur-
rent-limiting point set by the monitoring unit. After both
of the voltage soft start and the current soft start com-
plete, the soft start of the entire switching rectifier will end.
[0021] In an embodiment of the present disclosure, the
loop structure of the DC-DC part of the switching rectifier
includes at least a voltage loop and a current loop in

parallel. The soft start of the switching rectifier includes
voltage soft start and current soft start which belong to
closed-loop soft start.
[0022] In an embodiment of the present disclosure, the
topological structure of the DC-DC converter is not limited
to an LLC resonant converter. Other topological struc-
tures such as phase shift full-bridge and half-bridge may
be applicable to the embodiment of the present disclo-
sure.
[0023] Fig. 1 is a schematic view of component struc-
ture of the device for controlling start of a switching rec-
tifier according to the embodiments of the present dis-
closure. As shown in Fig. 1, the device for controlling
start of a switching rectifier according to the embodiments
of the present disclosure includes an acquisition unit 10,
a strategy establishment unit 11 and a control unit 12, in
which
the acquisition unit 10 is configured to acquire an external
environmental parameter of the switching rectifier and a
power supply characteristic parameter of an object to be
powered;
the strategy establishment unit 11 is configured to estab-
lish a voltage start strategy and/or a current start strategy
according to the external environmental parameter and
the power supply characteristic parameter;
the control unit 12 is configured to control the a voltage
and/or a current of the switching rectifier to start to a full-
load voltage and/or a full-load current according to the
voltage start strategy and/or the current start strategy.
[0024] Said strategy establishment unit 11 is further
configured to:

determine a duration for boosting the voltage of the
switching rectifier to the full-load voltage according
to the external environmental parameter and the
power supply characteristic parameter, and boost
the voltage of the switching rectifier from an initial
voltage to the full-load voltage of the power supply
within the duration; as required, the voltage may be
boosted in a set curve (at a non-uniform speed) such
as exponentially or in a set straight line (at a uniform
speed); or

determine at least one intermediate voltage between
the initial voltage and the full-load voltage of the
switching rectifier according to the external environ-
mental parameter and the power supply character-
istic parameter, obtain voltage boost sections using
the initial voltage and the full-load voltage as end-
points and using the at least one intermediate volt-
age as sectioning point(s), determine a voltage boost
duration of each of the voltage boost sections, and
boost the voltage of the switching rectifier in se-
quence according to determined voltage boost du-
rations. It should be noted that the intermediate volt-
age is not necessary to be set, instead, it is set mainly
according to the requirements of power supply, and
one or more intermediate voltages may be set.
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[0025] Said strategy establishment unit 11 is further
configured to:

determine a duration for boosting the current of the
switching rectifier to the full-load current according
to the external environmental parameter and the
power supply characteristic parameter, and boost
the current of the switching rectifier from an initial
current to the full-load current within the duration,
the current may be boosted in a set curve (at a non-
uniform speed) such as exponentially or in a set
straight line (at a uniform speed); or

determine at least one intermediate current between
the initial current and the full-load current of the
switching rectifier according to the external environ-
mental parameter and the power supply character-
istic parameter, obtain current boost sections using
the initial current and the full-load current as end-
points and using the at least one intermediate current
as sectioning point(s), determine a current boost du-
ration of each of the current boost sections, and
boost the current of the switching rectifier in se-
quence according to determined current boost du-
rations. The intermediate current is not necessary to
be set, instead, it is set mainly according to the re-
quirements of power supply, and one or more inter-
mediate currents may be set.

[0026] Said acquisition unit 10 is further configured to
acquire the power supply characteristic parameter by
performing a sampling operation on a power supply cir-
cuit of the switching rectifier or based on power supply
requirements of the object to be powered.
[0027] The external environmental parameter of the
switching rectifier includes at least one of the following
parameters:

temperature, humidity, granularity of dust, electric
field intensity and magnetic field intensity;
the power supply characteristic parameter compris-
es at least one of the following parameters: input
voltage, input current, maximal input power, etc.

[0028] It should be noted that above-mentioned acqui-
sition unit may be implemented with a sampling circuitry.
Or, a determined power supply characteristic parameter
and the like may be configured in the acquisition unit.
Then, the acquisition unit may be implemented with CPU,
DSP, FPGA or microprocessor. Each of the strategy es-
tablishment unit 11 and the control unit 12 may be im-
plemented with CPU, DSP, FPGA or microprocessor.
[0029] The essence of the device for controlling start
of a switching rectifier according to embodiments of the
present disclosure will be further described with following
specific examples.
[0030] Fig. 2 is a structural diagram of an implemen-
tation of the device for controlling start of a switching

rectifier according to an embodiment of the present dis-
closure. In the embodiment of the present disclosure as
shown in Fig. 2, an analogue quantity sampling circuit 21
samples analogue quantities such as ambient tempera-
ture and voltage of input power supply device; a soft-start
curve computation circuit 22 computes a soft-start curve
or a start line according to the sampled analogue quan-
tities and provides it to a voltage loop reference circuit
23 and a current loop reference circuit 26; the voltage
loop reference circuit 23 set a reference voltage accord-
ing to the soft-start curve computed by the soft-start curve
computation circuit 22; the reference voltage is compared
with a voltage detected by a voltage sampling circuit 24
to obtain an error; a voltage loop compensation circuit
25 regulates and amplifies this error and outputs it to a
comparator 29; at the same time, the current loop refer-
ence circuit 26 sets a reference current according to the
soft-start curve or the start line computed by the soft-start
curve computation circuit 22; this reference current is
compared with a current detected by a current sampling
circuit 27 to obtain an error; a current loop compensation
circuit 28 regulates and amplifies this error and outputs
it to the comparator 29; the comparator 29 compares and
screens output of the voltage loop compensation circuit
25 and output of the current loop compensation circuit
28, and sends its resulting signal to a Pulse-Width Mod-
ulation PWM signal computation circuit 210; a drive sig-
nal transmitted by the PWM signal computation circuit
210 is amplified by a powertransistor drive circuit 211 to
drive a powertransistorto operate. This is a closed-loop
regulation process for implementing soft start of the
switching rectifier.
[0031] Fig. 3 is a flow chart of the method for controlling
start of a switching rectifier according to an embodiment
of the present disclosure. As shown the Fig. 3, the method
for controlling start of a switching rectifier according to
an embodiment of the present disclosure includes:

Step 301, an external environmental parameter of a
switching rectifier and a power supply characteristic
parameter of an object to be powered are acquired.

[0032] The power supply characteristic parameter and
the external environmental parameter are acquired by a
sampling operation performed on a power supply circuit
of the switching rectifier. Or, the power supply character-
istic parameter is acquired based on power supply re-
quirements of the object to be powered.
[0033] The external environmental parameter of the
switching rectifier includes at least one of the following
parameters:

temperature, humidity, granularity of dust, electric
field intensity and magnetic field intensity;

the power supply characteristic parameter compris-
es at least one of the following parameters:

7 8 
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input voltage, input current, maximal input pow-
er, etc.

[0034] Specifically, the external environmental param-
eter, such as temperature or humidity, of the power sup-
ply circuit may be acquired with a temperature or humidity
sampler. Parameters such as granularity of dust may be
also acquired in the same way. The characteristic pa-
rameter of the power supply device may be detected with
a detection circuit or preset manually according to actual
application scenarios prior to the installation of the recti-
fier product.
[0035] Step 302, a voltage start strategy and/or a cur-
rent start strategy for the object to be powered are es-
tablished according to the external environmental param-
eter and the power supply characteristic parameter.
[0036] The voltage start strategy includes:

a duration for boosting a voltage of the switching
rectifier to a full-load voltage is determined according
to the external environmental parameter and the
power supply characteristic parameter, and the volt-
age of the switching rectifier is boosted from an initial
voltage to the full-load voltage at a uniform speed
within the duration, the voltage may be boosted in a
set curve (at a non-uniform speed) such as expo-
nentially or in a set straight line (at a uniform speed);
or

at least one intermediate voltage is determined be-
tween the initial voltage and the full-load voltage of
the switching rectifier according to the external en-
vironmental parameter and the power supply char-
acteristic parameter, voltage boost sections are ob-
tained using the initial voltage and the full-load volt-
age as endpoints and using the at least one inter-
mediate voltage as sectioning point(s), a voltage
boost duration of each of the voltage boost sections
is determined, and the voltage of the switching rec-
tifier is boosted in sequence according to determined
voltage boost durations. The intermediate current is
not necessary to be set, instead, it is set mainly ac-
cording to power supply requirements, and one or
more intermediate currents may be set.

[0037] The current start strategy includes:

a duration for boosting the current of the switching
rectifier to the full-load current is determined accord-
ing to the external environmental parameter and the
power supply characteristic parameter, and the cur-
rent of the switching rectifier is boosted from an initial
current to the full-load current within the duration,
the current may be boosted in a set curve (at a non-
uniform speed) such as exponentially or in a set
straight line (at a uniform speed); or

at least one intermediate current is determined be-

tween the initial current and the full-load current of
the switching rectifier according to the external en-
vironmental parameter and the power supply char-
acteristic parameter, current boost sections are ob-
tained using the initial current and the full-load cur-
rent as endpoints and using the at least one inter-
mediate current as sectioning point(s), a current
boost duration of each of the current boost sections
is determined, and the current of the switching rec-
tifier is boosted in sequence according to determined
current boost durations. The intermediate current is
not necessary to be set, instead, it is set mainly ac-
cording to the requirements of power supply, and
one or more intermediate currents may be set.

[0038] In the embodiments of the present disclosure,
the voltage start and the current start may be performed
in parallel. Of course, only one of the voltage start or the
current start of the power supply circuit may be performed
as required.
[0039] Step 303, a voltage and/or a current of the
switching rectifier are controlled to start to a full-load volt-
age and/or a full-load current according to the voltage
start strategy and/or the current start strategy.
[0040] The start voltage and/or the current start of the
power supply circuit for the switching rectifier are adjust-
ed according said voltage start strategy and/or the cur-
rent start strategy, such that the start voltage and/or the
start current are regulated to the full-load voltage and/or
the full-load current smoothly.
[0041] The essence of the technical scheme of the em-
bodiments of the present disclosure will be further de-
scribed in examples of specific compensation for rectifier.

Embodiment 1

[0042] An LLC resonant DC-DC converter has charac-
teristics as follows: (1) since resonant elements operate
in a sinusoidal resonant state, a voltage across a switch-
ing transistor crosses zero naturally, the turn on/off in a
zero voltage across the switching transistor in primary
side may be implemented in a range of frequency con-
version, leading to a reduced loss of power supply; (2)
the reduced loss allows a higher operating frequency,
reduced volume and cost of a converter and an enhanced
power density; (3) a diode in secondary side is turned off
naturally, eliminating a voltage spike in secondary side
and reducing turn-off loss. Therefore, due to significant
advantages in conversion efficiency and power density,
the LLC resonant converter is favoured by those skilled
in the industry of switched-mode power supply. At
present, the DC-DC part in a latest switching rectifier for
communication uses, in majority, the topological struc-
ture of a LLC resonant converter.
[0043] However, the LLC resonant converter has prob-
lems as following: it is not able to implement a complete
soft switching when operating in a low voltage with a slight
load, and its switching frequency will be rather high at

9 10 
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this time for its relative large switching loss. In the case
of a long term operation in a low voltage with a slight
load, the power transistor will be damaged because of
increased temperature accumulated from the switching
loss.
[0044] In a soft start of the DC-DC part, in the case that
the load is tiny and the output voltage is low at the very
beginning of operation, if the soft start takes a long time,
i.e. operating under this condition for a long time, the
power transistor will be damaged because of increased
temperature accumulated from the switching loss. Thus,
the output voltage is required to increase rapidly at the
beginning of the start. The switching rectifier for commu-
nication limits the over-regulation of the output voltage
during the start. If the output voltage increases to fast
during the entire soft start process, the over-regulation
of the output voltage will exceed an allowable range. For
reasons described above, the soft-start strategy of the
output voltage is as shown in Fig. 4: at the beginning of
the start, a reference value of a voltage loop in the voltage
soft start is boosted from V0 to V1 within a duration t1,
which is relatively short; the reference value of the voltage
loop in the voltage soft start is boosted from V1 to a value
Vref set by a monitoring unit within a duration from t2 to
t1, which is relatively long and therefore will not lead to
the problem of output voltage overshoot.
[0045] In addition, industry standards limit the inrush
starting current in the soft start, and thus it is required to
limit output current during start. Thus, as shown in Fig.
5, a current-limiting point is set at l0 at the beginning of
a soft start and the current-limiting point goes to a current-
limiting point Iref issued by the monitoring unit after a du-
ration t1. In this way, the inrush starting current is also
limited with the current soft-start strategy.
[0046] In this embodiment, values of t1 and V1 may be
determined according to the external environmental pa-
rameter and the power supply characteristic parameter
of an object to be powered or may be determined in ad-
vance. V0 and I0 are particular values in a power supply
circuit. Values of initial voltage and of initial current of
different power supplies may have some differences, but
they may be determined based on characteristics of re-
spective power supplies. Iref is determined according to
the external environmental parameter and the power
supply characteristic parameter of an object to be pow-
ered, and may be also determined in advance.

Embodiment 2

[0047] A communication power supply system in an
outdoor base station is generally equipped with a fuel
generator, and fuel generators of different power levels
may be used depending on a required load, such as a
common used three-phase 10 KW fuel generator used
in small outdoor base stations. The problem of this fuel
generator is that when its loads in three phases are un-
balanced, the alternating input voltage in one or two phas-
es with less load may go to a high level, such that over-

voltage protection of the rectifier to which the fuel gen-
erator supplies power is triggered due to the input over-
voltage. Thus, it is required that the three-phase fuel gen-
erator can balance loads in its three phases. This requires
that rectifiers of the three phases of the fuel generator
may have their loads balanced. However, when the fuel
generator starts with rectifiers, the difference in hardware
make it impossible to ensure simultaneous start and
equilibrating of loads of rectifiers of the three phases of
the fuel generator. Thus, without an optimization with re-
spect to strategy, it is difficult to ensure absence of the
problem that overvoltage protection is triggered by de-
tection of an input overvoltage by a rectifier due to un-
balanced voltages in three phases when the fuel gener-
ator starts with load.
[0048] The alternating input voltage in a certain phase
will exceed an input overvoltage protection threshold
when the degree of unbalance of loads carried by three
phases of the three-phase fuel generator exceeds a
range. Thus, the occurrence of this phenomenon may be
avoided by limiting the soft-start strategy.
[0049] In this embodiment, the current soft start of the
DC-DC part of the rectifier is limited, i.e. power deviation
of load in each phase of the three-phase fuel generator
is limited in an allowable range by changing the slope of
the current soft start.
[0050] Fig.6 shows a relationship between the current
loop reference value of the DC-DC part of the rectifier
and time. At the very beginning, a current-limiting point
is fixed to l0 and remains unchanged for a duration t1; the
current-limiting point increases from l0 to l1 within a du-
ration between t1 and t2 which is relatively longer; a
smooth variation of the current-limiting point within both
of the durations ensures that a rectifier in each phase of
the three-phase fuel generator has a certain load, and
the degrees of unbalance of the loads in the three phases
has small differences, thus the problem of large deviation
of input voltages in the three phases will not occur; sub-
sequently, the current-limiting point increases fast from
l1 to lref within a duration between t2 and t3, the current-
limiting soft start finishes. Additionally, in this process,
the voltage soft start remains the same as shown in Fig. 4.
[0051] In this example, values of t1 and V1 may be de-
termined according to the external environmental param-
eter and the power supply characteristic parameter of an
object to be powered or may be determined in advance.
V0 and l0 are particular values in a power supply circuit.
Values of initial voltage and of initial current of different
power supplies may have some differences, but they may
be determined based on characteristics of respective
power supplies. lref is determined according to the exter-
nal environmental parameter and the power supply char-
acteristic parameter of an object to be powered, or may
be also determined in advance. The t2 and t3 may be
determined according to the external environmental pa-
rameter and the power supply characteristic parameter
of an object to be powered, or may be also determined
in advance.
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Embodiment 3

[0052] At present, the market requires that switching
rectifiers may operate normally at low temperature, or
starts with full load directly after a period of storage at
low temperature. For example, some clients require that
switching rectifiers may start with full load at a tempera-
ture of -40 degrees centigrade. However, performance
of some devices in a switching rectifier may degrade dra-
matically, which makes the switching rectifier unable to
start with full load. Then, typically, some protective ac-
tions interior to the switching rectifier are triggered, lead-
ing to a failure in soft start.
[0053] The soft start with full load of the switching rec-
tifier may be achieved by modifying the soft-start strate-
gy. Reasonably-set current soft-start curve and voltage
soft-start curve allow the switching rectifier to change its
soft-start strategy depending on ambient temperature,
so as to implement start with full load successfully without
triggering some protective actions interior to the rectifier.
[0054] As shown in Fig. 7, according to the current soft-
start strategy in the DC-DC part, at the very beginning,
a current-limiting point is fixed to l0 and remains un-
changed for a duration t1; the current-limiting point in-
creases from l0 to l1 within a duration between t1 and t2;
the current soft-start strategy from t0 to t2 is the same as
that in embodiment 2. The time which the current refer-
ence value takes for increasing from l1 to lref has a slope
changing with temperature other than being constant, i.
e. the duration from t2 to t3 changes with the ambient
temperature of the rectifier. Of course, this requires a
temperature sensor which can detect the ambient tem-
perature at which the rectifier operates.
[0055] The embodiments of the present disclosure fur-
ther discloses a rectifier which includes the device for
controlling start of a power supply as described above.
[0056] The method and device for controlling start of
a power supply according to the embodiments of the
present disclosure may be implemented with DSP and
also in other ways. For example, reference values of the
voltage loop and the current loop are computed and set
in a digital and analogue combining way, i.e. with a single
chip microcomputer. The voltage loop compensation net-
work and the current loop compensation network may be
implemented with an analogue circuit. All of them may
be further implemented with an analogue circuit. This will
not be repeated here.
[0057] The embodiments of the present disclosure al-
so discloses a storage medium in which a computer pro-
gram is stored, the computer program being configured
to implement the method for controlling soft start of a
switching rectifier in previous embodiments.
[0058] Obviously, those skilled in the art should under-
stand that various modules and steps of the disclosure
as describe above may be implemented with universal
computing apparatus, integrated in a single computing
apparatus or distributed on a network constituted by mul-
tiple computing apparatus. Optionally, they may be im-

plemented with program codes which can be executed
by the computing apparatus, therefore stored in a storage
apparatus and executed by the computing apparatus. In
some situations, the illustrated or depicted steps may be
executed in an order different from that herein, or imple-
mented as different IC modules; otherwise, a number of
the modules or steps therefrom may be implemented as
a single IC module. In this way, the disclosure is not lim-
ited to any particular combination of hardware and soft-
ware.
[0059] The above descriptions are merely the pre-
ferred embodiments of the present disclosure, but not to
limit the scope of protection of the present disclosure.

Industrial Applicability

[0060] The present disclosure may provide an ade-
quate voltage and/or current start for an object to be pow-
ered according to requirements of the object to be pow-
ered and its operating environment, such that the switch-
ing rectifier may start with load according to the require-
ments on voltage and/or current of its power supply de-
vice and external environmental factors.

Claims

1. A method for controlling soft start of a switching rec-
tifier, comprising:

acquiring an external environmental parameter
of a switching rectifier and a power supply char-
acteristic parameter of an object to be powered,
establishing a voltage start strategy and/or a cur-
rent start strategy for the switching rectifier ac-
cording to the external environmental parameter
and the power supply characteristic parameter,
and controlling a voltage and/or a current of the
switching rectifier to start to a full-load voltage
and/or a full-load current according to the volt-
age start strategy and/or the current start strat-
egy.

2. The method according to claim 1, wherein the volt-
age start strategy comprises:

determining a duration for boosting the voltage
of the switching rectifier to the full-load voltage
according to the external environmental param-
eter and the power supply characteristic param-
eter, and boosting the voltage of the switching
rectifier from an initial voltage to the full-load volt-
age of the switching rectifier within the duration;
or
determining at least one intermediate voltage
between the initial voltage and the full-load volt-
age of the switching rectifier according to the
external environmental parameter and the pow-
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er supply characteristic parameter, obtaining
voltage boost sections using the initial voltage
and the full-load voltage as endpoints and using
the at least one intermediate voltage as section-
ing point(s), determining a voltage boost dura-
tion of each of the voltage boost sections, and
boosting the voltage of the switching rectifier in
sequence according to determined voltage
boost durations.

3. The method according to claim 1 or 2, wherein the
current start strategy comprises:

determining a duration for boosting the current
of the switching rectifier to the full-load current
according to the external environmental param-
eter and the power supply characteristic param-
eter, and boosting the current of the switching
rectifier from an initial current to the full-load cur-
rent within the duration; or
determining at least one intermediate current
between the initial current and the full-load cur-
rent of the switching rectifier according to the
external environmental parameter and the pow-
er supply characteristic parameter, obtaining
current boost sections using the initial current
and the full-load current as endpoints and using
the at least one intermediate current as section-
ing point(s), determining a current boost dura-
tion of each of the current boost sections, and
boosting the current of the switching rectifier in
sequence according to determined current
boost durations.

4. The method according to claim 3, wherein the power
supply characteristic parameter is acquired by a
sampling operation performed on a power supply cir-
cuit of the switching rectifier or based on power sup-
ply requirements of the object to be powered.

5. The method according to claim 4, wherein the exter-
nal environmental parameter of the switching recti-
fier comprises at least one of the following parame-
ters:

temperature, humidity, granularity of dust, elec-
tric field intensity and magnetic field intensity;
the power supply characteristic parameter com-
prises at least one of the following parameters:

input voltage, input current, maximal input
power.

6. A device for controlling start of a switching rectifier,
comprising an acquisition unit, a strategy establish-
ment unit and a control unit, wherein
the acquisition unit is configured to acquire an exter-
nal environmental parameter of a switching rectifier

and a power supply characteristic parameter of an
object to be powered,
the strategy establishment unit is configured to es-
tablish a voltage start strategy and/or a current start
strategy according to the external environmental pa-
rameter and the power supply characteristic param-
eter,
the control unit is configured to control the a voltage
and/or a current of the switching rectifier to start to
a full-load voltage and/or a full-load current accord-
ing to the voltage start strategy and/or the current
start strategy.

7. The device according to claim 5, wherein the strategy
establishment unit is further configured to:

determine a duration for boosting the voltage of
the switching rectifier to the full-load voltage ac-
cording to the external environmental parameter
and the power supply characteristic parameter,
and boost the voltage of the switching rectifier
from an initial voltage to the full-load voltage of
the switching rectifier within the duration; or
determine at least one intermediate voltage be-
tween the initial voltage and the full-load voltage
of the switching rectifier according to the exter-
nal environmental parameter and the power
supply characteristic parameter, obtain voltage
boost sections using the initial voltage and the
full-load voltage as endpoints and using the at
least one intermediate voltage as sectioning
point(s), determine a voltage boost duration of
each of the voltage boost sections, and boost
the voltage of the switching rectifier in sequence
according to determined voltage boost dura-
tions.

8. The device according to claim 6 or 7, wherein the
strategy establishment unit is further configured to:

determine a duration for boosting the current of
the switching rectifier to the full-load current ac-
cording to the external environmental parameter
and the power supply characteristic parameter,
and boosting the current of the switching rectifier
from an initial current to the full-load current with-
in the duration; or
determine at least one intermediate current be-
tween the initial current and the full-load current
of the switching rectifier according to the exter-
nal environmental parameter and the power
supply characteristic parameter, obtain current
boost sections using the initial current and the
full-load current as endpoints and using the at
least one intermediate current as sectioning
point(s), determine a current boost duration of
each of the current boost sections, and boost
the current of the switching rectifier in sequence
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according to determined current boost dura-
tions.

9. The device according to claim 8, wherein the acqui-
sition unit is further configured to acquire the power
supply characteristic parameter by performing a
sampling operation on a power supply circuit of the
switching rectifier or based on power supply require-
ments of the object to be powered.

10. The device according to claim 9, wherein the external
environmental parameter of the switching rectifier
comprises at least one of the following parameters:

temperature, humidity, granularity of dust, elec-
tric field intensity and magnetic field intensity;
the power supply characteristic parameter com-
prises at least one of the following parameters:

input voltage, input current, maximal input
power.

11. A storage medium, in which a computer program is
stored, wherein the computer program is configured
to implement the method for controlling soft start of
a switching rectifier according to any of claims 1 to 5.
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