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Description

Description

Technical Field

[0001] The present invention relates to a power supply
system and, more specifically, to a power supply system
for exchanging electric power between two DC power
sources and a load.

Background Art

[0002] Japanese Patent Laying-Open No.
2000-295715 (hereinafter referred to as PTL 1) describes
a power supply system for an electric vehicle in which
electric power is supplied from two DC power sources to
a load (vehicle driving electric motor). In PTL 1, two elec-
tric double layer capacitors are used as DC power sourc-
es. It is described that an operation mode is provided in
which the two electric double layer capacitors are con-
nected in parallel for supplying electric power to the load.
[0003] Japanese Patent Laying-Open No. 2008-54477
(hereinafter referred to as PTL 2) describes a voltage
converting device having a plurality of DC voltages as
inputs and outputting a plurality of DC voltages. In the
voltage converting device described in PTL 2, operation
modes are switched by switching connection between a
terminal of energy storage means (coil) and a plurality of
input potentials as well as a plurality of output potentials.
The operation modes include a mode in which two DC
power sources are connected in parallel for supplying
electric power to the load.
[0004] Further, Japanese Patent Laying-Open No.
2010-57288 (hereinafter referred to as PTL 3) describes
a configuration of an electric power supplying device in-
cluding first and second power storage units, provided
with a switch for switching series connection and parallel
connection between the power storage units. A further
power supply system is disclosed in JP2008131830.

Citation List

Patent Literature

[0005]

PTL 1: Japanese Patent Laying-Open No.
2000-295715
PTL 2: Japanese Patent Laying-Open No.
2008-54477
PTL 3: Japanese Patent Laying-Open No.
2010-57288

Summary of Invention

Technical Problem

[0006] In the configurations of PTLs 1 and 2, it is pos-
sible to connect two DC power sources in parallel to sup-
ply electric power to the load. Series connection of the
two DC power sources, however, is not considered.
[0007] In the configuration of PTL3, series connection
and parallel connection of the first and second power
storage units are switched, to change the voltage to be
applied to an inverter that controls driving of a motor gen-
erator. Specifically, Patent Literature 3 does not consider
a DC voltage converting function with respect to an output
voltage from the series-connected or parallel-connected
power storage units.
[0008] Therefore, in the power supply system control-
ling an output power to a load in accordance with a volt-
age command value, it may be impossible to effectively
use the two DC power sources in the configurations de-
scribed in PTLs 1 to 3.
[0009] The present invention was made to solve the
above-described problem, and its object is to provide a
configuration of a power supply system including two DC
power sources allowing effective use of the two DC power
sources while controlling the output voltage to the load.

Solution to Problem

[0010] The invention provides a power supply system
according to claim 1. Preferred embodiments are defined
in the dependent claims.
[0011] According to an aspect, the present invention
provides a power supply system, including: a first DC
power source; a second DC power source; and a power
converter configured to include a plurality of switching
elements. The power converter executes DC voltage
conversion between the first and second DC power
sources and a power line electrically connected to a load,
so as to control an output voltage on the power line. The
power converter is configured to be switchable, by con-
trolling the plurality of switching elements, between a first
operation mode in which the DC voltage conversion is
executed with the first and second DC power sources
electrically connected in parallel with the power line and
a second operation mode in which the DC voltage con-
version is executed with the first and second DC power
sources electrically connected in series with the power
line.
[0012] Preferably, the plurality of switching elements
include first to fourth switching elements, and the voltage
converter includes first and second reactors. The first
switching element is electrically connected between the
power line and a first node. The second switching ele-
ment is electrically connected between a second node
and the first node. The third switching element is electri-
cally connected between a third node electrically con-
nected to a positive terminal of the second DC power
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source and the second node. The fourth switching ele-
ment is electrically connected between a negative termi-
nal of the second DC power source and the third node.
The first reactor is electrically connected between the
second node and a positive terminal of the first DC power
source. The second reactor is electrically connected be-
tween the first node and the positive terminal of the sec-
ond DC power source.
[0013] More preferably, in the first operation mode, the
power converter controls on/off of the first to fourth
switching elements such that the first and third switching
elements turn on/off complementarily and the second
and fourth switching elements turn on/off complementa-
rily, in accordance with a logical sum of a first control
signal for the DC voltage conversion between the first
DC power source and the power line and a second control
signal for the DC voltage conversion between the second
DC power source and the power line.
[0014] Preferably, in the first operation mode, the pow-
er converter controls the DC voltage conversion between
one of the first and second DC power sources and the
power line such that the output voltage becomes equal
to a command voltage and controls the DC voltage con-
version between the other one of the first and second DC
power sources and the power line such that a current of
the other one of the DC power sources becomes equal
to a command current.
[0015] More preferably, in the second operation mode,
the power converter controls on/off of the first to fourth
switching elements such that the third switching element
is fixed on, while the second and fourth switching ele-
ments and the first switching element are turned on/off
complementarily in accordance with a control signal for
the DC voltage conversion between the series-connect-
ed first and second DC power sources and the power line.
[0016] Preferably, in the second operation mode, the
power converter controls the DC voltage conversion be-
tween the series-connected first and second DC power
sources and the power line such that the output voltage
becomes equal to a command voltage.
[0017] Preferably, each of the plurality of switching el-
ements is controlled in accordance with a logical sum of
a control signal for connecting the first and second DC
power sources in parallel or in series with the power line
and a control signal for the DC voltage conversion in the
first or second operation mode.
[0018] Preferably, the plurality of switching elements
include a switching element which is fixed on to connect
the first and second DC power sources in series in the
second operation mode and turned on/off in accordance
with a duty ratio for DC voltage conversion for controlling
the output voltage in the first operation mode.
[0019] Preferably, at least a part of the plurality of
switching elements are arranged to be included both in
a first power conversion path formed between the first
DC power source and the power line in the first operation
mode and in a second power conversion path formed
between the second DC power source and the power

line in the first operation mode.
[0020] More preferably, at least a part of the switching
elements are turned on/off in accordance with a logical
sum of a first control signal for the DC voltage conversion
between the first DC power source and the power line
and a second control signal for the DC voltage conversion
between the second DC power source and the power
line, in the first operation mode. At least a part of the
switching elements are classified to a switching element
which is fixed on to connect the first and second DC power
sources in series and switching elements which are
turned on/off in accordance with a duty ratio for DC volt-
age conversion for controlling the output voltage in the
second operation mode.
[0021] Preferably, the first and second DC power
sources have rated output voltages different from each
other. Alternatively, the first and second DC power sourc-
es have output energy densities different from each other
and output power densities different from each other.

Advantageous Effects of Invention

[0022] According to the present invention, by the con-
trol of a plurality of switching elements, it is possible to
switch between the operation mode in which DC voltage
conversion is executed between two series-connected
DC power sources and the load (series connection mode)
and the operation mode in which DC voltage conversion
is executed between two parallel-connected DC power
sources and the load (parallel connection mode). By the
switching between the series connection mode and the
parallel connection mode, it becomes possible to effec-
tively use the two DC power sources in consideration of
the efficiency of power supply system and the security
of output power, while controlling the output voltage to
the load.

Brief Description of Drawings

[0023]

Fig. 1 is a circuit diagram showing an exemplary con-
figuration of the power supply system in accordance
with an embodiment of the present invention.
Fig. 2 shows a configuration of a common step-up
chopper circuit.
Fig. 3 includes circuit diagrams illustrating an oper-
ation of the step-up chopper circuit shown in Fig. 2.
Fig. 4 includes circuit diagrams illustrating a first cir-
cuit operation in the parallel connection mode.
Fig. 5 includes circuit diagrams illustrating a second
circuit operation in the parallel connection mode.
Fig. 6 includes circuit diagrams illustrating recircula-
tion paths for reactors at the time of circuit operation
shown in Fig. 4.
Fig. 7 includes circuit diagrams illustrating recircula-
tion paths for reactors at the time of circuit operation
shown in Fig. 5.
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Fig. 8 includes circuit diagrams illustrating a circuit
operation in the series connection mode.
Fig. 9 includes circuit diagrams illustrating recircula-
tion paths for reactors at the time of circuit operation
shown in Fig. 8.
Fig. 10 includes circuit diagrams illustrating DC volt-
age conversion (step-up operation) for the first DC
power source in the parallel connection mode.
Fig. 11 includes circuit diagrams illustrating DC volt-
age conversion (step-up operation) for the second
DC power source in the parallel connection mode.
Fig. 12 includes circuit diagrams illustrating DC volt-
age conversion (step-up operation) in the series con-
nection mode.
Fig. 13 is a block diagram showing an equivalent
circuit viewed from the load side, in the parallel con-
nection mode.
Fig. 14 is a diagram of waveforms representing an
exemplary operation for controlling the first power
source.
Fig. 15 is a diagram of waveforms representing an
exemplary operation for controlling the second pow-
er source.
Fig. 16 shows an exemplary configuration of a con-
trol block for a power source operating as a voltage
source.
Fig. 17 shows an exemplary configuration of a con-
trol block for a power source operating as a current
source.
Fig. 18 is a table showing settings of various control
data in the parallel connection mode.
Fig. 19 is a block diagram showing an equivalent
circuit viewed from the load side in the series con-
nection mode.
Fig. 20 is a diagram of waveforms representing an
exemplary control operation in the series connection
mode.
Fig. 21 shows an exemplary configuration of a power
source control block in the series connection mode.
Fig. 22 is a table showing settings of various control
data in the series connection mode.
Fig. 23 is a circuit diagram showing an exemplary
configuration of a power supply system to which the
power supply system in accordance with an embod-
iment of the present invention is applied.
Fig. 24 is a diagram of waveforms representing an
exemplary control operation in the parallel connec-
tion mode in the power supply system shown in Fig.
23.
Fig. 25 is a diagram of waveforms representing an
exemplary control operation in the series connection
mode in the power supply system shown in Fig. 23.
Fig. 26 is a circuit diagram showing a configuration
of the power supply system in accordance with a
modification of an embodiment of the present inven-
tion.
Fig. 27 is a circuit diagram showing a configuration
of a bridge type converter incorporated in the power

supply system shown in Fig. 26.
Fig. 28 is a table representing a switching operation
in the direct voltage up/ down mode of the bridge
type converter.
Fig. 29 is a table representing a switching operation
in the indirect voltage up/ down mode of the bridge
type converter.
Fig. 30 is a diagram of waveforms representing duty
control in the power supply system in accordance
with a modification of an embodiment of the present
invention.
Fig. 31 is a table representing on/off control of the
switching elements in the parallel connection mode
in the direct voltage up/down mode of the power sup-
ply system in accordance with a modification of an
embodiment of the present invention.
Fig. 32 is a table representing on/off control of the
switching elements in the series connection mode in
the direct voltage up/down mode of the power supply
system in accordance with a modification of an em-
bodiment of the present invention.
Fig. 33 is a table representing on/off control of the
switching elements in the parallel connection mode
in the indirect voltage up/down mode of the power
supply system in accordance with a modification of
an embodiment of the present invention.
Fig. 34 is a table representing on/off control of the
switching elements in the series connection mode in
the indirect voltage up/down mode of the power sup-
ply system in accordance with a modification of an
embodiment of the present invention.

Description of Embodiments

[0024] In the following, embodiments of the present
invention will be described in detail with reference to the
figures. In the figures, the same or corresponding por-
tions are denoted by the same reference characters and,
basically, description thereof will not be repeated.

(Circuit Configuration)

[0025] Fig. 1 is a circuit diagram showing an exemplary
configuration of the power supply system in accordance
with an embodiment of the present invention.
[0026] Referring to Fig. 1, a power supply system 5
includes DC power sources 10 and 20, a load 30, and a
power converter 50. In the present embodiment, DC pow-
er source 10 is formed, for example, by a secondary bat-
tery such as a lithium ion secondary battery or a nickel
hydride battery. On the other hand, DC power source 20
is formed of a DC voltage source element having superior
output characteristic such as an electric double-layer ca-
pacitor or a lithium ion capacitor. DC power sources 10
and 20 correspond to the "first DC power source" and
the "second DC power source," respectively.
[0027] Power converter 50 is connected between DC
power sources 10 and 20 and load 30. Power converter
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50 is configured to control a DC voltage (hereinafter also
referred to as output voltage Vo) on a power line PL con-
nected to load 30 in accordance with a voltage command
value.
[0028] Load 30 operates receiving the output voltage
Vo of power converter 50. The voltage command value
of output voltage Vo is set to a value appropriate for the
operation of load 30. The voltage command value may
be variably set in accordance with the state of load 30.
Load 30 may be configured to be able to generate charg-
ing power for charging DC power sources 10 and 20.
[0029] Power converter 50 includes power semicon-
ductor switching elements S1 to S4, and reactors L1 and
L2. In the present embodiment, as the power semicon-
ductor switching element (herein after also simply re-
ferred to as "switching element"), an IGBT (Insulated
Gate Bipolar Transistor), power MOS (Metal Oxide Sem-
iconductor) transistor or a power bipolar transistor may
be used. For switching elements S1 to S4, anti-parallel
diodes D1 to D4 are arranged. Further, switching ele-
ments S1 to S4 can be on/off controlled in response to
a control signal, not shown.
[0030] Switching element S1 is electrically connected
between a power line PL and a node N1. Reactor L2 is
connected between node N1 and a positive terminal of
DC power source 20. Switching element S2 is electrically
connected between nodes N1 and N2. Reactor L1 is con-
nected between node N2 and a positive terminal of DC
power source 10. Switching element S3 is electrically
connected between nodes N2 and N3. Switching element
S4 is electrically connected between node N3 and a
ground line GL. Ground line GL is electrically connected
to load 30 and a negative terminal of DC power source 10.
[0031] Power converter 50 shown in Fig. 1 is config-
ured to include a step-up chopper circuit for each of DC
power sources 10 and 20.
[0032] Fig. 2 shows a configuration of a common step-
up chopper circuit.
[0033] Referring to Fig. 2, a step-up chopper circuit
CHP has an upper arm switching element Su (hereinafter
also referred to as an upper arm element), a lower arm
switching element S1 (hereinafter also referred to as a
lower arm element), and a reactor L.
[0034] Reactor L is electrically connected to a node
between upper arm element Su and lower arm element
S1 and a positive terminal of a DC power source PS.
Upper arm element Su and lower arm element S1 are
connected in series between power line PL and ground
line GL. In step-up chopper circuit CHP, an on-period of
upper arm element Su (lower arm element S1 is off) and
an on-period of lower arm element S1 (upper arm ele-
ment Su is off) are provided alternately.
[0035] As shown at (a) of Fig. 3, in the on-period of
lower arm element S1, a current path 101 passing
through DC power source PS-reactor L-switching ele-
ment S1 is formed. Thus, energy is stored in reactor L.
[0036] On the other hand, as shown at (b) of Fig. 3, in
the on-period of upper arm element Su in which lower

arm element S1 is off, a current path 102 through DC
power source PS-reactor L-upper arm element Su-load
LD is formed. Thus, the energy stored in reactor L during
the on-period of lower arm element S1 and the energy
from DC power source PS are supplied to load LD. Thus,
the output voltage to load LD is made higher than the
output voltage of DC power source PS.
[0037] Further, as the upper arm element Su is turned
on in the off-period of lower arm element S1, electric pow-
er can be exchanged bi-directionally with load LD. Par-
ticularly, it becomes possible to receive regenerative cur-
rent from load LD while controlling output voltage Vo,
without necessitating switching of control with respect to
the current direction between power converter 50 and
load LD.
[0038] The voltage conversion ratio (step-up ratio) of
step-up chopper circuit CHP is known to be expressed
by Equation (1) below, using voltage Vi of DC power
source PS, output voltage VH to load LD and duty ratio
DT of the lower arm element. Here, the duty ratio DT is
defined by the ratio of on-period of lower arm element to
the switching period in which the upper and lower arm
elements are turned on/off alternately. 

[0039] Power converter 50 is characterized in that it is
switched between the parallel connection mode in which
parallel-connected DC power sources 10 and 20 ex-
change electric power to/from load 30 and the series con-
nection mode in which series-connected DC power
sources 10 and 20 exchange electric power to/from load
30, by the control of switching elements S1 to S4.
[0040] In the parallel connection mode, DC voltage
conversion for controlling output voltage Vo of power line
PL is executed with DC power sources 10 and 20 con-
nected in parallel. In the series connection mode, DC
voltage conversion for controlling output voltage Vo of
power line PL is executed with DC power sources 10 and
20 connected in series. The parallel connection mode
corresponds to the "first operation mode" and the series
connection mode corresponds to the "second connection
mode."

(Basic Circuit Operation in Each Operation Mode)

[0041] Basic circuit operation in each operation mode
of power converter 50 will be described. First, the oper-
ation in the parallel connection mode of power converter
50 will be described.
[0042] Again referring to Fig. 1, between DC power
source 10 and power line PL, a first step-up chopper cir-
cuit, having upper arm element Su of Fig. 2 formed by
switching elements S1 and S2 and lower arm element
S1 of Fig. 2 formed by switching elements S3 and S4, is
provided.
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[0043] Similarly, between DC power source 20 and
power line PL, a second step-up chopper circuit, having
lower arm element S1 of Fig. 2 formed by switching ele-
ments S2 and S3 and upper arm element Su of Fig. 2
formed by switching elements S1 and S4, is provided.
[0044] In this manner, both the first and second step-
up chopper circuits are formed by switching elements S1
to S4. In other words, it is understood that each of the
switching elements S1 to S4 is arranged to be included
in the power conversion path of power source 10 and
power line PL realized by the first step-up chopper circuit
and the power conversion path between DC power
source 20 and power line PL realized by the second chop-
per circuit.
[0045] As shown in Figs. 4 and 5, by turning on the
switching element S4 or S2, it is possible to connect DC
power sources 10 and 20 in parallel with power line PL.
Here, in the parallel connection mode, equivalent circuit
will differ depending on which is higher between the volt-
age V[1] of DC power source 10 and the voltage V[2] of
DC power source 20.
[0046] As shown at (a) of Fig. 4, when V[2] > V[1], by
turning on the switching element S4, DC power sources
10 and 20 are connected in parallel through switching
elements S2 and S3. The equivalent circuit at this time
is as shown at (b) of Fig. 4.
[0047] Referring to (b) of Fig. 4, between DC power
source 10 and power line PL, by on/off control of switch-
ing element S3, the on-period of lower arm element and
the on-period of upper arm element shown at (a) and (b)
of Fig. 3 can be formed alternately. Similarly, between
DC power source 20 and power line PL, by common
on/off control of switching elements S2 and S3, the on-
period of lower arm element and the on-period of upper
arm element shown at (a) and (b) of Fig. 3 can be formed
alternately. Switching element S1 operates as a switch
for controlling regeneration from load 30.
[0048] On the other hand, as shown at (a) of Fig. 5,
when V[1] > V[2], by turning on the switching element
S2, DC power sources 10 and 20 are connected in par-
allel through switching elements S3 and S4. The equiv-
alent circuit at this time is as shown at (b) of Fig. 5.
[0049] Referring to (b) of Fig. 5, between DC power
source 20 and power line PL, by on/off control of switch-
ing element S3, the on-period of lower arm element and
the on-period of upper arm element shown at (a) and (b)
of Fig. 3 can be formed alternately. Similarly, between
DC power source 10 and power line PL, by common
on/off control of switching elements S3 and S4, the on-
period of lower arm element and the on-period of upper
arm element shown at (a) and (b) of Fig. 3 can be formed
alternately. Switching element S1 operates as a switch
for controlling regeneration from load 30.
[0050] In the circuit operation shown in Figs. 4 and 5,
a path for discharging the energy stored in reactors L1
and L2 must be provided in any situation. The reason for
this is that when the reactors through which different cur-
rents are flowing are connected in series through a

switching element, relation between the stored energy
and the current contradicts, possibly resulting in gener-
ation of a spark and eventually in circuit breakdown.
Therefore, it is necessary to always provide recirculation
paths for discharging the energy stored in reactors L1
and L2 in the circuit.
[0051] Fig. 6 shows recirculation paths for reactors at
the time of circuit operation shown in Fig. 4 (parallel con-
nection mode with V[2] > V[1]). Fig. 6 shows a recircula-
tion path for reactor L1 at (a), and a recirculation path for
reactor L2 at (b).
[0052] Referring to (a) of Fig. 6, in the equivalent circuit
shown at (b) of Fig. 4, the current of reactor L1 in the
power running state can be re-circulated through a cur-
rent path 102 passing through diodes D2 and D1, power
line PL, load 30 and ground line GL. Further, the current
of reactor L1 in the regenerating state can be re-circulat-
ed through a current path 103 passing through a diode
D3. By current paths 102 and 103, the energy stored in
reactor L1 can be discharged.
[0053] Referring to (b) of Fig. 6, in the equivalent circuit
shown at (b) of Fig. 4, the current of reactor L2 in the
power running state can be re-circulated through a cur-
rent path 104 passing through diode D1, power line PL,
load 30 and ground line GL. Further, the current of reactor
L2 in the regenerating state can be re-circulated through
a current path 105 passing through diodes D3 and D2.
By current paths 104 and 105, the energy stored in re-
actor L2 can be discharged.
[0054] Fig. 7 shows recirculation paths for reactors at
the time of circuit operation shown in Fig. 5 (parallel con-
nection mode with V[1] > V[2]). Fig. 7 shows a recircula-
tion path for reactor L1 at (a) and a recirculation path for
reactor L2 at (b).
[0055] Referring to (a) of Fig. 7, in the equivalent circuit
shown at (b) of Fig. 5, the current of reactor L1 in the
power running state can be re-circulated through a cur-
rent path 106 passing through diode D1, power line PL,
load 30 and ground line GL. Further, the current of reactor
L1 in the regenerating state can be re-circulated through
a current path 107 passing through diodes D4 and D3.
By current paths 106 and 107, the energy stored in re-
actor L1 can be discharged.
[0056] Referring to (b) of Fig. 7, in the equivalent circuit
shown at (b) of Fig. 5, the current of reactor L2 in the
power running state can be re-circulated through a cur-
rent path 108 passing through diode D1, power line PL,
load 30, ground line GL and diode D4. Further, the current
of reactor L2 in the regenerating state can be re-circulat-
ed through a current path 109 passing through diode D3.
By current paths 108 and 109, the energy stored in re-
actor L2 can be discharged.
[0057] As described above, in voltage converter 50, in
any operation state during the operation in parallel con-
nection mode, the recirculation paths for discharging en-
ergy stored in reactors L1 and L2 are ensured.
[0058] Next, referring to Figs. 8 and 9, the operation
of power converter 50 in the series connection mode will
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be described.
[0059] As shown at (a) of Fig. 8, by fixing on the switch-
ing element S3, DC power sources 10 and 20 can be
connected in series to power line PL. The equivalent cir-
cuit at this time is as shown at (b) of Fig. 8.
[0060] Referring to (b) of Fig. 8, in the series connection
mode, between the series-connected DC power sources
10 and 20 and load 30, by common on/off control of
switching elements S2 and S3, the on-period of lower
arm element and the on-period of upper arm element
shown at (a) and (b) of Fig. 3 can be formed alternately.
Switching element S1, which is turned on in the off-period
of switching elements S2 and S3, operates as a switch
for controlling regeneration from load 30. Further, by
switching element S3 which is fixed on, a line 15 con-
necting reactor L1 to switching element S4 is equivalently
formed.
[0061] In the circuit operation shown in Fig. 8 also, re-
circulation paths for discharging energy stored in reactors
L1 and L2 must be provided, as described with reference
to Figs. 6 and 7.
[0062] Fig. 9 shows recirculation paths for reactors at
the time of circuit operation shown in Fig. 8 (series con-
nection mode). Fig. 9 shows a recirculation path in the
power running state at (a) and a recirculation path in the
regenerating state at (b).
[0063] Referring to (a) of Fig. 9, in the equivalent circuit
shown at (b) of Fig. 8, the current of reactor L1 in the
power running state can be re-circulated through a cur-
rent path 111 passing through line 15, diodes D2 and D1,
power line PL, load 30 and ground line GL. Further, the
current of reactor L2 in the power running state can be
re-circulated through a current path 112 passing through
diode D1, power line PL, load 30, diode D4 and line 15.
While switching elements S2 and S4 are turned on/off
simultaneously, the same current flows through reactors
L1 and L2 and, therefore, no current flows through line
15. As a result, no current flows through diodes D2 and
D4.
[0064] Referring to (b) of Fig. 9, in the equivalent circuit
shown at (b) of Fig. 8, the current of reactor L1 in the
regenerating state can be re-circulated through a current
path 113 passing through diode D4 and line 15. Similarly,
the current of reactor L2 in the regenerating state can be
re-circulated through a current path 114 passing through
diode D2 and line 15. While switching elements S2 and
S4 are turned on/off simultaneously, the same current
flows through reactors L1 and L2 and, therefore, the
same current flows through diodes D2 and D4. As a re-
sult, no current flows through line 15.
[0065] As described above, in voltage converter 50,
both in the power running state and the regenerating state
during the operation in series connection mode, the re-
circulation paths for discharging energy stored in reactors
L1 and L2 are ensured.
[0066] In the following, the specific DC voltage con-
verting operation by power converter 50 will be described
in detail. First, referring to Figs. 10 and 11, the voltage

boosting (step-up) operation in the parallel connection
mode will be described.
[0067] Fig. 10 shows DC voltage conversion (step-up
operation) for DC power source 10 in the parallel con-
nection mode.
[0068] Referring to (a) of Fig. 10, by turning on a pair
of switching elements S3 and S4 and by turning off a pair
of switching elements S1 and S2, a current path 120 for
storing energy in reactor L1 is formed. Thus, as at (a) of
Fig. 3, a state in which the lower arm element of step-up
chopper circuit is on is realized.
[0069] In contrast, referring to (b) of Fig. 10, by turning
on the pair of switching elements S1 and S2 and by turn-
ing off the pair of switching elements S3 and S4, a current
path 121 for outputting the energy stored in reactor L1
with the energy of DC power source 10 is formed. Thus,
as at (b) of Fig. 3, a state in which the upper arm element
of step-up chopper circuit is on is realized.
[0070] By alternately repeating the first period in which
the pair of switching elements S3 and S4 is on and at
least one of switching elements S1 and S2 is off and the
second period in which the pair of switching elements S1
and S2 is on and at least one of switching elements S3
and S4 is off, current path 120 of (a) of Fig. 10 and current
path 121 of (b) of Fig. 10 are formed alternately.
[0071] As a result, a step-up chopper circuit having the
pair of switching elements S1 and S2 as an equivalent
of upper arm element and the pair of switching elements
S3 and S4 as an equivalent of lower arm element is
formed for DC power source 10. In the DC voltage con-
verting operation shown in Fig. 10, there is no current
circulation path to DC power source 20 and, therefore,
DC power sources 10 and 20 do not interfere with each
other. Specifically, power input/output to and from DC
power sources 10 and 20 can be controlled independ-
ently.
[0072] In such DC voltage conversion, the relation rep-
resented by Equation (2) below holds between the volt-
age V[1] of DC power source 10 and the output voltage
Vo of power line PL. In Equation (2), Da represents the
duty ratio of the first period in which the pair of switching
elements S3 and S4 is on. 

[0073] Fig. 11 shows DC voltage conversion (step-up
operation) for DC power source 20 in the parallel con-
nection mode.
[0074] Referring to (a) of Fig. 11, by turning on a pair
of switching elements S2 and S3 and by turning off a pair
of switching elements S1 and S4, a current path 130 for
storing energy in reactor L2 is formed. Thus, as at (a) of
Fig. 3, a state in which the lower arm element of step-up
chopper circuit is on is realized.
[0075] In contrast, referring to (b) of Fig. 11, by turning
on the pair of switching elements S1 and S4 and by turn-
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ing off the pair of switching elements S2 and S3, a current
path 131 for outputting the energy stored in reactor L2
with the energy of DC power source 20 is formed. Thus,
as at (b) of Fig. 3, a state in which the upper arm element
of step-up chopper circuit is on is realized.
[0076] By alternately repeating the first period in which
the pair of switching elements S2 and S3 is on and at
least one of switching elements S1 and S4 is off and the
second period in which the pair of switching elements S1
and S4 is on and at least one of switching elements S2
and S3 is off, current path 130 of (a) of Fig. 11 and current
path 131 of (b) of Fig. 11 are formed alternately.
[0077] As a result, a step-up chopper circuit having the
pair of switching elements S1 and S4 as an equivalent
of upper arm element and the pair of switching elements
S2 and S3 as an equivalent of lower arm element is
formed for DC power source 20. In the DC voltage con-
verting operation shown in Fig. 11, there is no current
circulation path to DC power source 10 and, therefore,
DC power sources 10 and 20 do not interfere with each
other. Specifically, power input/output to and from DC
power sources 10 and 20 can be controlled independ-
ently.
[0078] In such DC voltage conversion, the relation rep-
resented by Equation (3) below holds between the volt-
age V[2] of DC power source 20 and the output voltage
Vo of power line PL. In Equation (3), Db represents the
duty ratio of the first period in which the pair of switching
elements S2 and S3 is on. 

[0079] Next, referring to Fig. 12, the DC voltage con-
version (step-up operation) in the series connection
mode will be described.
[0080] Referring to (a) of Fig. 12, switching element S3
is fixed on for connecting DC power sources 10 and 20
in series, the pair of switching elements S2 and S4 is
turned on and switching element S1 is turned off. As a
result, current paths 140 and 141 for storing energy in
reactors L1 and L2 are formed. As a result, for the series-
connected DC power sources 10 and 20, as at (a) of Fig.
3, a state in which the lower arm element of step-up chop-
per circuit is on is realized.
[0081] Referring to (b) of Fig. 12, while switching ele-
ment S3 is kept fixed on, the pair of switching elements
S2 and S4 is turned off and switching element S1 is turned
on, in contrast to (a) of Fig. 12. Thus, a current path 142
is formed. By current path 142, the sum of energy from
DC power sources 10 and 20 connected in series and
the energy stored in reactors L1 and L2 is output to power
line PL. As a result, for the series-connected DC power
sources 10 and 20, as at (b) of Fig. 3, a state in which
the upper arm element of step-up chopper circuit is on
is realized.
[0082] With switching element S3 kept fixed on, by al-

ternately repeating the first period in which the pair of
switching elements S2 and S4 is on and switching ele-
ment S1 is off and the second period in which switching
element S1 is on and at least one of switching elements
S2 and S4 is off, current paths 140 and 141 of (a) of Fig.
12 and current path 142 of (b) of Fig. 12 are formed al-
ternately.
[0083] In the DC voltage conversion in the series con-
nection mode, the relation represented by Equation (4)
below holds among the voltage V[1] of DC power source
10, the voltage V[2] of DC power source 20 and the output
voltage Vo of power line PL. In Equation (4), Dc repre-
sents the duty ratio of the first period in which the pair of
switching elements S2 and S4 is on. 

[0084] It is noted, however, that if V[1] and V[2] are
different or if reactors L1 and L2 have different induct-
ances, reactors L1 and L2 come to have different current
values at the end of operation shown at (a) of Fig. 12.
Therefore, immediately after the transition to the opera-
tion shown at (b) of Fig. 12, if the current of reactor L1 is
larger, a difference current flows through current path
143. If the current of reactor L2 is larger, a difference
current flows through current path 144.

(Specific Control Operation in Each Operation Mode)

[0085] Next, specific control operation in each opera-
tion mode of power converter 50 will be described. First,
referring to Figs. 13 to 18, the control operation in the
parallel connection mode will be described.
[0086] Fig. 13 shows an equivalent circuit viewed from
the load side, in the parallel connection mode.
[0087] Referring to Fig. 13, in the parallel connection
mode, a power source PS1 executing DC power conver-
sion between DC power source 10 and load 30 and a
power source PS2 executing DC power conversion be-
tween DC power source 20 and load 30 exchange power
with load 30 in parallel. Power source PS1 corresponds
to the step-up chopper circuit executing the DC voltage
converting operation shown in Fig. 10. Similarly, power
source PS2 corresponds to the step-up chopper circuit
executing the DC voltage converting operation shown in
Fig. 11.
[0088] Specifically, power source PS1 has the DC volt-
age converting function with the voltage conversion ratio
represented by Equation (2), between the voltage V[1]
of DC power source 10 and output voltage Vo. Similarly,
power source PS2 has the DC voltage converting func-
tion with the voltage conversion ratio represented by
Equation (3) between the voltage V[2] of DC power
source 20 and the output voltage Vo.
[0089] In the parallel connection mode, if common con-
trol (voltage control of output voltage Vo) is simultane-
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ously executed for both power sources, the power sourc-
es PS1 and PS2 come to be connected in parallel on the
side of the load and, therefore, there is a possibility of
circuit failure. Therefore, one of the power sources PS1
and PS2 operates as a voltage source controlling the
output voltage Vo. The other one of the power sources
PS1 and PS2 operates as a current source for regulating
the current of the power source to a current command
value. The voltage conversion ratio of each of the power
sources PS1 and PS2 is controlled such that the power
source operates as a voltage source or current source.
[0090] When the power sources are controlled such
that power source PS 1 operates as the current source
and the power source PS2 operates as the voltage
source, a relation represented by Equation (5) below
holds among electric power P[1] of DC power source 10,
electric power P[2] of DC power source 20, electric power
Po of load 30 and a current command value Ii* of the
current source. 

[0091] By setting the current command value Ii* such
that P* = V[1] x Ii* is kept constant in accordance with
the detected value of voltage V[1] of DC power source
10, the electric power P[1] of DC power source 10 forming
the current source can be regulated to the power com-
mand value Pi*.
[0092] In contrast, when the power sources are con-
trolled such that power source PS2 operates as the cur-
rent source and the power source PS1 operates as the
voltage source, a relation represented by Equation (6)
below holds. 

[0093] Similarly, the electric power P[2] of DC power
source 20 can also be regulated to the power command
value Pi*, by setting the current command value Ii* such
that P* = V[2] x Ii* is kept constant.
[0094] Fig. 14 is a diagram of waveforms representing
a specific exemplary operation for controlling power
source PS1 corresponding to DC power source 10.
[0095] Referring to Fig. 14, the duty ratio Da (see Equa-
tion (2)) of power source PS1 is calculated in accordance
with voltage feedback control (Fig. 16) for the operation
as the voltage source or in accordance with current feed-
back control (Fig. 17) for the operation as the current
source. In Fig. 14, a voltage signal representing the duty
ratio Da is represented by the same reference character
Da.
[0096] A control pulse signal SDa of power source PS1
is generated by pulse width modulation (PWM) control
based on a comparison between the duty ratio Da and a
periodical carrier signal 25. Generally, a triangular wave

is used for carrier signal 25. The period of carrier signal
25 corresponds to the switching frequency of each
switching element, and the amplitude of carrier signal 25
is set to a voltage that corresponds to Da = 1.0.
[0097] Control pulse signal SDa is set to a logic high
level (hereinafter denoted as H level) if the voltage indi-
cating the duty ratio Da is higher than the voltage of carrier
signal 25, and set to the logic low level (hereinafter de-
noted as L level) if the voltage is lower than the voltage
of carrier signal 25. A control pulse signal /SDa is an
inversion signal of control pulse signal SDa. When duty
ratio Da becomes higher, H level period of control pulse
signal SDa becomes longer. When duty ratio Da be-
comes lower, L level period of control pulse signal SDa
becomes longer.
[0098] Therefore, control pulse signal SDa corre-
sponds to the signal for controlling on/off of the lower arm
element of step-up chopper circuit shown in Fig. 10. Spe-
cifically, the lower arm element is turned on in the H level
period, and the lower arm element is turned off in the L
level period, of control pulse signal SDa. On the other
hand, control pulse signal /SDa corresponds to the signal
for controlling on/off of the upper arm element of step-up
chopper circuit shown in Fig. 10.
[0099] Fig. 15 is a diagram of waveforms representing
a specific exemplary operation for controlling power
source PS2 corresponding to DC power source 20.
[0100] Referring to Fig. 15, in power source PS2 also,
by the pulse width modulation control similar to that for
power source PS1, a control pulse signal SDb and its
inversion signal /SDb are generated, based on the duty
ratio Db (see Equation (3)). Specifically, when duty ratio
Db becomes higher, the H level period of control pulse
signal SDb becomes longer. On the contrary, when duty
ratio Db becomes lower, the L level period of control pulse
signal SDb becomes longer.
[0101] Therefore, control pulse signal SDb corre-
sponds to the signal for controlling on/off of the lower arm
element of step-up chopper circuit shown in Fig. 11. Con-
trol pulse signal /SDb corresponds to the signal for con-
trolling on/off of the upper arm element of step-up chop-
per circuit shown in Fig. 11.
[0102] Duty ratio Db is calculated in accordance with
current feedback control (Fig. 17) for the power source
PS2 to operate as a current source if power source PS1
operates as a voltage source. On the contrary, duty ratio
Db is calculated in accordance with voltage feedback
control (Fig. 16) for the power source PS2 to operate as
a voltage source if power source PS 1 operates as a
current source.
[0103] Fig. 16 shows an exemplary configuration of a
control block 201 for a power source operating as a volt-
age source.
[0104] Referring to Fig. 16, control block 201 generates
a duty ratio command value Dv for voltage control, in
accordance with a sum of a feedback control amount
obtained by PI (proportional integral) operation of the dif-
ference between voltage command value Vo* of output
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voltage Vo and output voltage Vo and a feed-forward
control amount DvFF. A transfer function Hv corresponds
to a transfer function of power source PS 1 or PS2 op-
erating as a voltage source.
[0105] Fig. 17 shows an exemplary configuration of a
control block 202 for a power source operating as a cur-
rent source.
[0106] Referring to Fig. 17, control block 202 generates
a duty ratio command value Di for current control, in ac-
cordance with a sum of a feedback control amount ob-
tained by PI (proportional integral) operation of a differ-
ence between the current command value Ii* and the
current Ii of current-controlled DC power source 10 or
20, and a feed-forward control amount DiFF. A transfer
function Hi corresponds to the transfer function of power
source PS2 or PS 1 operating as a current source.
[0107] Fig. 18 shows settings of various control data
in the parallel connection mode. The left column of the
table shown in Fig. 18 shows settings of various control
data when power source PS1 (DC power source 10) is
used as the current source and power source PS2 (DC
power source 20) is used as the voltage source.
[0108] Referring to the left side of Fig. 18, the duty ratio
command value Dv for voltage control is used as duty
ratio Db of power source PS2 (DC power source 20), and
duty ratio command value Di for current control is used
as duty ratio Da of power source PS1 (DC power source
10). The current Ii controlled by the current control is the
current I[1] of DC power source 10. The voltage controlled
by the voltage control is output voltage Vo, no matter
which of power sources PS1 and PS2 is used as the
voltage source.
[0109] The transfer function Hv in Fig. 16 corresponds
to the transfer function of step-up chopper circuit corre-
sponding to DC power source 20 shown in Fig. 11. Fur-
ther, the transfer function Hi in Fig. 17 corresponds to
the transfer function of step-up chopper circuit corre-
sponding to DC power source 10 shown in Fig. 10.
[0110] A feed-forward control amount DvFF in the volt-
age control is set in accordance with a voltage difference
between the output voltage Vo and the voltage V[2] of
DC power source 20, as represented by (7) below. Fur-
ther, a feed-forward control amount DiFF for the current
control is set in accordance with a voltage difference be-
tween the output voltage Vo and the voltage V[1] of DC
power source 10, as represented by (8) below. 

[0111] In accordance with the duty ratio Da (Da = Di),
control pulse signals SDa and /SDa shown in Fig. 14 are
generated. Similarly, in accordance with the duty ratio
Db (Db = Dv), control pulse signals SDb and /SDb shown

in Fig. 15 are generated.
[0112] Control signals SG1 to SG4 for controlling on/off
of switching elements S1 to S4, respectively, are set in
accordance with logical sum of control pulse signal for
current control of power source PS1 and control pulse
signal for voltage control of power source PS2.
[0113] Switching element S1 forms the upper arm el-
ement in each of the step-up chopper circuits shown in
Figs. 10 and 11. Therefore, control signal SG1 controlling
on/off of switching element S1 is generated by the logical
sum of control pulse signals /SDa and /SDb. Specifically,
control signal SG1 is set to the H level in a period in which
at least one of control pulse signals /SDa and /SDb is at
the H level. Control signal SG1 is set to the L level in a
period in which control pulse signals /SDa and /SDb are
both at the L level.
[0114] As a result, switching element S1 is on/off con-
trolled such that it realizes the function of upper arm el-
ement of step-up chopper circuit (DC power source 10)
shown in Fig. 10 as well as the function of upper arm
element of step-up chopper circuit (DC power source 20)
shown in Fig. 11.
[0115] Switching element S2 forms the upper arm el-
ement in step-up chopper circuit of Fig. 10 and forms the
lower arm element in step-up chopper circuit of Fig. 11.
Therefore, control signal SG2 controlling on/off of switch-
ing element S2 is generated in accordance with the log-
ical sum of control pulse signals /SDa and SDb. Specif-
ically, control signal SG2 is set to the H level in a period
in which at least one of control pulse signals /SDa and
SDb is at the H level. Control signal SG2 is set to the L
level in a period in which control pulse signals /SDa and
SDb are both at the L level. As a result, switching element
S2 is on/off controlled such that it realizes the function
of upper arm element of step-up chopper circuit (DC pow-
er source 10) of Fig. 10 as well as the function of lower
arm element of step-up chopper circuit (DC power source
20) of Fig. 11.
[0116] Similarly, control signal SG3 for switching ele-
ment S3 is generated in accordance with the logical sum
of control pulse signals SDa and SDb. Thus, switching
element S3 is on/off controlled such that it realizes the
function of lower arm element of step-up chopper circuit
(DC power source 10) of Fig. 10 as well as the function
of lower arm element of step-up chopper circuit (DC pow-
er source 20) of Fig. 11.
[0117] Further, control signal SG4 for switching ele-
ment S4 is generated in accordance with the logical sum
of control pulse signals SDa and /SDb. Thus, switching
element S4 is on/off controlled such that it realizes the
function of lower arm element of step-up chopper circuit
(DC power source 10) of Fig. 10 as well as the function
of upper arm element of step-up chopper circuit (DC pow-
er source 20) of Fig. 11.
[0118] The right column of the table shown in Fig. 18
shows settings of various control data when power
source PS 1 (DC power source 10) is used as a voltage
source and power source PS2 (DC power source 20) is
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used as a current source.
[0119] Referring to the right column of Fig. 18, the duty
ratio command value Dv for voltage control is used as
the duty ratio Da for power source PS1 (DC power source
10), and the duty ratio command value Di for current con-
trol is used as the duty ratio Db for power source PS2
(DC power source 20). The current Ii controlled by the
current control is the current I[2] of DC power source 20.
The voltage controlled by the voltage control is the output
voltage Vo.
[0120] The transfer function Hv in Fig. 16 corresponds
to the transfer function of step-up chopper circuit corre-
sponding to DC power source 10 shown in Fig. 10. Fur-
ther, transfer function Hi in Fig. 17 corresponds to the
transfer function of step-up chopper circuit correspond-
ing to DC power source 20 shown in Fig. 11.
[0121] The feed-forward control amount DvFF in the
voltage control is set in accordance with a voltage differ-
ence between the output voltage Vo and the voltage V[1]
of DC power source 10 as represented by (9) below. Fur-
ther, the feed-forward control amount DiFF in the current
control is set in accordance with a voltage difference be-
tween the output voltage Vo and the voltage V[2] of DC
power source 20. 

[0122] In accordance with the duty ratio Da (Da = Dv),
the control pulse signals SDa and / SDa shown in Fig.
14 are generated. Similarly, in accordance with the duty
ratio Db (Db = Di), the control pulse signals SDb and
/SDb shown in Fig. 15 are generated.
[0123] Control signals SG1 to SG4 for controlling on/off
of switching elements S1 to S4, respectively, are set in
accordance with logical sum of control pulse signal for
voltage control of power source PS 1 and control pulse
signal for current control of power source PS2. Therefore,
control signals SG1 to SG4 for switching elements S1 to
S4 are generated in the same manner as indicated on
the left column of Fig. 18.
[0124] In the parallel connection mode, control signals
SG2 and SG4 are set to complementary levels and,
therefore, switching elements S2 and S4 are turned
on/off in complementary manner. Accordingly, the oper-
ation when V[2] > V[1] shown in Fig. 4 and the operation
when V[1] > V[2] shown in Fig. 5 are switched naturally.
Further, in each operation, switching elements S1 and
S3 are switched complementarily and, therefore, DC volt-
age conversion in accordance with the duty ratios Da and
Db can be executed in power sources PS 1 and PS2,
respectively.
[0125] Next, using Figs. 19 to 22, the control operation
in the series connection mode will be described.

[0126] Fig. 19 shows an equivalent circuit viewed from
the load side in the series connection mode.
[0127] Referring to Fig. 19, in the series connection
mode, power sources PS1 and PS2 are connected in
series to load 30. Therefore, the current flowing through
power sources PS1 and PS2 is common. Accordingly, in
order to control output voltage Vo, it is necessary that
power sources PS1 and PS2 are commonly voltage-con-
trolled.
[0128] Series-connected power sources PS1 and PS2
correspond to the step-up chopper circuit executing the
DC voltage converting operation shown in Fig. 12. Spe-
cifically, power sources PS1 and PS2 have a function of
Dc voltage conversion with the voltage conversion ratio
represented by Equation (4), between the sum of voltag-
es V[1] and V[2] of DC power sources 10 and 20 and the
output voltage Vo.
[0129] In the series connection mode, electric power
P[1] of DC power source 10 and electric power P[2] of
DC power source 20 cannot directly be controlled. Be-
tween electric power P[1] and voltage V[1] of DC power
source 10 and the electric power P[2] and voltage V[2]
of DC power source 20, a relation represented by Equa-
tion (11) below holds. It s noted that, as in the parallel
connection mode, the sum of electric powers P[1] and
P[2] constitutes the electric power Po of load 30 (Po =
P[1] + P[2]). 

[0130] Referring to Fig. 20, a duty ratio Dc (see Equa-
tion (4)) common to power sources PS1 and PS2 is cal-
culated by a voltage feedback control (Fig. 21) for the
operation of a voltage source. In Fig. 20, a voltage signal
representing the duty ratio Dc is denoted by the same
reference character Dc.
[0131] Control pulse signal SDc is generated by pulse
width modulation control similar to that shown in Figs. 14
and 15, based on the duty ratio Dc (see Equation (4)). A
control pulse signal /SDc is an inversion signal of control
pulse signal SDc. When duty ratio Dc becomes higher,
the H level period of control pulse signal SDc becomes
longer. On the contrary, when the duty ratio Dc becomes
lower, the L level period of control pulse signal SDc be-
comes longer.
[0132] Therefore, control pulse signal SDc corre-
sponds to the signal controlling on/off of the lower arm
element of step-up chopper circuit shown in Fig. 12. On
the other hand, control pulse signal /SDc corresponds to
the signal controlling on/off of the upper arm element of
step-up chopper circuit shown in Fig. 12.
[0133] Fig. 21 shows an exemplary configuration of a
control block 203 in the series connection mode.
[0134] Referring to Fig. 21, control block 203 generates
a duty ratio command value Dv for voltage control, in
accordance with a sum of feedback control amount ob-
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tained by PI (proportional integral) operation of a differ-
ence between the voltage command value Vo* of the
output voltage Vo and the output voltage Vo and a feed-
forward control value DvFF. The transfer function Hv cor-
responds to the transfer function of series-connected
power sources PS1 and PS2.
[0135] Fig. 22 shows settings of various control data
in the series connection mode.
[0136] Referring to Fig. 22, the duty ratio command
value Dv for voltage control shown in Fig. 21 is used as
the duty ratio Dc. The voltage controlled by the voltage
control is the output voltage Vo. The transfer function Hv
in Fig. 21 corresponds to the transfer function of step-up
chopper circuit shown in Fig. 12. Further, feed-forward
control amount DvFF is set in accordance with a voltage
difference between the series-connected power source
voltages V[1] + V[2] and the output voltage Vo, as rep-
resented by Equation (12) below. 

[0137] In accordance with the duty ratio Dc (Dc = Dv),
control pulse signals SDc and /SDc shown in Fig. 20 are
generated.
[0138] Control signals SG1 to SG4 for controlling on/off
of switching elements S1 to S4, respectively, are set in
accordance with control pulse signals SDc and /SDc, for
controlling the step-up chopper circuit shown in Fig. 12.
[0139] In the series connection mode, by fixing on the
switching element S3, DC power sources 10 and 20 are
connected in series. Therefore, control signal SG3 is
fixed at the H level.
[0140] Switching element S1 forms the upper arm el-
ement in the step-up chopper circuit shown in Fig. 12.
Therefore, control pulse signal /SDc is used as control
signal SG1. Further, switching elements S2 and S4 form
the lower arm element in the step-up chopper circuit of
Fig. 12. Therefore, control pulse signal SDc is used as
control signals SG2 and SG4.
[0141] Next, an exemplary configuration and operation
of the power supply system, to which power supply sys-
tem 5 of the present embodiment is specifically applied,
will be described.
[0142] Fig. 23 is a circuit diagram showing an exem-
plary configuration of a power supply system to which
the power supply system in accordance with an embod-
iment of the present invention is applied.
[0143] Referring to Fig. 23, a battery assembly having
a plurality of battery cells connected in series is used as
DC power source 10. Further, a plurality of series-con-
nected electric double-layer capacitors is used as DC
power source 20. Further, between power line PL to
which a DC voltage from power converter 50 is output
and ground line GL, a smoothing capacitor 35 is provided.
[0144] Load 30 includes a three-phase inverter 31 for
converting DC voltage Vo on power line PL to a three-

phase AC voltage, and a motor generator 32 receiving
the three-phase AC voltage from three-phase inverter 31
for operation. By way of example, motor generator 32 is
formed by a traction motor mounted, for example, on an
electric vehicle or a hybrid vehicle. Specifically, motor
generator 32 executes power regeneration at the time of
deceleration of an electric vehicle or a hybrid vehicle.
When motor generator 32 operates to generate power,
three-phase inverter 31 converts the three-phase AC
electric power generated by motor generator 32 to DC
electric power and outputs it to power line PL. By the DC
electric power, DC power source 10 and/or DC power
source 20 can be charged.
[0145] In the exemplary configuration of Fig. 23, it is
preferred that DC power source 10 formed of a secondary
battery is used as a main power supply source, and DC
power source 20 formed of electric double-layer capac-
itors is used as a sub power supply source. Therefore,
in the parallel connection mode, in order to prevent over-
charge or over-discharge of secondary battery by con-
trolling electric power of DC power source 10, DC power
source 10 is subjected to current control. DC power
source 20 is subjected to voltage control.
[0146] Fig. 24 shows an exemplary control operation
in the parallel connection mode.
[0147] Referring to Fig. 24, in the parallel connection
mode, output voltage Vo is maintained at voltage com-
mand value Vo* by the voltage control and current control
shown in Figs. 16 and 17. Assume that between time
points t1 and t2, electric power Po is consumed by load
30 (motor generator 32).
[0148] Here, the electric power P[1] of DC power
source 10 subjected to current control is regulated sub-
stantially at a constant value in accordance with the cur-
rent command value I* (power command value). Further,
the voltage V[1] of DC power source 10 formed of sec-
ondary battery does not significantly change in a short
time period.
[0149] Since DC power source 20 is subjected to volt-
age control, electric power covering shortage of electric
power P[1] of DC power source 10 for the electric power
Po of load 30 is supplied from DC power source 20, so
as to maintain the output voltage Vo at the voltage com-
mand value Vo*.
[0150] The voltage V[2] of DC power source 20 formed
of electric double layer capacitors changes with high sen-
sitivity in accordance with charge/discharge. Specifically,
it is known that a relation Ec = (1/2) x C x Vc xVc holds
among electric energy Ec of electric double layer capac-
itor, capacitance C of the capacitor and the voltage Vc
of the capacitor. Therefore, as the electric power P[2]
(P[2] = Po - P[1]) is output from DC power source 20, the
electric power P[2] of DC power source 20 decreases.
[0151] In this manner, in the parallel connection mode,
the output voltage Vo is controlled in accordance with
the voltage command value Vo*, and electric power can
be exchanged between load 30 and DC power sources
10 and 20 in parallel. Therefore, even if it is difficult to
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ensure the output from one DC power source (for exam-
ple, when the temperature is very low), the energy nec-
essary for load 30 can be supplied. Further, since electric
powers of DC power sources 10 and 20 can be controlled
independently, the electric power of each of DC power
sources 10 and 20 can more precisely be managed. Spe-
cifically, each of DC power sources 10 and 20 can be
used with higher safety. Further, since DC power sources
10 and 20 can be controlled independently, it becomes
possible to exchange electric power between DC power
sources 10 and 20. As a result, it is possible, for example,
to precharge one of the DC power sources 10 and 20
using the other one of the power sources, through power
line PL before starting the operation of load 30.
[0152] Though not shown, in the regenerative state
with load 30 (motor generator 32) generating electric
power, electric power distribution control to maintain the
electric power P[1] charged to DC power source 10 at a
constant value by current control and to receive remain-
ing electric power by DC power source 20 can be realized
simultaneously with the control of output voltage Vo.
[0153] Fig. 25 shows an exemplary control operation
in the series connection mode. In Fig. 25 also, it is as-
sumed that between time points t1 and t2, electric power
Po is consumed by load 30 (motor generator 32).
[0154] Referring to Fig. 25, in the series connection
mode, the current of DC power sources 10 and 20 is
common. Therefore, as represented by Equation (11),
between DC power sources 10 and 20, the ratio between
powers P[1] and P[2] is determined in accordance with
the ratio of voltages V[1] and V[2].
[0155] Between time points t1 and t2, the voltage V[2]
of DC power source 20 formed of capacitors significantly
lowers as the energy is discharged. Therefore, voltage
control takes place such that electric power P[1] of DC
power source 10 increases as the voltage V[2] of DC
power source 20 decreases. Consequently, even in the
period between t1 and t2, the output voltage Vo can be
maintained at the voltage command value Vo*.
[0156] As shown in Fig. 25, since DC power sources
10 and 20 are connected in series, it becomes possible
to use up the energy stored in one of the DC power sourc-
es (DC power source 20). The reason for this is that since
the duty ratio Dc in the series connection mode is set in
accordance with the ratio of voltages V[1]+V[2] to the
output voltage Vo, its value will not be very large even if
the voltage of one of the DC power sources decreases.
[0157] In contrast, in the parallel connection mode, the
duty ratios Da and Db are set in accordance with the ratio
of output voltage Vo to voltage V[1] or V[2]. Therefore, if
the voltage of one DC power source lowers, it will be a
value close to 1.0. In actual control of a step-up chopper
circuit, a dead time must be provided to reliably prevent
the upper and lower arm elements from being simulta-
neously turned on. Therefore, practically possible duty
ratios Da and Db each have an upper limit. Therefore,
where only the parallel mode is available, the voltage
control fails if the voltage of one of the DC power sources

lowers to a certain level. Specifically, from the viewpoint
of using up the energy stored in DC power sources 10
and 20, there is a limit in the parallel connection mode.
Therefore, from the viewpoint of using up the energy
stored in DC power sources 10 and 20, the series con-
nection mode is more advantageous than the parallel
connection mode.
[0158] Further, in the series connection mode, provid-
ed that the electric power Po of load 30 is the same, the
current flowing through switching elements S1 to S4 in
power converter 5 is lower than in the parallel connection
mode. The reason for this is that in the series connection
mode, DC voltage conversion of voltages V[1]+V[2] is
executed by the series connection, while in the parallel
connection mode, the sum of current resulting from DC
voltage conversion of voltage V[1] and current resulting
from DC voltage conversion of voltage V[2] flows through
each of the switching elements. Therefore, in the series
connection mode, power loss at the switching elements
can be lowered and, hence, efficiency can be improved.
Further, in the series connection mode, it is possible to
control the output voltage Vo without any influence of
fluctuation in voltages V[1] and V[2] that occurs during
power exchange between load 30 and DC power sources
10 and 20.
[0159] As described above, in the power supply system
in accordance with the present embodiment, by control-
ling a plurality of switching elements S1 to S4, the mode
in which two DC power sources 10 and 20 are connected
in parallel and the mode in which the power sources are
connected in series can be used selectively. As a result,
it becomes possible to selectively use the parallel con-
nection having improved response to load power (supply
of electric power to be consumed and reception of gen-
erated electric power) and improved manageability of
electric power and the series connection having higher
efficiency and allowing higher usability of stored energy.
Therefore, the two DC power sources 10 and 20 can
effectively be utilized.

(Modification of Power Supply System)

[0160] Fig. 26 is a circuit diagram showing a configu-
ration of the power supply system in accordance with a
modification of an embodiment of the present invention.
[0161] Referring to Fig. 26, a power supply system 5#
in accordance with a modification of the embodiment dif-
fers from power supply system 5 shown in Fig. 1 in that
it includes a power converter 50# in place of power con-
verter 50. Different from power converter 50 shown in
Fig. 1, power converter 50# additionally includes switch-
ing elements S5 to S8. For switching elements S5 to S8,
corresponding anti-parallel diodes D5 to D8 are provided,
respectively.
[0162] Power converter 50# is a combination of power
converter 50 and a bridge type converter 55# shown in
Fig. 27.
[0163] Referring to Fig. 27, bridge type converter 55#
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has switching elements Sa to Sd for forming a full bridge,
connected between a DC power source and a load LD.
Switching element Sa forms an upper arm element on
the power source side, and switching element Sb forms
a lower arm element on the power source side. Switching
element Sc forms an upper arm element on the load side,
and switching element Sd forms a lower arm element on
the load side. Between a node of switching elements Sa
and Sb and a node of switching elements Sc and Sd, a
reactor L is electrically connected.
[0164] In bridge type converter 55#, it is possible to
selectively apply a direct voltage up/ down mode in which
switching can be controlled commonly in the voltage
boosting (step-up) operation (VH > Vi) and the voltage
lowering (step-down) operation (VH < Vi) from power
source PS to load LD and an indirect voltage up/down
mode in which the switching operation is changed in the
step-up operation and in the step-down operation.
[0165] Referring to Fig. 28, in the direct voltage
up/down mode, a pair of switching elements Sa and Sd
and a pair of switching elements Sb and Sc are turned
on/off alternately in complementary manner. Therefore,
if we represent the ratio of on-periods (duty ratio) of the
pair of switching elements Sa and Sd by D, the duty ratio
of the pair of switching elements Sb and Sc will be (1-D).
The voltage conversion ratio (VH/Vi) here is given as
D/(1-D) and, therefore, the voltage conversion by bridge
type converter 55# can be represented by Equation (13)
below. 

[0166] From Equation (13), it is understood that when
D < 0.5, VH < Vi (voltage lowered), and when D > 0.5,
VH > Vi (voltage boosted). Specifically, common switch-
ing control using duty ratio D can be applied both to step-
up and step-down operations.
[0167] Referring to Fig. 29, in the indirect voltage
up/down mode, the switching operation is changed at the
time of step-up and step-down.
[0168] At the time of step-up operation, in the arm on
the power source side, switching element Sa as the upper
arm element is fixed on, while switching element Sb as
the lower arm element is fixed off. In contrast, in the arm
on the load side, switching elements Sc and Sd are turned
on/off alternately in complementary manner. Therefore,
when we represent the duty ratio of switching element
Sd as the lower arm element by D, the duty ratio of switch-
ing element Sc as the upper arm element will be (1-D).
[0169] Accordingly, bridge type converter 55# oper-
ates as a step-up chopper circuit and, here the voltage
conversion ratio (VH/Vi) will be 1/(1-D). Specifically, volt-
age conversion by bridge type converter 55# for step-up
is given by Equation (14) below. 

[0170] In contrast, at the time of step-down operation,
in the arm on the load side, switching element Sc as the
upper arm element is fixed on and switching element Sd
as the lower arm element is fixed off. In the arm on the
power source side, switching elements Sa and Sb are
turned on/off alternately in complementary manner. If we
represent the duty ratio of switching element Sa as the
upper arm element by D, the duty ratio of switching ele-
ment Sb as the lower arm element is (1-D).
[0171] Accordingly, bridge type converter 55# comes
to operate as a step-down chopper circuit. Therefore, the
voltage conversion ratio (VH/Vi) at this time is D. Specif-
ically, the voltage conversion by bridge type converter
55# for step-down is given by Equation (15) below. 

[0172] In power supply system 5# in accordance with
a modification of the embodiment also, in each of the
direct voltage up/down mode and the indirect voltage
up/down mode, parallel connection mode and the series
selection mode can be switched.
[0173] In the parallel connection mode, as in power
supply system 5, one of DC power sources 10 and 20 is
subjected to voltage control and the other is subjected
to current control.
[0174] Again referring to Fig. 26, in the parallel con-
nection mode, for DC power source 10, a bridge type
converter is equivalently formed, in which switching ele-
ment S5 operates as the upper arm element on the power
source side (switching element Sa of Fig. 27), switching
element S6 operates as the lower arm element on the
power source side (switching element Sb of Fig. 27), the
pair of switching elements S1 and S2 operates as the
upper arm element on the load side (switching element
Sc of Fig. 27), and the pair of switching elements S3 and
S4 operates as the lower arm element on the load side
(switching element Sd of Fig. 27).
[0175] Similarly, for DC power source 20, a bridge type
converter is equivalently formed, in which switching ele-
ment S7 operates as the upper arm element on the power
source side (switching element Sa of Fig. 27), switching
element S8 operates as the lower arm element on the
power source side (switching element Sb of Fig. 27), the
pair of switching elements S1 and S4 operates as the
upper arm element on the load side (switching element
Sc of Fig. 27) and the pair of switching elements S2 and
S3 operates as the lower arm element on the load side
(switching element Sd of Fig. 27).
[0176] Referring to Fig. 30, in the parallel connection
mode, in accordance with the control block diagram of
Fig. 16 or 17, DC power source 10 is subjected to voltage
control or current control, whereby the duty ratio Da is
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calculated. When DC power source 10 is subjected to
voltage control, the duty ratio Da is the duty ratio com-
mand value Dv (Fig. 16) for voltage control, and duty ratio
Db is the duty ratio command value Di (Fig. 17) for current
control. On the contrary, when DC power source 20 is
subjected to the voltage control, the duty ratio Da is the
duty ratio command value Di (Fig. 17) for current control
and the duty ratio Db is the duty ratio command value Dv
(Fig. 16) for voltage control. Duty ratios Da and Db can
be calculated by PWM control similar to that described
with reference to Figs. 14 and 15.
[0177] Again referring to Fig. 26, in the series connec-
tion mode, switching element S3 is fixed on, so that DC
power sources 10 and 20 are connected in series. For
the series-connected DC power sources 10 and 20, a
bridge type converter is equivalently formed, in which
switching element S1 forms the upper arm element on
the load side, and switching elements S2 and S4 form
the lower arm element on the load side. As to the arms
on the power source side, switching elements S5 and S7
form the upper arm element and switching elements S6
and S8 form the lower arm element.
[0178] Again referring to Fig. 30, in the series connec-
tion mode, as in power supply system 5, series-connect-
ed DC power sources 10 and 20 are subjected to voltage
control. Specifically, the duty ratio Dc is calculated by
voltage-controlling the output voltage Vo in accordance
with the control block diagram of Fig. 21. The duty ratio
Dc corresponds to the duty ratio command value Dv of
Fig. 16. Duty ratio Dc can be calculated by PWM control
as described with reference to Fig. 20.
[0179] Next, the on/off control of switching elements in
the parallel connection mode and the series connection
mode in each of the direct voltage up/down mode and
the indirect voltage up/down mode will be described in
greater detail with reference to Figs. 31 to 34.
[0180] Fig. 31 shows on/off control of the switching el-
ements in the parallel connection mode in the direct volt-
age up/down mode.
[0181] As described above, among the switching ele-
ments S5 to S8 corresponding to the arm on the power
source side, switching elements S5 and S7 correspond
to the upper arm element and switching elements S6 and
S8 correspond to the lower arm element. Therefore,
switching elements S5 and S7 are controlled in the similar
manner as the on/off control of switching element Sa of
Fig. 28. Specifically, control signal SG5 for switching el-
ement S5 corresponds to the control pulse signal SDa
based on the duty ratio Da of DC power source 10.
[0182] Similarly, control signal SG7 for switching ele-
ment S7 corresponds to the control pulse signal SDb
based on the duty ratio Db of DC power source 20. Fur-
ther, regarding switching elements S6 and S8 corre-
sponding to the lower arm element, control signal SG6
for switching element S6 corresponds to the inversion
signal (/SDa) of control signal SG5, and control signal
SG8 for switching element S8 corresponds to the inver-
sion signal (/SDb) of control signal SG7.

[0183] In power supply system 5#, switching elements
S1 to S4 form the arms on the load side. Switching ele-
ment S1 forms the upper arm element on the load side,
in each of the bridge type converter corresponding to DC
power source 10 and the bridge type converter corre-
sponding to DC power source 20. Therefore, control sig-
nal SG1 for switching element S1 is generated in accord-
ance with the logical sum of the control signal SG6 (/SDa)
in accordance with the duty ratio (1-Da) on the side of
DC power source 10 and the control signal SG8 (/SDb)
in accordance with the duty ratio (1-Db) on the side of
DC power source 20. As a result, switching element S1
is on/off controlled such that it realizes the functions of
both the upper arm element on the load side of the bridge
type converter corresponding to DC power source 10 and
the upper arm element on the load side of the bridge type
converter corresponding to DC power source 20.
[0184] Switching element S2 forms the upper arm el-
ement in the bridge type converter corresponding to DC
power source 10, and forms the lower arm element in
the bridge type converter corresponding to DC power
source 20. Therefore, control signal SG2 for switching
element S2 is generated in accordance with the logical
sum of control signals SG6 (/SDa) and SG7 (SDb). As a
result, switching element S2 is on/off controlled such that
it realizes the functions of both the upper arm element
on the load side of the bridge type converter correspond-
ing to DC power source 10 and the lower arm element
on the load side of the bridge type converter correspond-
ing to DC power source 20.
[0185] Switching element S3 forms the lower arm ele-
ment on the load side in each of the bridge type convert-
ers corresponding to DC power sources 10 and 20, re-
spectively. Therefore, control signal SG3 for switching
element S3 is generated in accordance with the logical
sum of control signal SG5 (SDa) and SG7 (SDb). As a
result, switching element S3 is on/off controlled such that
it realizes the functions of both the lower arm element on
the load side of the bridge type converter corresponding
to DC power source 10 and the lower arm element on
the load side of the bridge type converter corresponding
to DC power source 20.
[0186] Switching element S4 forms the lower arm ele-
ment in the bridge type converter corresponding to DC
power source 10 and forms the upper arm element in the
bridge type converter corresponding to DC power source
20. Therefore, control signal SG4 for switching element
S4 is generated in accordance with the logical sum of
control signal SG5 (SDa) and SG8 (/SDb). As a result,
switching element S4 is on/off controlled such that it re-
alizes the functions of both the lower arm element on the
load side of bridge type converter corresponding to DC
power source 10 and the upper arm element on the load
side of bridge type converter corresponding to DC power
source 20.
[0187] By the on/off control shown in Fig. 31, in the
direct voltage up/down mode of power supply system 5#,
the parallel connection mode allowing power exchange
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between load 30 and DC power sources 10 and 20 in
parallel, as in power system 5, can be realized.
[0188] Fig. 32 shows on/off control of the switching el-
ements in the series connection mode in the direct volt-
age up/down mode.
[0189] Referring to Fig. 32, in the series connection
mode, regarding the arms on the power source side,
switching elements S5 and S7 form the upper arm ele-
ment, and switching elements S6 and S8 from the lower
arm element. Therefore, control signals SG5 and SG7
are set in the similar manner as control signal Sa shown
in Fig. 28, for controlling the upper arm element on the
power source side. Specifically, control signals SG5 and
SG7 correspond to the control signal SDc based on the
duty ratio Dc. Control signals SG6 and SG8 are set in
the similar manner as control signal Sb shown in Fig. 28,
for controlling the upper arm element on the power source
side. Specifically, control signals SG6 and SG8 corre-
spond to the control signal /SDc based on the duty ratio
(1-Dc).
[0190] On the other hand, regarding the arms on the
load side, switching element S3 is fixed on for connecting
DC power sources 10 and 20 in series. Specifically, con-
trol signal SG3 is fixed at the H level. Further, for the
series-connected DC power sources 10 and 20, switch-
ing element S1 forms the upper arm element and switch-
ing elements S2 and S4 form the lower arm element.
Therefore, control signal SG1 is set in the similar manner
as control signal Sc shown in Fig. 28, for controlling the
upper arm element on the load side. Specifically, control
signal SG1 corresponds to the control signal /SDc based
on the duty ratio (1-Dc). Further, control signals SG2 and
SG4 are set in the similar manner as control signal Sd
shown in Fig. 28, for controlling the lower arm element
on the load side. Specifically, control signals SG2 and
SG4 correspond to the control signal SDc based on the
duty ratio Dc.
[0191] By the on/off control shown in Fig. 32, in the
direct voltage up/down mode of power supply system 5#,
the series connection mode similar to power system 5
(power converter 50) can be realized.
[0192] Fig. 33 shows on/off control of the switching el-
ements in the parallel connection mode in the indirect
voltage up/down mode.
[0193] Referring to Fig. 33, in the indirect voltage
up/down mode, it is necessary to change the switching
control between the step-up and step-down operations.
Therefore, in the parallel connection mode, it is neces-
sary to switch among four different patterns of switching
control, based on the magnitudes of voltages V[1] and
V[2] and the output voltage Vo, in accordance with the
combinations of voltage up/down of DC power source 10
and voltage up/down of DC power source 20.
[0194] Switching elements S5 and S6 corresponding
to the arm on the power source side on the side of DC
power source 10 are controlled in the similar manner as
the on/off control of switching elements Sa and Sb shown
in Fig. 29, depending on whether the bridge type con-

verter corresponding to DC power source 10 operates to
step-up or step-down the voltage. Specifically, at the time
of step-up operation, control signal SG5 is fixed at the H
level and control signal SG6 is fixed at the L level. At the
time of step-down operation, control signal SG5 corre-
sponds to the control pulse signal SDa based on the duty
ratio Da of DC power source 10, and control signal SG6
correspond to the inversion signal (/SDa) of control signal
SG5.
[0195] Switching elements S7 and S8 corresponding
to the arm on the power source side on the side of DC
power source 20 are controlled in the similar manner as
the on/off control of switching elements Sa and Sb shown
in Fig. 29, depending on whether the bridge type con-
verter corresponding to DC power source 20 operates to
step-up or step-down the voltage. Specifically, at the time
of step-up operation, control signal SG7 is fixed at the H
level and control signal SG8 is fixed at the L level. At the
time of step-down operation, control signal SG7 corre-
sponds to the control pulse signal SDb based on the duty
ratio Db of DC power source 20, and control signal SG8
correspond to the inversion signal (/SDb) of control signal
SG7.
[0196] As described above, switching elements S1 to
S4 corresponding to the arms on the load side form the
upper or lower arm element of the bridge type converter
corresponding to DC power source 10 and the upper or
lower arm element of the bridge type converter corre-
sponding to DC power source 20. Therefore, these ele-
ments are on/off controlled such that the functions of both
the upper and lower arm elements are realized in respec-
tive converters, as described above.
[0197] By way of example, switching element S1 is
controlled in accordance with the logical sum of the con-
trol signal for the upper arm element (Sc) for the bridge
type converter corresponding to DC power source 10 and
the control signal for the upper arm element (Sc) for the
bridge type converter corresponding to DC power source
20. Specifically, if voltage is to be stepped-up for both of
DC power sources 10 and 20, control signal SG1 for
switching element S1 is set in accordance with the logical
sum of control signals /SDa and /SDb for the control in
accordance with duty ratios (1-Da), (1-Db) of switching
element Sc. In contrast, if the voltage is to be stepped-
up on the side of DC power source 10 and the voltage is
to be stepped-down on the side of DC power source 20,
control signal SG1 is set in accordance with the logical
sum of control signal /SDa and an H-level signal, to re-
alize both the control in accordance with the duty ratio
(1-Da) by switching element Sc on the step-up side and
the on-fixation by switching element Sc on the step-down
side.
[0198] Similarly, if the voltage is to be stepped-down
on the side of DC power source 10 and the voltage is to
be stepped-up on the side of DC power source 20, control
signal SG1 is set in accordance with the logical sum of
an H-level signal and control signal / SDb, to realize both
the on-fixation by switching element Sc on the step-down
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side and the control in accordance with duty ratio (1-Db)
by switching element Sc on the step-up side.
[0199] Further, if the voltage is to be stepped-down for
both of DC power sources 10 and 20, control signal SG1
is controlled in accordance with a logical sum of H-level
signals, to realize the on-fixation by switching element
Sc on the side of each of DC power sources 10 and 20.
[0200] Control signal SG2 for switching element S2 is
controlled in the similar manner as described in relation
to switching control signal SG1, in accordance with the
logical sum of the control signal (Fig. 29) of the upper
arm element (Sc) of bridge type converter corresponding
to DC power source 10 and the control signal (Fig. 29)
of the lower arm element (Sd) of bridge type converter
corresponding to DC power source 20. Similarly, control
signal SG3 is set in accordance with the logical sum of
the control signal (Fig. 29) of the lower arm element (Sd)
of bridge type converter corresponding to DC power
source 10 and the control signal (Fig. 29) of the lower
arm element (Sd) of bridge type converter corresponding
to DC power source 20. Control signal SG4 is set in ac-
cordance with the logical sum of the control signal (Fig.
29) of the lower arm element (Sd) of bridge type converter
corresponding to DC power source 10 and the control
signal (Fig. 29) of the upper arm element (Sc) of bridge
type converter corresponding to DC power source 20.
[0201] By the on/off control shown in Fig. 33, in the
indirect voltage up/down mode of power supply system
5#, the parallel connection mode allowing power ex-
change between load 30 and DC power sources 10 and
20 in parallel, as in power system 5, can be realized.
[0202] Fig. 34 shows on/off control of the switching el-
ements in the series connection mode in the indirect volt-
age up/down mode.
[0203] Referring to Fig. 34, in the series connection
mode, it is necessary to switch the voltage up (Vi <
Vo)/down (Vi > Vo) switching control, based on the mag-
nitude of the voltage (V[1] + V[2] = Vi) of series-connected
DC power sources 10 and 20 and the output voltage Vo.
[0204] At the time of step-up, for fixing on the switching
elements S5 and S7 forming the upper arm element on
the power source side, control signals SG5 and SG7 are
fixed at the H level in accordance with Fig. 29. Further,
for fixing off the switching elements S6 and S8 forming
the lower arm element of the power source side, control
signals SG6 and SG8 are fixed at the L level.
[0205] On the other hand, among switching elements
S1 to S4 forming the arms on the load side, switching
element S3 is fixed on to connect DC power sources 10
and 20 in series. As described above, in the converter
corresponding to the series-connected DC power sourc-
es 10 and 20, switching element S1 corresponds to the
upper arm element on the load side, and switching ele-
ments S2 and S4 correspond to the lower arm element
on the load side. Therefore, control signal SG1 for switch-
ing element S1 is set in accordance with the duty ratio
(1-Dc) (that is, control signal /SDc), similar to the control
signal Sc (for step-up) shown in Fig. 29. Further, control

signals SG2 and SG4 for switching elements S2 and S4
are set in accordance with the duty ratio Dc (that is, con-
trol signal SDc), similar to the control signal Sd (for step-
up) shown in Fig. 29.
[0206] At the time of step-down, switching elements
S5 and S7 forming the upper arm element on the power
source side are controlled in accordance with the duty
ratio Dc, similar to the switching element Sa shown in
Fig. 29. Specifically, control signals SG5 and SG7 cor-
respond to control signal SDc. Similarly, switching ele-
ments S6 and S8 forming the lower arm element on the
power source side are controlled in accordance with the
duty ratio (1-Dc), similar to the switching element Sb
shown in Fig. 29. Specifically, control signals SG6 and
SG8 correspond to control signal /SDc.
[0207] Among the switching elements S1 to S4 forming
the arms on the load side, switching element S3 is fixed
on to connect DC power sources 10 and 20 in series.
Control signal SG1 for controlling on/off of the upper arm
element is fixed at the H level, similar to the control signal
Sc (for step-down) shown in Fig. 29. Further, control sig-
nals SG2 and SG4 controlling on/off of the lower arm
element are fixed at the L level, similar to the control
signal Sd (for step-down) shown in Fig. 29.
[0208] By the on/off control shown in Fig. 34, in the
indirect voltage up/down mode of power supply system
5#, the series connection mode similar to power system
5 (power converter 50) can be realized.
[0209] As described above, in power supply system 5#
shown in Fig. 27, by controlling a plurality of switching
elements S1 to S4, the mode in which two DC power
sources 10 and 20 are connected in parallel and the mode
in which the power sources are connected in series can
be used selectively, as in power supply system 5.
[0210] In the present embodiment and in the modifica-
tion thereof, examples in which DC power sources of
different types, represented by the secondary battery and
the electric double-layer capacitor, are used as DC power
sources 10 and 20 have been described. By combining
DC power sources of different types, particularly sources
having different energy density and power density
(Ragone plot) for supplying electric power to the load, it
becomes easier to ensure electric power for the load over
a wide operational range, as the sources operate in mu-
tually good and poor performance ranges complemen-
tarily, particularly in the parallel connection mode. Fur-
ther, when two DC power sources having different output
voltages are combined, effective use of DC power sourc-
es is expected, because of the switching between the
series connection mode and the parallel connection
mode. It is noted, however, that the present invention is
applicable even if DC power sources 10 and 20 are the
power sources of the same rated voltage and/or power
sources of the same type. By way of example, the power
system of the present invention may suitably be used
when DC power sources of the same type are used as
a main power source and a sub power source.
[0211] Further, it is noted that load 30 may be config-
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ured by any device that operates with the controlled DC
voltage Vo. Specifically, though examples in which load
30 is a traction motor for running or an inverter mounted
on an electric vehicle or a hybrid vehicle have been de-
scribed in the embodiment above, application of the
present invention is not limited to such examples.

Industrial Applicability

[0212] The present invention is applicable to a power
supply system for exchanging electric power between a
load and two DC power sources.

Claims

1. A power supply system, comprising:

a first DC power source (10);
a second DC power source (20); and
a power converter (50), for executing DC voltage
conversion between said first and second DC
power sources and a power line (PL) electrically
connected to a load (30) so as to control an out-
put voltage (Vo) on said power line (PL) wherein
said power converter includes a plurality of
switching elements (S1-S4), and is configured
to be switchable, by controlling said plurality of
switching elements, between a first operation
mode in which said DC voltage conversion is
executed with said first and second DC power
sources electrically connected in parallel with
said power line and a second operation mode
in which the DC voltage conversion is executed
with said first and second DC power sources
electrically connected in series with said power
line, and said plurality of switching elements (S1-
S4) include
a first switching element (S1) electrically con-
nected between said power line (PL) and a first
node (N1),
a second switching element (S2) electrically
connected between a second node (N2) and
said first node (N1),
a third switching element (S3) electrically con-
nected between a third node (N3) electrically
connected to a negative terminal of said second
DC power source and said second node, and
a fourth switching element (S4) electrically con-
nected between a negative terminal of said first
DC power source and said third node,
characterised in that
said power converter (50) further includes
a first reactor (L1) electrically connected be-
tween said second node and a positive terminal
of said first DC power source, and
a second reactor (L2) electrically connected be-
tween said first node and the positive terminal

of said second DC power source.

2. The power supply system according to claim 1,
wherein
in said first operation mode, said power converter
(50) controls on/off of said first to fourth switching
elements (S1-S4) in accordance with a logical sum
of a first control signal (SDa, /SDa) for said DC volt-
age conversion between said first DC power source
(10) and said power line (PL) and a second control
signal (SDb, /SDb) for said DC voltage conversion
between said second DC power source (20) and said
power line.

3. The power supply system according to any one of
claims 1 to 2, wherein
in said first operation mode, said power converter
(50) controls said DC voltage conversion between
one of said first and second DC power sources (10,
20) and said power line (PL) such that said output
voltage (Vo) becomes equal to a command voltage
(Vo*) and controls said DC voltage conversion be-
tween the other one of said first and second DC pow-
er sources and said power line such that a current
(Ii) of said the other one of the DC power sources
becomes equal to a command current (Ii*).

4. The power supply system according to claim 1,
wherein
in said second operation mode, said power converter
(50) controls on/off of said first to fourth switching
elements (S1-S4) such that said third switching ele-
ment (S3) is fixed on, while said second and fourth
switching elements (S2, S4) and said first switching
element (S1) are turned on/off complementarily in
accordance with a control signal (SDc, /SDc) for said
DC voltage conversion between the series-connect-
ed first and second DC power sources (10, 20) and
said power line (PL).

5. The power supply system according to any one of
claims 1 and 4, wherein
in said second operation mode, said power converter
(50) controls said DC voltage conversion between
the series-connected first and second DC power
sources (10, 20) and said power line (PL) such that
said output voltage (Vo) becomes equal to a com-
mand voltage (Vo*).

6. The power supply system according to claim 1,
wherein
said plurality of switching elements (S1-S4) include
a switching element (S3) which is fixed on to connect
said first and second DC power sources in series in
said second operation mode and turned on/off in ac-
cordance with a duty ratio for DC voltage conversion
for controlling said output voltage (Vo) in said first
operation mode.
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7. The power supply system according to claim 1,
wherein
at least a part of said plurality of switching elements
(S1-S4) are arranged to be included both in a first
power conversion path formed between said first DC
power source (10) and said power line (PL) in said
first operation mode and in a second power conver-
sion path formed between said second DC power
source (20) and said power line in said first operation
mode.

8. The power supply system according to claim 7,
wherein
said at least a part of said switching elements are
turned on/off in accordance with a logical sum of a
first control signal (SDa, /SDa) for said DC voltage
conversion between said first DC power source (10)
and said power line (PL) and a second control signal
(SDb, /SDb) for said DC voltage conversion between
said second DC power source (20) and said power
line, in said first operation mode; and
said at least a part of said switching elements are
classified to a switching element (S3) which is fixed
on to connect said first and second DC power sourc-
es in series and switching elements (S1, S2, S4/S1,
S2, S4-S8) which are turned on/off in accordance
with a duty ratio for DC voltage conversion for con-
trolling said output voltage in said second operation
mode.

9. The power supply system according to any one of
claims 1, 2, 4 and 6 to 8, wherein said first and second
DC power sources (10, 20) have rated output volt-
ages different from each other.

10. The power supply system according to any one of
claims 1, 2, 4 and 6 to 8, wherein said first and second
DC power sources (10, 20) have output energy den-
sities different from each other and output power
densities different from each other.

Patentansprüche

1. Stromversorgungssystem, umfassend:

eine erste Gleichstromquelle (10),
eine zweite Gleichstromquelle (20), und
einen Stromrichter (50) zum Ausführen von
Gleichstrom-Spannungswandlung zwischen
der ersten und zweiten Gleichstromquelle und
einer Stromleitung (PL), die elektrisch mit einer
Last verbunden ist, zum Steuern einer Aus-
gangsspannung (Vo) auf der Stromleitung (PL),
wobei der Stromrichter mehrere Schaltelemen-
te (S1 - S4) enthält und dazu konfiguriert ist,
durch Steuerung der Schaltelemente zwischen
einem ersten Betriebsmodus, in dem die Gleich-

strom-Spannungswandlung mit der ersten und
zweiten Gleichstromquelle elektrisch parallel
mit der Stromleitung verbunden ausgeführt wird,
und einem zweiten Betriebsmodus schaltbar zu
sein, in dem die Gleichstrom-Spannungswand-
lung mit der ersten und zweiten Gleichstrom-
quelle elektrisch in Reihe mit der Stromleitung
verbunden ausgeführt wird, und
wobei die mehreren Schaltelemente (S1 - S4)
enthalten:

ein erstes Schaltelement (S1), das elek-
trisch zwischen der Stromleitung (PL) und
einem ersten Knoten (N1) verbunden ist,
ein zweites Schaltelement (S2), das elek-
trisch zwischen einem zweiten Knoten (N2)
und dem ersten Knoten (N1) verbunden ist,
ein drittes Schaltelement (S3), das elek-
trisch zwischen einem dritten Knoten (N3),
welcher elektrisch mit einem negativen An-
schluss der zweiten Gleichstromquelle ver-
bunden ist, und dem zweiten Knoten ver-
bunden ist, und
ein viertes Schaltelement (S4), das elek-
trisch zwischen einem negativen Anschluss
der ersten Gleichstromquelle und dem drit-
ten Knoten verbunden ist,

dadurch gekennzeichnet, dass
der Stromrichter (50) ferner umfasst:

einen ersten Reaktor (L1), der elektrisch zwi-
schen dem zweiten Knoten und einem positiven
Anschluss der ersten Gleichstromquelle ver-
bunden ist, und
einen zweiten Reaktor (L2), der elektrisch zwi-
schen dem ersten Knoten und dem positiven An-
schluss der zweiten Gleichstromquelle verbun-
den ist.

2. Stromversorgungssystem nach Anspruch 1, wobei
der Stromrichter (50) im ersten Betriebsmodus
Ein/Aus des ersten bis vierten Schaltelements (S1 -
S4) gemäß einer logischen Summe eines ersten
Steuersignals (SDa, /SDa) für die Gleichstrom-
Spannungswandlung zwischen der ersten Gleich-
stromquelle (10) und der Stromleitung (PL) und ei-
nes zweiten Steuersignals (SDb, /SDb) für die
Gleichstrom-Spannungswandlung zwischen der
zweiten Gleichstromquelle (20) und der Stromlei-
tung (PL) steuert.

3. Stromversorgungssystem nach einem der Ansprü-
che 1 bis 2, wobei
der Stromrichter (50) im ersten Betriebsmodus die
Gleichstrom-Spannungswandlung zwischen einer
der ersten und zweiten Gleichstromquelle (10, 20)
und der Stromleitung (PL) derart steuert, dass die
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Ausgangsspannung (Vo) gleich einer Befehlsspan-
nung (Vo*) wird, und die Gleichstrom-Spannungs-
wandlung zwischen der anderen der ersten und
zweiten Gleichstromquelle und der Stromleitung
derart steuert, dass ein Strom (Ii) der anderen der
Gleichstromquellen gleich einem Befehlsstrom (Ii*)
wird.

4. Stromversorgungssystem nach Anspruch 1, wobei
der Stromrichter (50) im zweiten Betriebsmodus
Ein/Aus des ersten bis vierten Schaltelements (S1 -
S4) derart steuert, dass das dritte Schaltelement
(S3) auf Ein festgestellt ist, während das zweite und
vierte Schaltelement (S2, S4) und das erste Schal-
telement (S1) komplementär gemäß einem Steuer-
signal (SDc, /SDc) für die Gleichstrom-Spannungs-
wandlung zwischen der in Reihe geschalteten ersten
und zweiten Gleichstromquelle (10, 20) und der
Stromleitung (PL) ein-/ausgeschaltet werden.

5. Stromversorgungssystem nach einem der Ansprü-
che 1 und 4, wobei
der Stromrichter (50) im zweiten Betriebsmodus die
Gleichstrom-Spannungswandlung zwischen der in
Reihe geschalteten ersten und zweiten Gleichstrom-
quelle (10, 20) und der Stromleitung (PL) derart steu-
ert, dass die Ausgangsspannung (Vo) gleich einer
Befehlsspannung (Vo*) wird.

6. Stromversorgungssystem nach Anspruch 1, wobei
die mehreren Schaltelemente (S1 - S4) ein Schalt-
element (S3) enthalten, das im zweiten Betriebsmo-
dus zum Schalten der ersten und zweiten Gleich-
stromquelle in Reihe auf Ein festgestellt ist und im
ersten Betriebsmodus gemäß einem Schaltverhält-
nis für Gleichstrom-Spannungswandlung zum Steu-
ern der Ausgangsspannung (Vo) ein-/ausgeschaltet
wird.

7. Stromversorgungssystem nach Anspruch 1, wobei
zumindest ein Teil der mehreren Schaltelemente (S1
- S4) derart angeordnet ist, dass er sowohl in einem
ersten Stromwandlungspfad, der zwischen der ers-
ten Gleichstromquelle (10) und der Stromleitung
(PL) im ersten Betriebsmodus ausgebildet ist, als
auch in einem zweiten Stromwandlungspfad, der
zwischen der zweiten Gleichstromquelle (20) und
der Stromleitung im ersten Betriebsmodus ausgebil-
det ist, enthalten ist.

8. Stromversorgungssystem nach Anspruch 7, wobei
im ersten Betriebsmodus zumindest ein Teil der
Schaltelemente gemäß einer logischen Summe ei-
nes ersten Steuersignals (SDa, /SDa) für die Gleich-
strom-Spannungswandlung zwischen der ersten
Gleichstromquelle (10) und der Stromleitung (PL)
und eines zweiten Steuersignals (SDb, /SDb) für die
Gleichstrom-Spannungswandlung zwischen der

zweiten Gleichstromquelle (20) und der Stromlei-
tung (PL) ein-/ausgeschaltet wird, und
der zumindest eine Teil der Schaltelemente auf ein
Schaltelement (S3), das zum Verbinden der ersten
und zweiten Gleichstromquelle in Reihe auf Ein fest-
gestellt ist, und auf Schaltelemente (S1, S2, S4/S1,
S2, S4 - S8) klassifiziert ist, die gemäß einem Schalt-
verhältnis für Gleichstrom-Spannungswandlung
zum Steuern der Ausgangsspannung im zweiten Be-
triebsmodus ein-/ausgeschaltet werden.

9. Stromversorgungssystem nach einem der Ansprü-
che 1, 2, 4 und 6 bis 8, wobei
die erste und zweite Gleichstromquelle (10, 20)
Nennausgangsspannungen aufweisen, die vonein-
ander abweichen.

10. Stromversorgungssystem nach einem der Ansprü-
che 1, 2, 4 und 6 bis 8, wobei
die erste und zweite Gleichstromquelle (10, 20) Aus-
gangsenergiedichten aufweisen, die voneinander
abweichen, und Ausgangsleistungsdichten aufwei-
sen, die voneinander abweichen.

Revendications

1. Système d’alimentation en énergie, comportant :

une première alimentation à courant continu
(10) ;
une deuxième alimentation à courant continu
(20) ; et
un convertisseur de puissance (50), destiné à
exécuter une conversion de tension à courant
continu entre lesdites première et deuxième ali-
mentations à courant continu et une ligne élec-
trique (PL) électriquement reliée à une charge
(30) de façon à commander une tension de sor-
tie (Vo) sur ladite ligne électrique (PL), dans le-
quel

ledit convertisseur de puissance comprend
une pluralité d’éléments de commutation
(S1 à S4), et est configuré pour pouvoir être
commuté, en commandant ladite pluralité
d’éléments de commutation, entre un pre-
mier mode de fonctionnement dans lequel
ladite conversion de tension à courant con-
tinu est exécutée avec lesdites première et
deuxième alimentations à courant continu
électriquement reliées en parallèle à ladite
ligne électrique et un deuxième mode de
fonctionnement dans lequel la conversion
de tension à courant continu est exécutée
avec lesdites première et deuxième alimen-
tations à courant continu électriquement re-
liées en série à ladite ligne électrique, et
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ladite pluralité d’éléments de commutation
(S1 à S4) comprend

un premier élément de commutation (S1) élec-
triquement relié entre ladite ligne électrique (PL)
et un premier noeud (N1),
un deuxième élément de commutation (S2)
électriquement relié entre un deuxième noeud
(N2) et ledit premier noeud (N1),
un troisième élément de commutation (S3) élec-
triquement relié entre un troisième noeud (N3)
électriquement relié à une borne négative de la-
dite deuxième alimentation à courant continu et
ledit deuxième noeud (N2), et
un quatrième élément de commutation (S4)
électriquement relié entre une borne négative
de ladite première alimentation à courant conti-
nu et ledit troisième noeud,

caractérisé en ce que

ledit convertisseur de puissance (50) comprend
en outre une première réactance (L1) électri-
quement reliée entre ledit deuxième noeud et
une borne positive de ladite première alimenta-
tion à courant continu, et
une deuxième réactance (L2) électriquement re-
liée entre ledit premier noeud et la borne positive
de ladite deuxième alimentation à courant con-
tinu.

2. Système d’alimentation en énergie selon la reven-
dication 1, dans lequel
dans ledit premier mode de fonctionnement, ledit
convertisseur de puissance (50) commande en mar-
che/arrêt lesdits premier à quatrième éléments de
commutation (S1 à S4) en fonction d’une somme
logique d’un premier signal de commande (SDa,
/SDa) pour ladite conversion de tension à courant
continu entre ladite première alimentation à courant
continu (10) et ladite ligne électrique et un deuxième
signal de commande (SDb, /SDb) pour ladite con-
version de tension à courant continu entre ladite
deuxième alimentation à courant continu (20) et la-
dite ligne électrique.

3. Système d’alimentation en énergie selon l’une quel-
conque des revendications 1 à 2, dans lequel
dans ledit premier mode de fonctionnement, 1 ledit
convertisseur de puissance (50) commande ladite
conversion de tension à courant continu entre une
desdites première et deuxième alimentations à cou-
rant continu (10, 20) et ladite ligne électrique (PL)
de telle sorte que ladite tension de sortie (Vo) devient
égale à une tension de commande (Vo*) et comman-
de ladite conversion de tension à courant continu
entre l’autre desdites première et deuxième alimen-
tations à courant continu et ladite ligne électrique de

telle sorte qu’un courant (Ii) de ladite autre des sour-
ces d’alimentation à courant continu devient égal à
un courant de commande (Ii*).

4. Système d’alimentation en énergie selon la reven-
dication 1, dans lequel
dans ledit deuxième mode de fonctionnement, ledit
convertisseur de puissance (50) commande en mar-
che/arrêt lesdits premier à quatrième éléments de
commutation (S1 à S4) de telle sorte que ledit troi-
sième élément de commutation (S3) est fixé sur mar-
che, alors que lesdits deuxième et quatrième élé-
ments de commutation (S2, S4) et ledit premier élé-
ment de commutation (S1) sont mis en marche/ar-
rêtés de manière complémentaire en fonction d’un
signal de commande (SDc, /SDc) pour ladite con-
version de tension à courant continu entre les pre-
mière et deuxième alimentations à courant continu
reliées en série (10, 20) et ladite ligne électrique (PL).

5. Système d’alimentation en énergie selon l’une quel-
conque des revendications 1 et 4, dans lequel
dans ledit deuxième mode de fonctionnement, ledit
convertisseur de puissance (50) commande ladite
conversion de tension à courant continu entre les
première et deuxième alimentations à courant con-
tinu reliées en série (10, 20) et ladite ligne électrique
(PL) de telle sorte que ladite tension de sortie (Vo)
devient égale à une tension de commande (Vo*).

6. Système d’alimentation en énergie selon la reven-
dication 1, dans lequel
ladite pluralité d’éléments de commutation (S1 à S4)
comprend un élément de commutation (S3) qui est
fixé sur marche pour relier lesdites première et
deuxième alimentations à courant continu en série
dans ledit deuxième mode de fonctionnement et mis
en marche/arrêté en fonction d’un rapport de charge
pour une conversion de tension à courant continu
afin de commander ladite tension de sortie (Vo) dans
ledit premier mode de fonctionnement.

7. Système d’alimentation en énergie selon la reven-
dication 1, dans lequel
au moins une partie de ladite pluralité d’éléments de
commutation (S1 à S4) est disposée pour être inclu-
se à la fois dans un premier passage de conversion
de puissance formé entre ladite première alimenta-
tion à courant continu (10) et ladite ligne électrique
(PL) dans ledit premier mode de fonctionnement et
dans un deuxième passage de conversion de puis-
sance formé entre ladite deuxième alimentation à
courant continu (20) et ladite ligne électrique dans
ledit premier mode de fonctionnement.

8. Système d’alimentation en énergie selon la reven-
dication 7, dans lequel
ladite au moins une partie desdits éléments de com-
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mutation est mise en marche/arrêtée en fonction
d’une somme logique d’un premier signal de com-
mande (SDa, /SDa) pour ladite conversion de ten-
sion à courant continu entre ladite première alimen-
tation à courant continu (10) et ladite ligne électrique
(PL) et d’un deuxième signal de commande (SDb,
/SDb) pour ladite conversion de tension à courant
continu entre ladite deuxième alimentation à courant
continu (20) et ladite ligne électrique, dans ledit pre-
mier mode de fonctionnement ; et
ladite au moins une partie desdits éléments de com-
mutation est classée en un élément de commutation
(S3) qui est fixé sur marche pour relier lesdites pre-
mière et deuxième alimentations à courant continu
en série et des éléments de commutation (S1, S2,
S4/S1, S2, S4-S8) qui sont mis en marche/arrêtés
en fonction d’un rapport de charge pour une conver-
sion de tension à courant continu pour commander
ladite tension de sortie dans ledit deuxième mode
de fonctionnement.

9. Système d’alimentation en énergie selon l’une quel-
conque des revendications 1, 2, 4 et 6 à 8, dans
lequel lesdites première et deuxième alimentations
à courant continu (10, 20) ont des tensions de sortie
nominales différentes l’une de l’autre.

10. Système d’alimentation en énergie selon l’une quel-
conque des revendications 1, 2, 4 et 6 à 8, dans
lequel lesdites première et deuxième alimentations
à courant continu (10, 20) ont des densités d’énergie
de sortie différentes l’une de l’autre et des densités
de puissance de sortie différentes l’une de l’autre.
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