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POWER SUPPLY APPARATUS, VEHICLE
AND CONTROL METHOD

TECHNICAL FIELD

The present disclosure relates to a power supply appara-
tus, a vehicle and a control method.

BACKGROUND ART

Conventionally, a power supply apparatus has been
known, which includes a plurality of power supply circuit-
ries. In such a power supply apparatus, when the power
supply apparatus is connected to an external power supply,
the power supply apparatus operates all the plurality of
power supply circuitries in parallel to supply power to a
load.

For example, the related art discloses a configuration that
supplies power to a load by operating a plurality of power
supply circuitries in parallel, which connected to each phase
of a multiple-phase external power supply.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Application Laid-Open No. 2017-
169350

SUMMARY OF INVENTION
Solution to Problem

A power supply apparatus according to an embodiment of
the present disclosure supplies power received from an
external power supply to a load, the power supply apparatus
comprising:

a plurality of power supply circuitries, each of which has
switching elements, that are allowed to supply power to
the load separately; and

a processor that controls a number of the power supply
circuitries supplying power to the load according to a
required power level of the load.

A vehicle according to an embodiment of the present

disclosure includes:

a load; and

the above-described power supply apparatus.

A control method according to an embodiment of the
present disclosure, of a power supply apparatus that includes
a plurality of power supply circuitries, each of which has
switching elements, and supplies power received from an
external power supply to a load, the control method com-
prising:

controlling a number of the power supply circuitries
supplying power to the load according to a required
power level of the load; and

controlling the plurality of the power supply circuitries
separately based on the number of the power supply
circuitries.

Advantageous Effects of Invention
According to an embodiment of the present disclosure, it

is possible to improve power efficiency and EMI perfor-
mance.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a vehicle including a
power supply apparatus according to an embodiment of the
present disclosure;

FIG. 2 is a diagram illustrating a relationship of between
output power and power efficiency when all three power
supply circuitries are operated in parallel;

FIG. 3 is a diagram illustrating a relationship of between
output power and power efficiency in a control of the present
embodiment;

FIG. 4 is a flowchart of an exemplary operation of a power
supplying control in a controller; and

FIG. 5 is a diagram illustrating a relationship of between
output power and power efficiency in a control of a variation.

DESCRIPTION OF EMBODIMENTS
Embodiment

Hereinafter, embodiments of the present disclosure will
be described in detail with reference to the accompanying
drawings. FIG. 1 is a block diagram illustrating a configu-
ration example of a vehicle 1 provided with a power supply
apparatus 100 according to an embodiment of the present
disclosure.

As illustrated in FIG. 1, the power supply apparatus 100
is for example, a charger to charge a battery 2 (a load)
mounted on the vehicle 1 and operates by power being
supplied from an external power supply 3 (an AC power
supply). The external power supply 3 may be any AC power
supply such as a single-phase power supply and a three-
phase power supply.

The power supply apparatus 100 includes an AC filter
110, three power supply circuitries 120, a DC filter 130, a
controller 140 and the like.

The AC filter 110, the three power supply circuitries 120
and the DC filter 130 are circuits to convert power received
from the external power supply 3 into power to charge the
battery 2.

The AC filter 110 removes noise superimposed on the AC
power input from the external power supply 3 and outputs an
AC power to each of the three power circuitries 120. Note
that the AC filter 110 may be shared by the three power
supply circuitries 120 or be provided on each of the three
power supply circuitries 120.

The three power supply circuitries 120 are connected to
the battery 2 in parallel and are configured to be capable of
supplying power to the battery 2 separately. Each of the
three power supply circuitries 120 has a uniform configu-
ration and includes an AC/DC conversion circuit 121 and a
DC/DC conversion circuit 122.

The AC/DC conversion circuit 121 converts the AC
power received from the external power supply 3 into the
DC power and includes a rectifier, a power factor correction
circuit and the like. The AC/DC conversion circuit 121 (the
power factor correction circuit) includes switching elements
121A, and the controller 140 controls a switching operation
of the switching elements 121A and the like.

The DC/DC conversion circuit 122 converts the DC
power obtained from the AC/DC conversion circuit 121 into
the DC power that is capable of charge the battery 2. The
DC/DC conversion circuit 122 includes switching elements
122A, and the controller 140 controls a switching operation
of the switching elements 122A and the like.

Moreover, the three power supply circuitries 120 are
configured to be capable of operating separately. Specifi-
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cally, the three power supply circuitries 120, under control
of the controller 140, can operate in any one of a first
operating state, a second operating state and a third operat-
ing state. The first operating state is a state in which one of
the three power supply circuitries 120 is active and the other
two are inactive. The second operating state is a state in
which two of the three power supply circuitries 120 are
active and the other one is inactive. The third operating state
is a state in which all the three power supply circuitries 120
are active. That is, the controller 140, when neither of the
three power supply circuitries 120 is active, causes all the
power supply circuitries 120 to be inactive.

In the first operating state and the second operating state,
the inactive power supply circuitries 120 are not supplied
with power from the external power supply 3, for example,
by a switch (not shown) cutting off a power line connecting
between the power supply circuitry 120 and the external
power supply 3 and the like, and the switching operation of
the switching elements are not controlled.

The DC filter 130 reduces noises superimposed on the DC
power obtained from the three power supply circuitries 120,
respectively, and outputs the noise-reduced power to the
battery 2. Note that the DC filter 130 may be shared with the
three power supply circuitries 120 or be provided on each of
the three power supply circuitries 120.

When the DC power which is converted by the power
supply apparatus 100 is supplied to the battery 2 in this
manner, the battery 2 is charged.

The controller 140 includes a central processing unit
(CPU) (not illustrated), a read only memory (ROM) (not
illustrated), a random access memory (RAM) (not illus-
trated), and an input/output circuit (not illustrated). The
controller 140 is configured to control each of the power
supply circuitries 120 (the switching elements) based on a
preset program.

Since the three power supply circuitries 120 have a
uniform configuration, it is possible to supply the battery 2
with three times as much power as a maximum value of
power output by only one power supply circuitry 120 (the
first operating state) when all the three power supply cir-
cuitries 120 operate in parallel (the third operating state).

It is experimentally confirmed that power efficiency,
which is the ratio of output power to input power, changes
as illustrated in FIG. 2 according to an output power level
when all the three power supply circuitries 120 operate in
parallel.

Specifically, the power efficiency is equal to E1 approxi-
mately at P1 which corresponds to output power of about 4
of'the maximum output power, and as the output power level
is larger than P1, the power efficiency increases. Then, the
power efficiency reaches the maximum E2 approximately at
P2 which corresponds to output power of about 2 of the
maximum output power. For subsequent output powers, the
power efficiency changes within a relatively stable range,
slightly lower than E2.

The maximum output power is a maximum value of
power that can be input during activation of all the three
power supply circuitries 120.

From this result, for example, when the output power is
relatively low such as the output power that is lower than
about V2 of the maximum output power, the power efficiency
is significantly worse than the case of relatively high output
power such as the output power that is higher than about %2
of the maximum output power.

The output power is adjusted according to the output
power required for the side of the battery 2 (hereinafter
required power). The required power is power that is set as
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4

supplied power to the battery 2 and is determined, for
example, on the basis of the amount of electricity stored in
the battery 2, the amount of power according to user request
and the like.

Considering the change of the power efficiency as illus-
trated in FIG. 2, when the required power is set to a lower
level, supplying power to the battery 2 in the third operating
state, where all the three power supply circuitries 120
operate in parallel, deteriorates the power efficiency.

In view of this, the controller 140 controls the number of
the power supply circuitries 120 supplying power to the
battery 2 according to a required power level. Specifically,
the controller 140 determines the number of the power
supply circuitries 120 such that the number of the power
supply circuitries 120 supplying power to the battery 2
decreases as the required power level is set to be smaller.

The maximum value of the output power of one of the
power supply circuitries 120 is %3 of the maximum value of
the total output power of all the three power supply circuit-
ries 120. Therefore, for example, when the required power
of the battery 2 is equal to or lower than 4 of the maximum
value of the total output power, the controller 140 deter-
mines that the number of the power supply circuitries 120 is
equal to one and controls the three power supply circuitries
120 under the first operating state.

Moreover, for example, when the required power of the
battery 2 is higher than 3 of the maximum value of the total
output power and is lower than %3 of the maximum value of
the total output power, the controller 140 determines that the
number of the power supply circuitries 120 is equal to two
and controls the three power supply circuitries 120 under the
second operating state.

Further, for example, when the required power of the
battery 2 is higher than %4 of the maximum value of the total
output power, the controller 140 determines that the number
of the power supply circuitries 120 is equal to three and
controls the three power supply circuitries 120 underin the
third operating state.

In this manner, for example, as illustrated in FIG. 3, it can
be experimentally confirmed that the power efficiency
within a range below %4 of the maximum output power (the
range from 0 to P3) in the first operating state (the solid line
L1) is more significantly improved than that of the case of
all the three power supply circuitries 120 operating in
parallel (the broken line L.0).

Specifically, at the output power P4 lower than P1, the
power efficiency of the first operating state is equal to E3
which is higher than E1 (about 3 percent higher than E1).
Moreover, at the output power P1, the power efficiency of
the first operating state is equal to E4 which is higher than
E1 (about 5 percent higher than E1). The value El as
mentioned above corresponds to the power efficiency in the
case where the output power is P1 and all the three power
supply circuitries 120 operate in parallel.

In addition, it can be experimentally confirmed that the
power efficiency within a range from % to 25 of the
maximum output power (the range from P3 to P5) in the
second operating state is more improved as a whole than the
power efficiency of the case of all the three power supply
circuitries 120 operating in parallel (the broken line [.0). In
particular, it can be confirm that the power efficiency is more
significantly improved than the broken line 10 as the output
power is smaller.

That is, in the present embodiment, it is possible to
improve the power efficiency if the required power level is
relatively small.
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Further, in the third operating state in which the output
power is higher than %4 of the maximum output power, since
the power efficiency is almost the same as that of the broken
line L0, it is possible to achieve high levels of the power
efficiency.

By the way, when the three power supply circuitries 120
operate in parallel, noise such as switching noise is gener-
ated in the respective three power supply circuitries 120 due
to a switching control of the switching elements in each of
the power supply circuitries 120. Therefore, since superpo-
sition of the noise in the three power supply circuitries 120
occurs, it is difficult to improve EMI performance.

In contrast, in the present embodiment, since all the three
power supply circuitries 120 do not operate in parallel when
the required power level is relatively small, not operating
power supply circuitries 120 stop. Therefore, since noise is
not generated in the not operating power supply circuitries
120, it is possible to reduce the noise as a whole. Conse-
quently, it is possible to improve the EMI performance.

Moreover, the controller 140 selects operating power
supply circuitry 120 after determining the number of the
power supply circuitries 120. Specifically, the controller 140
selects the power supply circuitry 120 supplying power to
the battery 2 according to durability condition of the plu-
rality of power supply circuitries 120 respectively.

For example, when the number of the power supply
circuitries 120 is equal to one, the controller 140 selects the
least frequently used power supply circuitry 120 in the three
power supply circuitries 120. In addition, when the number
of the power supply circuitries 120 is equal to two, the
controller 140 selects the least frequently used power supply
circuitry 120 and the second least frequently used power
supply circuitry 120 in the three power supply circuitries
120.

In this manner, it is possible to suppress occurrence of
significantly overused power supply circuitry 120 in the
three power supply circuitries 120 and to easily equalize the
durability condition of the three power supply circuitries
120.

By the way, during charging the battery 2, a control of
changing the required power level may be performed. Such
the control is to reduce the required power level to prevent
the battery 2 from being overcharged when the charge
amount of the battery 2 approaches the maximum charge
amount by charging the battery 2 with relatively large
required power level corresponding to the third operating
state, for example.

When reducing the required power level to the power
range corresponding to the first operating state or the second
operating state, it is considered possible to prevent decreas-
ing the power efficiency by reducing the number of the
active power supply circuitries 120 accordingly.

Therefore, the controller 140, when operating at least two
power supply circuitries 120 to charge the battery 2, may
decrease the at least two power supply circuitries 120
according to remaining charge of the battery 2.

In this manner, it is possible to prevent decreasing the
power efficiency and overcharging of the battery 2.

Moreover, when the required power level is set and the
number of the active power supply circuitries 120 is deter-
mined by the controller 140, the external power supply 3
may not be able to input the set power. Specifically, when a
maximum supplying power of the external power supply 3
is smaller than the required power level, charging of the
battery 2 is performed by an output power level which is
smaller than the required power level.
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For example, even in the case where the number of the
power supply circuitries 120 is determined by the controller
140 to be equal to two, when the output power corresponds
to the power range of the case of the number of the power
supply circuitries 120 being equal to one, the power effi-
ciency decreases due to a large number of the power supply
circuitries 120.

Therefore, when the required power level is larger than
input power from the external power supply 3 after the
number of the active power supply circuitries 120 is deter-
mined according to the required power level, the controller
140 may decrease the number of the active power supply
circuitries 120 according to the input power.

For example, when the required power level is within a
range of the second operating state and the output power
corresponding to the input power is within a range of the first
operating state, the controller 140 changes the number of the
power supply circuitries 120 from two to one.

In this manner, it is possible to suppress decreasing of the
power efficiency due to circumstances of the input power
from the external power supply 3.

An exemplary operation example of power supply control
by the controller 140 configured in the above manner will be
described. FIG. 4 is a flowchart illustrating an exemplary
operation of the power supply control by the controller 140.
Processing in FIG. 4 is performed when the power supply
apparatus 100 is connected to the external power supply 3,
for example.

As illustrated in FIG. 4, the controller 140 acquires
information of the required power for the battery 2 (step
S101). Then, the controller 140 determines the number of
the power supply circuitries 120 according to the required
power level (step S102).

After determining the number of the power supply cir-
cuitries 120, the controller 140 selects which of the power
supply circuitries 120 to activate and sets the selected one or
ones (step S103). Then, the controller 140 starts supplying
power by the set power supply circuitry (step S104). There-
after, the control is completed.

According to the present embodiment configured as
described above, since the number of the active power
supply circuitries 120 is controlled according to the required
power level, it is possible to reduce the number of the active
power supply circuitries 120 for a lower level of the required
power.

Consequently, it is possible to improve the power effi-
ciency when the required power level is relatively small.

In addition, since the number of the active power supply
circuitries 120 for a lower level of the required power is
decreased, it is possible to decrease the number of the
switching elements where the switching control is con-
ducted. Consequently, it is possible to reduce noise of the
power supply apparatus 100 as a whole, and to improve the
EMI performance.

In the above-described embodiments, the number of
active ones of the three power supply circuitries 120 is
controlled in three steps of the first operating state, the
second operating state and the third operating state, but the
present disclosure is not limited to this. For example, as
illustrated in FIG. 5, the number of active ones of the three
power supply circuitries 120 may be controlled in two steps
of the first operating state and the third operating state (the
solid line [.2).

The output power in the range from 0 to P3 may have the
greatest discrepancy between the solid line 1.2 and the
broken line L0 in the power efficiency. Therefore, by con-
trolling the number of the power supply circuitries 120 only
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in the range, the control can be simplified. However, from a
view point of noise reduction, it is preferable to control the
number of the active power supply circuitries 120 in the
three steps of the first operating state, the second operating
state and the third operating state.

In addition, in the above-described embodiments, selec-
tion as to which of the power supply circuitries 120 supply
power with the battery 2 is made according to the durability
condition of the three power supply circuitries 120, but the
present disclosure is not limited to this, and for example, the
power supply circuitries 120 may be cyclically selected.

Moreover, the controller 140 may select the power supply
circuitry 120 according to arrangement states of the three
power supply circuitries 120. For example, when two adja-
cent power supply circuitries 120 are activated in the second
operating state, noise may be easily superimposed.

Therefore, in the three power supply circuitries arranged
side by side, the power supply circuitry arranged in the
middle is inactive and two power supply circuitries arranged
on both sides of the stopped power supply circuitry are
active under the second operating state, for example.

In this manner, since the inactive power supply circuitry
positions between the active two power supply circuitries,
the active two power supply circuitries are positioned apart
from each other. Therefore, noise generated in each the
power supply circuitry is hard to be superimposed and noise
can be reduced as a whole.

Furthermore, in the above-described embodiments, the
three power supply circuitries are provided, but the present
disclosure is not limited to this, and two power supply
circuitries may be provided or, four or more power supply
circuitries may be provided.

Furthermore, in the above-described embodiments, while
the battery is exemplified as a load, but the present disclo-
sure is not limited to this, and the load may be other than the
battery.

Furthermore, in the above-described embodiments, while
one including the AC/DC conversion circuit and the DC/DC
conversion circuit is exemplified as a power supply circuitry,
but the present disclosure is not limited to this, and the
power supply circuitry may be other circuitry including
switching elements.

Furthermore, in the above-described embodiments, the
power supply apparatus is mounted on the vehicle, but the
present disclosure is not limited to this, and the power
supply apparatus may not be mounted on the vehicle.

The embodiments described above are merely examples
of specific implementation of the present disclosure, and the
technical scope of the present disclosure should not be
restrictively interpreted by these embodiments. That is, the
present disclosure may be implemented in various forms
without departing from the spirit thereof or the major
features thereof.

While various embodiments have been described herein
above, it is to be appreciated that various changes in form
and detail may be made without departing from the spirit and
scope of the invention(s) presently or hereafter claimed.

This application is entitled to and claims the benefit of
Japanese Patent Application No. 2021-037358, filed on Mar.
9, 2021, the disclosure of which including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

INDUSTRIAL APPLICABILITY

The power supply apparatus of the present disclosure is
useful as power supply apparatuses, vehicles and control
methods that achieve improvement of the power efficiency
and the EMI performance.
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The invention claimed is:

1. A power supply apparatus for supplying power received
from an external power supply to a load, the power supply
apparatus comprising:

a plurality of power supply circuitries connected in par-
allel, each of which has switching elements, that are
allowed to supply power to the load separately; and

a processor that, in operation, controls a number of the
power supply circuitries supplying power to the load
according to a required power level of the load,

wherein the processor determines the number of the
power supply circuitries such that the number of the
power supply circuitries supplying power to the load
decreases as the required power level is set to be
smaller,

wherein when the required power level of the load is equal
to or lower than %5 of the maximum value of a total
output power, the processor controls the power supply
circuit so that the number of the power supply circuits
supplying the power to the load is one,

wherein when the required power level of the load is
higher than V5 of the maximum value of the total output
power and is lower than %4 of the total output power, the
processor controls the power supply circuit so that the
number of the power supply circuits supplying the
power to the load is two, and

wherein when the required power level of the load is
higher than %4 of the maximum value of the total output
power, the processor controls the power supply circuit
so that the number of the power supply circuits sup-
plying the power to the load is three.

2. The power supply apparatus according to claim 1,

wherein

each of'the plurality of power supply circuitries is allowed
to operate separately, and

the processor, when neither of all the power supply
circuitries is active, causes all the plurality of power
supply circuitries to be inactive.

3. The power supply apparatus according to claim 1,
wherein the processor selects the power supply circuitry
supplying power to the load according to durability condi-
tion of the plurality of power supply circuitries respectively.

4. The power supply apparatus according to claim 1,
wherein the load is a battery.

5. The power supply apparatus according to claim 4,
wherein the processor, when operating at least two power
supply circuitries to charge the battery, decreases the at least
two power supply circuitries according to remaining charge
of the battery.

6. The power supply apparatus according to claim 1,
wherein when the required power level is larger than input
power from the external power supply after the number of
the power supply circuitries is determined according to the
required power level, the processor decreases the number of
the power supply circuitries according to the input power.

7. The power supply apparatus according to claim 1,
wherein each of the plurality of power supply circuitries is
allowed to operate separately, and the processor, when
neither of all the power supply circuitries is active, causes all
the plurality of power supply circuitries to be inactive.

8. The power supply apparatus according to claim 1,
wherein the processor selects the power supply circuitry
supplying power to the load according to durability condi-
tion of the plurality of power supply circuitries respectively.

9. The power supply apparatus according to claim 2,
wherein the processor selects the power supply circuitry
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supplying power to the load according to durability condi-
tion of the plurality of power supply circuitries respectively.

10. The power supply apparatus according to claim 1,
wherein the load is a battery.

11. The power supply apparatus according to claim 2,
wherein the load is a battery.

12. The power supply apparatus according to claim 3,
wherein the load is a battery.

13. The power supply apparatus according to claim 10,
wherein the processor, when operating at least two power
supply circuitries to charge the battery, decreases the at least
two power supply circuitries according to remaining charge
of the battery.

14. The power supply apparatus according to claim 11,
wherein the processor, when operating at least two power
supply circuitries to charge the battery, decreases the at least
two power supply circuitries according to remaining charge
of the battery.

15. The power supply apparatus according to claim 12,
wherein the processor, when operating at least two power
supply circuitries to charge the battery, decreases the at least
two power supply circuitries according to remaining charge
of the battery.

16. The power supply apparatus according to claim 1,
wherein when the required power level is larger than input
power from the external power supply after the number of
the power supply circuitries is determined according to the
required power level, the processor decreases the number of
the power supply circuitries according to the input power.

17. The power supply apparatus according to claim 2,
wherein when the required power level is larger than input
power from the external power supply after the number of
the power supply circuitries is determined according to the
required power level, the processor decreases the number of
the power supply circuitries according to the input power.

18. A vehicle, comprising:

a load; and

a power supply apparatus that, in operation, supplies
power received from an external power supply to the
load, the power supply apparatus comprising:

a plurality of power supply circuitries connected in par-
allel, each of which has switching elements, that are
allowed to supply power to the load separately; and

a processor that, in operation, controls a number of the
power supply circuitries supplying power to the load
according to a required power level of the load,

wherein the processor determines the number of the
power supply circuitries such that the number of the
power supply circuitries supplying power to the load
decreases as the required power level is set to be
smaller,
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wherein when the required power level of the load is equal
to or lower than %5 of the maximum value of a total
output power, the processor controls the power supply
circuit so that the number of the power supply circuits
supplying the power to the load is one,

wherein when the required power level of the load is

higher than V5 of the maximum value of the total output
power and is lower than %4 of the total output power, the
processor controls the power supply circuit so that the
number of the power supply circuits supplying the
power to the load is two, and

wherein when the required power level of the load is

higher than %4 of the maximum value of the total output
power, the processor controls the power supply circuit
so that the number of the power supply circuits sup-
plying the power to the load is three.

19. A control method of a power supply apparatus that
includes a plurality of power supply circuitries, each of
which has switching elements connected in parallel, and
supplies power received from an external power supply to a
load, the control method comprising:

determining a number of the power supply circuitries

supplying power to the load according to a required
power level of the load; and

controlling the plurality of the power supply circuitries

separately based on the number of the power supply
circuitries,

wherein the determining includes determining the number

of the power supply circuitries such that the number of
the power supply circuitries supplying power to the
load decreases as the required power level is set to be
smaller,

wherein when the required power level of the load is equal

to or lower than %5 of the maximum value of a total
output power, the controlling includes controlling the
power supply circuit so that the number of the power
supply circuits supplying the power to the load is one,
wherein when the required power level of the load is
higher than V5 of the maximum value of the total output
power and is lower than %4 of the total output power, the
controlling includes controlling the power supply cir-
cuit so that the number of the power supply circuits
supplying the power to the load is two, and

wherein when the required power level of the load is

higher than %4 of the maximum value of the total output
power, the controlling includes controlling the power
supply circuit so that the number of the power supply
circuits supplying the power to the load is three.
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