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Description
TECHNICAL FIELD

[0001] The present invention relates to a DC-DC con-
verter that is used when direct-current voltage sources
are connected to each other, and is applicable to, for
example, an electric vehicle or the like on which a power
storage device is mounted.

BACKGROUND ART

[0002] Conventionally, a technology has been known,
in which a power storage device such as a secondary
battery or an electric double-layer capacitor is applied to
a railway system, and kinetic energy of a vehicle is ef-
fectively used by storing surplus regenerative power gen-
erated when braking the vehicle and using the stored
power when the vehicle is accelerated. In this case, a
buck boost converter (hereinafter, a bidirectional buck
boost DC-DC converter) capable of controlling power in
bidirectional directions is used for connecting a direct-
current wire and the power storage device (for example,
Patent Document 1).

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. 2005-206111

[0004] However, the bidirectional buck boost DC-DC
converter as described above cannot control current
when a primary-side voltage is lower than a secondary-
side voltage in the converter because of the circuit con-
figuration. Therefore, the bidirectional buck boost DC-
DC converter needs to be used under the condition that
the primary-side voltage is always higher than the sec-
ondary-side voltage.

[0005] Foravoiding such a problem,a DC-DC convert-
er (hereinafter, a bidirectional buck boost DC-DC con-
verter) is useful, which is capable of causing power to
flow bidirectionally from the primary side to the secondary
side and from the secondary side to the primary side
regardless of a magnitude relation between the primary-
side voltage and the secondary-side voltage of the bidi-
rectional buck boost DC-DC converter. The circuit con-
figuration thereof is disclosed, for example, in Patent
Document 2, and in Patent Document 3.

[0006] Patent Document 2: Japanese Patent Applica-
tion Laid-open No. 2001-268900

[0007] Patent Document 3: US5734258

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0008] However, in the bidirectional buck boost DC-
DC converter disclosed in Patent Document 2, an oper-
ation pattern of switching elements is determined for
each of four operation modes, i.e., a case of setting the
primary-side voltage higher than the secondary-side volt-
age and a case of setting the primary-side voltage lower
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than the secondary-side voltage when power flows from
the primary side to the secondary side, and a case of
setting the primary-side voltage higher than the second-
ary-side voltage and a case of setting the primary-side
voltage lower than the secondary-side voltage when
power flows from the secondary side to the primary side.
Therefore, for example, this technology does not consid-
er a case where the primary-side voltage and the sec-
ondary-side voltage are the same and a case where the
power flow is zero, so that it is impossible to continuously
transmit between the operation modes Patent Document
3 considers the case where the voltage on one side is
only slightly larger than the voltage on the other side.
[0009] Moreover,the conduction rate of each switching
element is described to be controlled by volume, so that
it is not considered to automatically control the power
flow on instantaneous value basis.

[0010] Thus, it is impossible to automatically control a
direction and a magnitude of power from the primary side
to the secondary side and from the secondary side to the
primary side in the DC-DC converter to a desired value
continuously on instantaneous value basis.

[0011] The presentinvention is accomplished to solve
such problems, and an object of the present invention is
to provide a bidirectional buck boost DC-DC converter
according to claim 1, railway coach drive system accord-
ing to claim 15, and railway feeder system according to
claim 17 capable of causing power to flow bidirectionally
from a primary side to a secondary side and from the
secondary side to the primary side regardless of a mag-
nitude relation between a secondary-side voltage and a
primary-side voltage in a state where different direct-cur-
rent voltage sources are connected to the primary side
and the secondary side in the DC-DC converter and au-
tomatically controlling a direction and a magnitude of the
power to a desired value continuously on instantaneous
value basis.

MEANS FOR SOLVING PROBLEM

[0012] According to an aspect of the presentinvention,
there is provided a bidirectional buck boost DC-DC con-
verter in which a direct-current power is supplied bidirec-
tionally between two direct-current voltage sources of a
primary-side power supply and a secondary-side power
supply. The bidirectional buck boost DC-DC converter
includes a primary-side converting unit that is connected
to an input/output terminal of the primary-side power sup-
ply and performs a power conversion operation on the
primary-side power supply; a secondary-side converting
unit that is connected to an input/output terminal of the
secondary-side power supply and performs a power con-
version operation on the secondary-side power supply;
a coupling unit that connects the primary-side converting
unit and the secondary-side converting unit to each other
and that mediates supply and reception of a power be-
tween the primary-side converting unit and the second-
ary-side converting unit; and a control unit that detects
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at least a voltage of the primary-side converting unit on
a power supply side and a voltage of the secondary-side
converting unit on a power supply side from among the
voltage of the primary-side converting unit on a power
supply side, the voltage of the secondary-side converting
unit on a power supply side, and a voltage at an arbitrary
point between a positive-electrode-side connecting ter-
minal and a negative-electrode-side connecting terminal
of the coupling unit each connecting the primary-side
converting unit and the secondary-side converting unit,
detects at least one of a current flowing into/out of the
primary-side converting unit, a current flowing into/out of
the secondary-side converting unit, and a current flowing
into/out of the coupling unit, controls so that a selected
one of detected currents is consistent with a command
value corresponding to the selected one of the detected
currents, and that controls a power conversion operation
on the primary-side converting unit and the secondary-
side converting unit based on detected voltage of the
primary-side converting unit on a power supply side, de-
tected voltage of the secondary-side converting unit on
a power supply side, the selected one of the currents,
and a signal based onthe command value corresponding
to the selected one of the currents such that a direction
and a magnitude of a power flowing bidirectionally be-
tween the primary-side power supply and the secondary-
side power supply are controlled to be continuously var-
iable on instantaneous value basis regardless of a mag-
nitude relation between a voltage of the primary-side
power supply and a voltage of the secondary-side power
supply in a state where the two direct-current voltage
sources are connected to each other.

[0013] According to another aspect of the present in-
vention, there is provided a railway coach drive control
system including an inverter for drive control that feeds
a power supplied from a wire to an electric motor as a
drive power; a power storage device that stores a power
supplied from the wire; and a bidirectional buck boost
DC-DC converter that is provided between the wire and
the power storage device and controls a power of the
wire and the power storage device bidirectionally. The
bidirectional buck boost DC-DC converter including a pri-
mary-side converting unit that is connected to an in-
put/output terminal of the primary-side power supply and
performs a power conversion operation on the primary-
side power supply; a secondary-side converting unit that
is connected to aninput/output terminal of the secondary-
side power supply and performs a power conversion op-
eration on the secondary-side power supply; a coupling
unit that connects the primary-side converting unit and
the secondary-side converting unit to each other and that
mediates supply and reception of a power between the
primary-side converting unit and the secondary-side con-
verting unit; and a control unit that detects at least a volt-
age of the primary-side converting uniton a power supply
side and a voltage of the secondary-side converting unit
on a power supply side from among the voltage of the
primary-side converting unit on a power supply side, the
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voltage of the secondary-side converting unit on a power
supply side, and a voltage at an arbitrary point between
a positive-electrode-side connecting terminal and a neg-
ative-electrode-side connecting terminal of the coupling
uniteach connecting the primary-side converting unitand
the secondary-side converting unit, detects at least one
of a currentflowing into/out of the primary-side converting
unit, a current flowing into/out of the secondary-side con-
verting unit, and a current flowing into/out of the coupling
unit, controls so that a selected one of detected currents
is consistent with a command value corresponding to the
selected one of the detected currents, and that controls
a power conversion operation on the primary-side con-
verting unitand the secondary-side converting unitbased
on detected voltage of the primary-side converting unit
on a power supply side, detected voltage of the second-
ary-side converting unit on a power supply side, the se-
lected one of the currents, and a signal based on the
command value corresponding to the selected one of the
currents such that a direction and a magnitude of a power
flowing bidirectionally between the primary-side power
supply and the secondary-side power supply are control-
led to be continuously variable on instantaneous value
basis regardless of a magnitude relation between a volt-
age of the primary-side power supply and a voltage of
the secondary-side power supply in a state where the
two direct-current voltage sources are connected to each
other.

[0014] According to still another aspect of the present
invention, there is provided a railway feeder system that
supplies a power to a vehicle by a direct-current power
source connected to a wire and a rail. The railway feeder
system including an inverter for drive control that feeds
a power supplied from the wire to an electric motor as a
drive power; a power storage device that stores a power
supplied from the wire; and a bidirectional buck boost
DC-DC converter that is provided between the wire and
the power storage device and controls a power of the
wire and the power storage device bidirectionally. The
bidirectional buck boost DC-DC converterincluding a pri-
mary-side converting unit that is connected to an in-
put/output terminal of the primary-side power supply and
performs a power conversion operation on the primary-
side power supply; a secondary-side converting unit that
is connected to an input/output terminal of the secondary-
side power supply and performs a power conversion op-
eration on the secondary-side power supply; a coupling
unit that connects the primary-side converting unit and
the secondary-side converting unit to each other and that
mediates supply and reception of a power between the
primary-side converting unit and the secondary-side con-
verting unit; and a control unit that detects at least a volt-
age of the primary-side converting unit on a power supply
side and a voltage of the secondary-side converting unit
on a power supply side from among the voltage of the
primary-side converting unit on a power supply side, the
voltage of the secondary-side converting unit on a power
supply side, and a voltage at an arbitrary point between
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a positive-electrode-side connecting terminal and a neg-
ative-electrode-side connecting terminal of the coupling
uniteach connecting the primary-side converting unitand
the secondary-side converting unit, detects at least one
ofa currentflowing into/out of the primary-side converting
unit, a current flowing into/out of the secondary-side con-
verting unit, and a current flowing into/out of the coupling
unit, controls so that a selected one of detected currents
is consistent with a command value corresponding to the
selected one of the detected currents, and that controls
a power conversion operation on the primary-side con-
verting unitand the secondary-side converting unitbased
on detected voltage of the primary-side converting unit
on a power supply side, detected voltage of the second-
ary-side converting unit on a power supply side, the se-
lected one of the currents, and a signal based on the
command value corresponding to the selected one of the
currents such that a direction and a magnitude of a power
flowing bidirectionally between the primary-side power
supply and the secondary-side power supply are control-
led to be continuously variable on instantaneous value
basis regardless of a magnitude relation between a volt-
age of the primary-side power supply and a voltage of
the secondary-side power supply in a state where the
two direct-current voltage sources are connected to each
other.

EFFECT OF THE INVENTION

[0015] Accordingtoan aspect of the presentinvention,
there is provided a bidirectional buck boost DC-DC con-
verter in which a direct-current power is supplied bidirec-
tionally between two direct-current voltage sources of a
primary-side power supply and a secondary-side power
supply. The bidirectional buck boost DC-DC converter
includes a primary-side converting unit that is connected
to an input/output terminal of the primary-side power sup-
ply and performs a power conversion operation on the
primary-side power supply; a secondary-side converting
unit that is connected to an input/output terminal of the
secondary-side power supply and performs a power con-
version operation on the secondary-side power supply;
a coupling unit that connects the primary-side converting
unitand the secondary-side converting unit to each other
and that mediates supply and reception of a power be-
tween the primary-side converting unit and the second-
ary-side converting unit; and a control unit that detects
at least a voltage of the primary-side converting unit on
a power supply side and a voltage of the secondary-side
converting unit on a power supply side from among the
voltage of the primary-side converting unit on a power
supply side, the voltage of the secondary-side converting
unit on a power supply side, and a voltage at an arbitrary
point between a positive-electrode-side connecting ter-
minal and a negative-electrode-side connecting terminal
of the coupling unit each connecting the primary-side
converting unit and the secondary-side converting unit,
detects at least one of a current flowing into/out of the
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primary-side converting unit, a current flowing into/out of
the secondary-side converting unit, and a current flowing
into/out of the coupling unit, controls so that a selected
one of detected currents is consistent with a command
value corresponding to the selected one of the detected
currents, and that controls a power conversion operation
on the primary-side converting unit and the secondary-
side converting unit based on detected voltage of the
primary-side converting unit on a power supply side, de-
tected voltage of the secondary-side converting unit on
a power supply side, the selected one of the currents,
and a signal based on the command value corresponding
to the selected one of the currents, so that a direction
and a magnitude of a power flowing bidirectionally be-
tween the primary-side power supply and the secondary-
side power supply can be controlled to be continuously
variable on instantaneous value basis regardless of a
magnitude relation between a voltage of the primary-side
power supply and a voltage of the secondary-side power
supply in a state where the two direct-current voltage
sources are connected to each other.

BRIEF DESCRIPTION OF DRAWINGS
[0016]

[Fig. 1] Fig. 1 is a configuration diagram of a bidirec-
tional buck boost DC-DC converter according to a
first embodiment.

[Fig. 2] Fig. 2 is a diagram illustrating a configuration
example of a control unit 30a according to the first
embodiment.

[Fig. 3] Fig. 3 is a diagram illustrating a configuration
example of a current-command converting unit 31a
according to the first embodiment.

[Fig. 4] Fig. 4 is a diagram illustrating a configuration
example of a current-command adjusting unit 32a
according to the first embodiment.

[Fig. 5] Fig. 5 is a diagram illustrating a configuration
example of a current control unit 33a according to
the first embodiment.

[Fig. 6] Fig. 6 is a diagram illustrating a configuration
example of a modulation ratio command generating
unit 34a according to the first embodiment.

[Fig. 7] Fig. 7 is a diagram illustrating a configuration
example of a gate-signal generating unit 35a accord-
ing to the first embodiment.

[Fig. 8] Fig. 8 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
embodiment.

[Fig. 9] Fig. 9 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
embodiment.

[Fig. 10] Fig. 10 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
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embodiment.

[Fig. 11] Fig. 11 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
embodiment.

[Fig. 12] Fig. 12 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
embodiment.

[Fig. 13] Fig. 13 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
embodiment.

[Fig. 14] Fig. 14 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
embodiment.

[Fig. 15] Fig. 15 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the first
embodiment.

[Fig. 16] Fig. 16 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a second embodiment.

[Fig. 17] Fig. 17 is a diagram illustrating a configu-
ration example of a control unit 30b according to the
second embodiment.

[Fig. 18] Fig. 18 is a diagram illustrating a configu-
ration example of a current-command adjusting unit
32b according to the second embodiment.

[Fig. 19] Fig. 19 is a diagram illustrating a configu-
ration example of a primary-side capacitor-voltage
upper-limitlimiting operation-amount calculating unit
60 according to the second embodiment.

[Fig. 20] Fig. 20 is a diagram illustrating a configu-
ration example of a primary-side capacitor-voltage
lower-limit limiting operation-amount calculating unit
61 according to the second embodiment.

[Fig. 21] Fig. 21 is a diagram illustrating a configu-
ration example of a secondary-side capacitor-volt-
age upper-limit limiting operation-amount calculat-
ing unit 62 according to the second embodiment.
[Fig. 22] Fig. 22 is a diagram illustrating a configu-
ration example of a secondary-side capacitor-volt-
age lower-limit limiting operation-amount calculating
unit 63 according to the second embodiment.

[Fig. 23] Fig. 23 is a diagram illustrating a configu-
ration example of a primary-side switching-circuit-
current upper-limit limiting operation-amount calcu-
lating unit 66 according to the second embodiment.
[Fig. 24] Fig. 24 is a diagram illustrating a configu-
ration example of a primary-side switching-circuit-
current upper-limit limiting operation-amount calcu-
lating unit 67 according to the second embodiment.
[Fig. 25] Fig. 25 is a diagram illustrating a configu-
ration example of a secondary-side switching-circuit-
current upper-limit limiting operation-amount calcu-
lating unit 68 according to the second embodiment.
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[Fig. 26] Fig. 26 is a diagram illustrating a configu-
ration example of a secondary-side switching-circuit-
current upper-limit limiting operation-amount calcu-
lating unit 69 according to the second embodiment.
[Fig. 27] Fig. 27 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a third embodiment.

[Fig. 28] Fig. 28 is a diagram illustrating a configu-
ration example of a control unit 30c according to the
third embodiment.

[Fig. 29] Fig. 29 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a fourth embodiment.

[Fig. 30] Fig. 30 is a diagram illustrating a configu-
ration example of a control unit 30d according to the
fourth embodiment.

[Fig. 31] Fig. 31 is a diagram illustrating a configu-
ration example of a current-command converting
unit 31b according to the fourth embodiment.

[Fig. 32] Fig. 32 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a fifth embodiment.

[Fig. 33] Fig. 33 is a diagram illustrating a configu-
ration example of a control unit 30e according to the
fifth embodiment.

[Fig. 34] Fig. 34 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a sixth embodiment.

[Fig. 35] Fig. 35 is a diagram illustrating a configu-
ration example of a control unit 30f according to the
sixth embodiment.

[Fig. 36] Fig. 36 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a seventh embodiment.

[Fig. 37] Fig. 37 is a diagram illustrating a configu-
ration example of a control unit 30g according to the
seventh embodiment.

[Fig. 38] Fig. 38 is a diagram illustrating a configu-
ration example of a modulation ratio command gen-
erating unit 34b according to the seventh embodi-
ment.

[Fig. 39] Fig. 39 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the sev-
enth embodiment.

[Fig. 40] Fig. 40 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the sev-
enth embodiment.

[Fig. 41] Fig. 41 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the sev-
enth embodiment.

[Fig. 42] Fig. 42 is a diagram illustrating a result of a
simulation of an operation waveform of the bidirec-
tional buck boost DC-DC converter according to the
seventh embodiment.

[Fig. 43] Fig. 43 is a configuration diagram of a bidi-
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rectional buck boost DC-DC converter according to
an eighth embodiment.

[Fig. 44] Fig. 44 is a diagram illustrating a configu-
ration example of a control unit 30h according to the
eighth embodiment.

[Fig. 45] Fig. 45 is a diagram illustrating a configu-
ration example of a modulation ratio command gen-
erating unit 34c according to the eighth embodiment.
[Fig. 46] Fig. 46 is a diagram illustrating a configu-
ration example of a gate-signal generating unit 35b
according to the eighth embodiment.

[Fig. 47] Fig. 47 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the
eighth embodiment.

[Fig. 48] Fig. 48 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the
eighth embodiment.

[Fig. 49] Fig. 49 is a diagram illustrating a result of a
simulation of operation waveforms of the bidirection-
al buck boost DC-DC converter according to the
eighth embodiment.

[Fig. 50] Fig. 50 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a ninth embodiment.

[Fig. 51] Fig. 51 is a diagram illustrating a configu-
ration example of a control unit 30i according to the
ninth embodiment.

[Fig. 52] Fig. 52 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a tenth embodiment.

[Fig. 53] Fig. 53 is a diagram illustrating a configu-
ration example of a control unit 30j according to the
tenth embodiment.

[Fig. 54] Fig. 54 is a diagram illustrating a configu-
ration example of a modulation ratio command gen-
erating unit 34d according to the tenth embodiment.
[Fig. 55] Fig. 55 is a diagram illustrating a configu-
ration example of a gate-signal generating unit 35c
according to the tenth embodiment.

[Fig. 56] Fig. 56 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
an eleventh embodiment.

[Fig. 57] Fig. 57 is a diagram illustrating a configu-
ration example of a control unit 30k according to the
eleventh embodiment.

[Fig. 58] Fig. 58 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to
a twelfth embodiment.

[Fig. 59] Fig. 59 is a diagram illustrating a configu-
ration example of a control unit 30m according to the
twelfth embodiment.

[Fig. 60] Fig. 60 is a diagram illustrating a configu-
ration example of a current-command converting
unit 31¢ according to the twelfth embodiment.

[Fig. 61] Fig. 61 is a diagram illustrating a configu-
ration example of a current-command adjusting unit
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32c according to the twelfth embodiment.

[Fig. 62] Fig. 62 is a diagram illustrating a configu-
ration example of a current control unit 33b according

to the twelfth embodiment.

[Fig. 63] Fig. 63 is a configuration diagram of a bidi-
rectional buck boost DC-DC converter according to

a thirteenth embodiment.

[Fig. 64] Fig. 64 is a diagram illustrating a configu-
ration example of a control unit 30n according to the

thirteenth embodiment.

[Fig. 65] Fig. 65 is a diagram illustrating a configu-
ration example of a current-command converting

unit 31d according to the thirteenth embodiment.

[Fig. 66] Fig. 66 is a diagram illustrating a configu-
ration example of a current-command adjusting unit

32d according to the thirteenth embodiment.

[Fig. 67] Fig. 67 is a diagram illustrating a configu-
ration example of a current control unit 33c according

to the thirteenth embodiment.

[Fig. 68] Fig. 68 is a diagram illustrating an applica-
tion example of a bidirectional buck boost DC-DC

converter according to a fourteenth embodiment.

[Fig. 69] Fig. 69 is a diagram illustrating an applica-
tion example of a bidirectional buck boost DC-DC

converter according to a fifteenth embodiment.

EXPLANATIONS OF LETTERS OR NUMERALS

[0017]

1a: primary-side converting unit

1b: secondary-side converting unit
1c: coupling unit

2a: primary-side power supply

2b: secondary-side power supply

3: coupling reactor

4: current detector

5 connecting line

6: voltage detector

7: current detector

10: switching circuit

11,12:  switching element

13: capacitor

14: voltage detector

30: control unit

31: current-command converting unit
32: current-command adjusting unit
33: current control unit

34: modulation ratio command generating unit
35: gate-signal generating unit

280: wire

281: pantograph

282: inverter for drive control

283: electric motor

284: rail

285: bidirectional buck boost DC-DC converter
286: power storage device

287: direct-current power source
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288: vehicle
289: system control device
BEST MODE(S) FOR CARRYING OUT THE IN-

VENTION
First embodiment.

[0018] Fig. 1 is a configuration diagram of a bidirec-
tional buck boost DC-DC converter according to the first
embodiment. As shown in Fig. 1, a primary-side convert-
ing unit 1a is connected to input/output terminals 23a and
24a of a primary-side power supply 2a including a prima-
ry-side power supply impedance 21a and a primary-side
power supply voltage source 22a, and is connected to a
secondary-side converting unit 1b that is connected to
input/output terminals 23b and 24b of a secondary-side
power supply 2b including a secondary-side power sup-
ply impedance 21b and a secondary-side power supply
voltage source 22b through a coupling unit 1¢ including
a coupling reactor 3 and a connecting line 5.

[0019] The primary-side converting unit 1a includes a
primary-side switching circuit 10a in which switching el-
ements 11a and 12a are connected in series, a primary-
side capacitor 13a that is connected in parallel with the
primary-side switching circuit 10a, and a voltage detector
14a that detects voltage of the primary-side capacitor
13a.

[0020] A secondary-side converting unit 1b is config-
ured in the same manner, so that the primary-side con-
verting unit 1a is explained below.

[0021] A positive terminal of the switching element 11a
on an upper-arm side of the primary-side switching circuit
10a is a first terminal 15a, negative terminals of the
switching element 12a on a lower-arm side of the primary-
side switching circuit 10a are a second terminal 16a and
a fourth terminal 18a, the first terminal 15a is connected
to the positive electrode side of the primary-side capac-
itor 13a, and the second terminal 16a is connected to the
negative electrode side of the primary-side capacitor 13a.
The fourth terminal 18a is connected to a fourth terminal
18b of a secondary-side switching circuit 10b that is con-
figured in the same manner via the connecting line 5, a
third terminal 17a that is a connecting point between a
negative electrode side of the switching element 11a on
the upper-arm side and a positive electrode side of the
switching element 12a on the lower-arm side and a third
terminal 17b of the secondary-side switching circuit 10b
configured in the same manner are connected by the
coupling reactor 3, and a first current detector 4 that de-
tects a current IL of the coupling reactor 3 is provided.
[0022] Voltage between an arbitrary point between the
third terminal 17a of the primary-side switching circuit
10a and the third terminal 17b of the secondary-side
switching circuit 10b and the connecting line 5 is a cou-
pling unit voltage VL, and a voltage detector 6 is provided
for detecting the coupling unit voltage VL.

[0023] In Fig. 1, the configuration is such that a value
that is the voltage between the coupling reactor 3 and
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the connecting line 5 detected by the voltage detector 6
is utilized as the coupling unit voltage VL; however, for
example, the coupling unit voltage VL can be voltage
between the third terminal 17a of the primary-side switch-
ing circuit 10a and the connecting line 5 or voltage be-
tween the third terminal 17b of the secondary-side
switching circuit 10b and the connecting line 5.

[0024] Furthermore, a primary-side capacitor voltage
V1 output from the primary-side converting unit 1a, a sec-
ondary-side capacitor voltage V2 output from the sec-
ondary-side converting unit 1b, the coupling reactor cur-
rent IL output from the coupling unit 1¢, and the coupling
unit voltage VL are input to a control unit 30a. The control
unit 30a outputs gate signals G1a, G1b, G2a, and G2b
for controlling on/off of each of the switching elements
11a, 11b, 12a, and 12b to the primary-side converting
unit 1a and the secondary-side converting unit 1b so that
a power PL that flows in the coupling unit 1c from the
primary side to the secondary side is consistent with a
command value P*.

[0025] The command value P* corresponds to a signal
or the like that, for example, is input from a control device
that controls a power storage system including the DC-
DC converter of the present invention and is an upper-
level device of the control unit 30a of the DC-DC con-
verter.

[0026] Current in the first terminal 15a and current in
the second terminal 16a of the primary-side switching
circuit 10a, current in the coupling reactor 3 and current
in the connecting line 5, and currentin a first terminal 15b
and current in a second terminal 16b of the secondary-
side switching circuit 10b are each have the same value
but flow in the opposite directions. Therefore, the content
of the present invention can be accomplished by detect-
ing any one of them. In the whole explanation in the spec-
ification, itis assumed that the current in the first terminal
15a of the primary-side switching circuit 10a (hereinafter,
referred to as a primary-side switching circuit current 1),
the current in the coupling reactor 3 (hereinafter, referred
to as a coupling reactor current IL), and the current in the
first terminal 15b of the secondary-side switching circuit
10b (hereinafter, referred to as a secondary-side switch-
ing circuit current 12) are detected.

[0027] When the negative electrode side (a line from
the primary-side input/output terminal 24a to the second-
ary-side input/output terminal 24b via the second terminal
16a and the fourth terminal 18a of the primary-side
switching circuit 10a, the connecting line 5, and the fourth
terminal 18b and the second terminal 16b of the second-
ary-side switching circuit 10b) in the circuit is grounded,
the potential to the ground of the second terminal 16a of
the primary-side switching circuit 10a, the second termi-
nal 16b of the secondary-side switching circuit 10b, and
the connecting line 5 that is to be a ground potential is
stable at a low level compared with the potential to the
ground of the first terminal 15a of the primary-side switch-
ing circuit 10a, the first terminal 15b of the secondary-
side switching circuit 10b, and the coupling reactor 3 that
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are high and fluctuates regularly. Therefore, the dielectric
strength voltage required to the current detector can be
low, and the current detector can obtain detection values
with less noise by providing the current detector on the
negative electrode side of the circuit.

[0028] Next, the configuration of the control unit 30a is
explained.

[0029] Fig. 2 is a diagram illustrating a configuration
example of the control unit 30a according to the first em-
bodiment of the present invention.

[0030] Asshown inFig. 2, the control unit 30a includes
a current-command converting unit 31a, a current-com-
mand adjusting unit 32a, a current control unit 33a, a
modulation ratio command generating unit 34a, and a
gate-signal generating unit 35a.

[0031] The current-command converting unit 31a gen-
erates a coupling-reactor base current command ILO*
based on the power command P* and the coupling unit
voltage VL.

[0032] The current-command adjusting unit 32a ad-
justs the coupling-reactor base current command IL0*
input from the current-command converting unit 31a, and
generates a coupling-reactor current command IL*.
[0033] The currentcontrol unit 33a generates a current
difference DIL based on the coupling-reactor current
command IL* and the coupling reactor current IL.
[0034] The modulation ratio command generating unit
34agenerates a primary-side modulation ratio command
VREF1 and a secondary-side modulation ratio command
VREF2 based on the current difference DIL input from
the current control unit 33a, the primary-side capacitor
voltage V1, and the secondary-side capacitor voltage V2.
[0035] The gate-signal generating unit 35a generates
the gate signals G1a, G1b, G2a, and G2b for controlling
on/off of each of the switching elements 11a, 11b, 12a,
and 12b based on the primary-side modulation ratio com-
mand VREF1 and the secondary-side modulation ratio
command VREF2 input from the modulation ratio com-
mand generating unit 34a.

[0036] In Fig. 2, the control unit 30a is configured so
that the command value P* is input from outside; how-
ever, the configuration can be such that a signal corre-
sponding to the coupling-reactor base current command
ILO* or the coupling-reactor current command IL* is input
from outside instead of the command value P*. In this
case, the current-command converting unit 31a and the
current-command adjusting unit 32a can be omitted.
[0037] The configuration examples of the current-com-
mand converting unit 31a, the current-command adjust-
ing unit 32a, the current control unit 33a, the modulation
ratio command generating unit 34a, and the gate-signal
generating unit 35a are explained below.

[0038] Fig. 3 is a diagram illustrating a configuration
example of the current-command converting unit 31a ac-
cording to the first embodiment of the present invention.
The configuration can be such that a low-pass filter or
the like is inserted into input and output of a function block
of a divider 40 or the like to remove unnecessary fre-
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quency components, although not shown.

[0039] As shown in Fig. 3, the current-command con-
verting unit 31a generates the coupling-reactor base cur-
rent command ILO* by dividing the command value P*
by the coupling unit voltage VL by using the divider 40.
[0040] Fig. 4 is a diagram illustrating a configuration
example of the current-command adjusting unit 32a ac-
cording to the first embodiment of the present invention.
The configuration can be such that a low-pass filter or
the like is inserted into input and output of a limiter 70a
to remove unnecessary frequency components, al-
though not shown.

[0041] As shown in Fig. 4, the current-command ad-
justing unit 32a causes the limiter 70a in which the upper
and lower limits are set by a current-command upper-
limitlimiting value ILMTH and a current-command lower-
limit limiting value ILMTL to limit an upper limit and a
lower limit of the coupling-reactor base current command
ILO* generated by the current-command converting unit
31a,and outputs the value as the coupling-reactor current
command IL*.

[0042] The function of the limiter 70a is explained. A
signal that is obtained by limiting the upper and lower
limits of the coupling-reactor base current command ILO*
is used as the coupling-reactor current command IL*, so
that the upper and lower limits of the actual coupling re-
actor current IL which is controlled to be consistent with
the coupling-reactor base current command ILO* can be
limited. The coupling reactor current IL is current that
always flows in any of the switching elements 11ato 12b.
Therefore, the current in the switching elements 11a to
12b can be limited by limiting the upper and lower limits
of the coupling reactor current IL.

[0043] Itis appropriate to set the current-command up-
per-limit limiting value ILMTH and the current-command
lower-limit limiting value ILMTL to be equal to or lower
than a current resistance of the switching elements 11a
to 12b.

[0044] With the above configuration of the current-
command adjusting unit 32a, even if the coupling-reactor
base current command ILO* calculated in the current-
command converting unit 31a becomes too large with
respect to the current resistance of the switching ele-
ments 11a to 12b in the case, for example, where the
excessive command value P* is input to the control unit
30a, it is possible to limit the coupling-reactor current
command IL* within the current resistance of the switch-
ing elements 11a to 12b by the limiter 70a.

[0045] Thus, the actual coupling reactor current IL and
therefore the current in the switching elements 11a to
12b can be limited within the current resistance thereof.
Consequently, the switching elements 11a to 12b can be
prevented from breakage because of overcurrent, so that
the bidirectional buck boost DC-DC converter that is
strong against disturbance such as excessive power
command input can be obtained.

[0046] Fig. 5 is a diagram illustrating a configuration
example of the current control unit 33a according to the
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first embodiment of the present invention. The configu-
ration can be such that a low-pass filter or the like is
inserted into input and output of a function block of a
subtractor 200 or the like to remove unnecessary fre-
quency components, although not shown.

[0047] As shown in Fig. 5, in the current control unit
33a, a deviation between the coupling-reactor current
command IL* and the coupling reactor current IL gener-
ated in the current-command adjusting unit 32a is gen-
erated by the subtractor 200, which is input to a propor-
tional-integral controller 201. In the proportional-integral
controller 201, the current difference DIL is calculated by
the following equation:

DIL=(K1+K2/s)X(IL*-IL)

where K1; proportional gain, K2; integral gain, and s; La-
place operator.

[0048] Fig. 6 is a diagram illustrating a configuration
example of the modulation ratio command generating
unit 34a according to the first embodiment of the present
invention. The configuration can be such that a low-pass
filter or the like is inserted into input and output of a func-
tion block of an adder 211a or the like to remove unnec-
essary frequency components, although not shown.
[0049] As shown in Fig. 6, the secondary-side capac-
itor voltage V2 is divided by the primary-side capacitor
voltage V1 in a divider 210a of the modulation ratio com-
mand generating unit 34ato obtain a ratio V2/V1 between
the secondary-side capacitor voltage V2 and the primary-
side capacitor voltage V1. A limiter 213a limits the lower
and upper limits of the ratio V2/V1 to zero and one to
obtain a value that is to be a primary-side base modula-
tion ratio command VREF 1A to the primary-side convert-
ing unit 1a.

[0050] The currentdifference DIL generated in the cur-
rent control unit 33a is added to the primary-side base
modulation ratio command VREF 1A by the adder 211a
to obtain the primary-side modulation ratio command
VREF1 as the modulation ratio command of the primary-
side converting unit 1a.

[0051] That is, the VREF1 s
VREF1=VREF1A+DIL.

[0052] On the other hand, the primary-side capacitor
voltage V1 is divided by the secondary-side capacitor
voltage V2 in a divider 210b to obtain a ratio V1/V2 be-
tween the primary-side capacitor voltage V1 and the sec-
ondary-side capacitor voltage V2. A limiter 213b limits
the lower and upper limits of the ratio V1/V2 to zero and
one to obtain a value thatis to be a secondary-side base
modulation ratio command VREF2A to the secondary-
side converting unit 1b.

[0053] ADIL2thatis obtained by inverting a sign of the
current difference DIL generated in the current control
unit 33a by a sign inverting circuit 212 is added to the
secondary-side base modulation ratio command
VREF2A by the adder 211b to obtain the secondary-side
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modulation ratio command VREF2 as the modulation ra-
tio command of the secondary-side converting unit 1b.
[0054] That is, the VREF2 is expressed by
VREF2=VREF2A+DIL2.

[0055] Fig. 7 is a diagram illustrating a configuration
example of the gate-signal generating unit 35a according
to the firstembodiment of the presentinvention. The con-
figuration can be such that a low-pass filter or the like is
inserted into input and output of a function block of a
comparator 220a or the like to remove unnecessary fre-
quency components, although not shown.

[0056] As shown in Fig. 7, the gate-signal generating
unit 35a first generates a carrier signal CAR that takes a
value of zero to one in a carrier signal generator 222. It
is appropriate that the carrier signal CAR is, for example,
a triangle wave or a sawtooth wave.

[0057] Then, the comparators 220a and 220b, and in-
verting circuits 221a and 221b determine the gate signals
G1ato G2b of each of the switching elements 11a to 12b
by the following logic in accordance with a magnitude
relation between the primary-side modulation ratio com-
mand VREF1 and the secondary-side modulation ratio
command VREF2 generated by the modulation ratio
command generating unit 34a, and the carrier signal
CAR.

[0058] If VREF1>CAR, the gate signal G1a to the
switching element 11a is turned on and the gate signal
G2ato the switching element 12a is turned off. Adversely,
if VREF1<CAR, the gate signal G1a to the switching el-
ement 11a is turned off and the gate signal G2a to the
switching element 12a is turned on.

[0059] If VREF2>CAR, the gate signal G1b to the
switching element 11b is turned on and the gate signal
G2b to the switching element 12b is turned off. Adversely,
if VREF2<CAR, the gate signal G1b to the switching el-
ement 11b is turned off and the gate signal G2b to the
switching element 12b is turned on.

[0060] Accordingly, with the control unit 30a of the
above configuration, when the power command P* is
positive, the coupling-reactor base current command
ILO* becomes positive regardless of the magnitude of the
primary-side capacitor voltage V1 and the secondary-
side capacitor voltage V2 or the magnitude relation be-
tween the primary-side capacitor voltage V1 and the sec-
ondary-side capacitor voltage V2, so that it is possible to
cause the power PL flowing in the coupling unit 1c¢ (here-
inafter, referred to as a coupling unit power PL) to flow
in a direction from the primary-side power supply 2a to
the secondary-side power supply 2b, and the coupling
unit power PL is consistent with the power command P*.
[0061] On the other hand, when the power command
P* is negative, the coupling-reactor base current com-
mand ILO* becomes negative, so that it is possible to
cause the coupling unit power PL to flow in a direction
from the secondary-side power supply 2b to the primary-
side power supply 2a, and the coupling unit power PL is
consistent with the power command P*.

[0062] When the power command P* is zero, the cou-
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pling-reactor base current command ILO* becomes zero,
so that the power flow between the primary-side power
supply 2a and the secondary-side power supply 2b can
be stopped.

[0063] In this manner, the magnitude and the direction
of the coupling unit power PL can be controlled arbitrarily
and continuously on instantaneous value basis by arbi-
trarily setting the magnitude and the direction of the pow-
er command P* from positive to negative including zero.
[0064] The current in the switching elements 11a to
12b can be limited to an arbitrary value, for example, to
be within the current resistance thereof. Thus, the switch-
ing elements 11ato 12b can be prevented from breakage
because of overcurrent, so that the bidirectional buck
boost DC-DC converter thatis strong against disturbance
such as excessive power command input can be ob-
tained.

[0065] The firstembodimentisfocused onthe coupling
unit power PL, which is controlled to be consistent with
the power command P*. In other words, the power com-
mand P* is converted into the coupling-reactor current
command IL* corresponding thereto, which is controlled
to be consistent with the actual coupling reactor current
IL.

[0066] Furthermore, when the minor loss in the prima-
ry-side converting unit 1a, the coupling unit 1c, and the
secondary-side converting unit 1b and the minor fluctu-
ation in energy stored in the primary-side capacitor 13a
and a secondary-side capacitor 13b are ignored, an in-
put/output power P10 of the primary-side power supply
2a, the coupling unit power PL, and an input/output power
P20 of the secondary-side power supply 2b become
equal on instantaneous value basis. Therefore, the pow-
er flow between the primary-side power supply 2a and
the secondary-side power supply 2b can be controlled
by controlling the coupling unit power PL.

[0067] If control accuracy is required to the degree that
the loss in the primary-side converting unit 1a, the cou-
pling unit 1c, and the secondary-side converting unit 1b
cannot be ignored, the control accuracy of the power flow
can be further improved by setting the power command
P* or the coupling-reactor current command IL* to a value
that includes the loss (normally, a few percent of the
whole power that is input to or output from the DC-DC
converter), although not shown.

[0068] If control accuracy is required to the degree that
the fluctuation in energy stored in the primary-side ca-
pacitor 13a and the secondary-side capacitor 13b cannot
be ignored, the transitional control accuracy of the power
flow can be improved by adjusting the power command
P* or the coupling-reactor current command IL* depend-
ing upon the amount of the fluctuation in energy stored
in the primary-side capacitor 13a and the secondary-side
capacitor 13b, although not shown.

[0069] Fig. 8 to Fig. 11, and Fig. 12 to Fig. 15 are dia-
grams illustrating a result of a simulation of operation
waveforms of the bidirectional buck boost DC-DC con-
verter to which the configuration of the control unit 30a
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is applied according to the firstembodimentof the present
invention.

[0070] Fig. 8(a)andFig. 12(a) are diagramsiillustrating
a primary-side terminal voltage V10 and a secondary-
side terminal voltage V20, and Fig. 8(b) and Fig. 12(b)
are diagrams illustrating the primary-side modulation ra-
tio command VREF1.

[0071] Fig. 9(c) and Fig. 13(c) are diagrams illustrating
the secondary-side modulation ratio command VREF2,
and Fig. 9(d) and Fig. 13(d) are diagrams illustrating the
coupling-reactor current command IL*.

[0072] Fig. 10(e) and Fig. 14(e) are diagrams illustrat-
ing the coupling reactor current IL, and Fig. 10(f) and Fig.
14(f) are diagrams illustrating the power command P*.
[0073] Fig. 11(g) and Fig. 15(g) are diagrams illustrat-
ing the coupling unit power PL.

[0074] Fig. 8 to Fig. 11 are diagrams illustrating oper-
ation waveforms in the case where a voltage source that
changes the primary-side terminal voltage V10 between
400V and 800V in a ramp manner at two Hz is connected
as the primary-side power supply 2a, a large-capacity
capacitor with the initial voltage of 600V is connected as
the secondary-side power supply 2b, and the power com-
mand P* is changed in a ramp manner at one Hz within
the range of =500KW. The limiter 70a is set to =1000A,
so that the coupling-reactor current command IL* is lim-
ited within the range of =1000A.

[0075] As shown in Fig. 8 to Fig. 11, the primary-side
modulation ratio command VREF1 and the secondary-
side modulation ratio command VREF2 are appropriately
adjusted regardless of a magnitude relation between the
primary-side terminal voltage V10 and the secondary-
side terminal voltage V20, and the coupling reactor cur-
rent IL is consistent with the coupling-reactor current
command IL*. The coupling-reactor currentcommand IL*
is within the range of £1000A, so that it is operated with-
out being limited by the limiter 70a. Consequently, it is
found that the coupling unit power PL is consistent with
the power command P* in the whole region.

[0076] Fig. 12 to Fig. 15 are diagrams illustrating op-
eration waveforms in the case where a voltage source
that changes the primary-side terminal voltage V10 be-
tween 400V and 800V in a ramp manner at two Hz is
connected as the primary-side power supply 2a, a large-
capacity capacitor with the initial voltage of 600V is con-
nected as the secondary-side power supply 2b, and the
power command P* is changed in a ramp manner at one
Hz within the range of =500KW. The limiter 70a is set to
+500A, so that the coupling-reactor current command
IL* is limited within the range of =500A.

[0077] As shownin Fig. 12 to Fig. 15, the primary-side
modulation ratio command VREF1 and the secondary-
side modulation ratio command VREF2 are appropriately
adjusted regardless of a magnitude relation between the
primary-side terminal voltage V10 and the secondary-
side terminal voltage V20, and the coupling reactor cur-
rent IL is consistent with the coupling-reactor current
command IL* while being limited within the range of
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+500A. It is found that the coupling unit power PL is
consistent with the power command P* in the region
where the coupling reactor current IL is within the range
of =500A, and when the coupling reactor current IL is
limited within the range of =500KW, the coupling unit
power PL is smaller than the power command P* by an
insufficient amount of the coupling reactor current IL.
[0078] In this manner, the coupling reactor current IL
can be limited to the value set by the limiter 70a. There-
fore, even when the excessive power command P* is
input, the switching elements 11a to 12b are prevented
from breakage because of overcurrent.

Second Embodiment.

[0079] A configuration ofa bidirectional buck boost DC-
DC converter according to the second embodiment of
the present invention is explained in detail below with
reference to the drawings. Only parts different from the
bidirectional buck boost DC-DC converter in the first em-
bodiment of the present invention are described below.
[0080] Fig. 16 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the sec-
ond embodiment of the present invention. In addition to
the above first embodiment, the bidirectional buck boost
DC-DC converter in the second embodiment includes a
current detector 7a that detects the primary-side switch-
ing circuit current11 and a current detector 7b that detects
the secondary-side switching circuit current 12. Further-
more, a configuration of a control unit 30b has the follow-
ing characteristics.

[0081] Fig. 17 is a diagram illustrating a configuration
example of the control unit 30b according to the second
embodiment of the present invention. A current-com-
mand adjusting unit 32b is configured such that the pri-
mary-side switching circuit current 11, the secondary-side
switching circuit current 12, the primary-side capacitor
voltage V1, and the secondary-side capacitor voltage V2
are input, and has the following characteristics.

[0082] Fig. 18 is a diagram illustrating a configuration
example of the current-command adjusting unit 32b ac-
cording to the second embodiment of the present inven-
tion.

[0083] As shown in Fig. 18, in the current-command
adjusting unit 32b, the coupling-reactor base current
command ILO* that is input from the current-command
converting unit 31a is corrected by adding a primary-side
capacitor-voltage upper-limit limiting operation amount
V1LMTH calculated in a primary-side capacitor-voltage
upper-limit limiting operation-amount calculating unit 60,
a primary-side capacitor-voltage lower-limit limiting op-
eration amount VALMTL calculated in a primary-side ca-
pacitor-voltage lower-limit limiting operation-amount cal-
culating unit 61, a secondary-side capacitor-voltage up-
per-limit limiting operation amount V2LMTH calculated
in a secondary-side capacitor-voltage upper-limit limiting
operation-amount calculating unit 62, a secondary-side
capacitor-voltage lower-limit limiting operation amount
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V2LMTL calculated in a secondary-side capacitor-volt-
age lower-limit limiting operation-amount calculating unit
63, a primary-side switching-circuit-current upper-limit
limiting operation amount I11LMTH calculated in a prima-
ry-side switching-circuit-current upper-limit limiting oper-
ation-amount calculating unit 66, a primary-side switch-
ing-circuit-current lower-limit limiting operation amount
I1TLMTL calculated in a primary-side switching-circuit-
current lower-limit limiting operation-amount calculating
unit67, a secondary-side switching-circuit-current upper-
limit limiting operation amount I2LMTH calculated in a
secondary-side switching-circuit-current upper-limit lim-
iting operation-amount calculating unit 68, and a second-
ary-side switching-circuit-current lower-limit limiting op-
eration amount 12LMTL calculated in a secondary-side
switching-circuit-current lower-limit limiting operation-
amount calculating unit 69, in adders 59a to 59j, by using
the primary-side capacitor voltage V1, the secondary-
side capacitor voltage V2, the primary-side switching cir-
cuit current 11, the secondary-side switching circuit cur-
rent 12, a primary-side capacitor-voltage upper-limit lim-
iting value VILMTCOMH, a primary-side capacitor-volt-
age lower-limit limiting value VILMTCOML, a secondary-
side capacitor-voltage upper-limit limiting value
V2LMTCOMH, a secondary-side capacitor-voltage low-
er-limit limiting value V2LMTCOML, a primary-side
switching-circuit-current  upper-limit  limiting value
IMLMTCOMH, a primary-side switching-circuit-current
lower-limit limiting value 1LMTCOML, a secondary-side
switching-circuit-current  upper-limit  limiting value
I2LMTCOMH, a secondary-side switching-circuit-current
lower-limit limiting value 1I2LMTCOML, a temperature-
protecting-current-command upper-limit limiting value
THLMTH, a temperature-protecting-current-command
lower-limit limiting value THLMTL, the current-command
upper-limitlimiting value ILMTH, and a current-command
lower-limit limiting value ILMTL, and thereafter is limited
by alimiter 71 thatlimits the coupling-reactor base current
command ILO* to the temperature-protecting-current-
command upper-limit limiting value THLMTH and the
temperature-protecting-current-command  lower-limit
limiting value THLMTL and a limiter 70b that limits the
coupling-reactor base current command ILO* to the cur-
rent-command upper-limit limiting value ILMTH and the
current-command lower-limit limiting value ILMTL, there-
by generating the coupling-reactor current command IL*.
[0084] The limiter 71 performs a current command lim-
itation for protection from excessive heat. For example,
the limiter 71 determines the temperature-protecting-cur-
rent-command upper-limit limiting value THLMTH and
the temperature-protecting-current-command lower-lim-
it limiting value THLMTL depending upon the value de-
tected by a temperature sensor (not shown) that can de-
tect temperature of the primary-side power supply 2a,
the secondary-side power supply 2b, the switching ele-
ments 11a to 12b, and the coupling reactor 3, and limits
the magnitude of the coupling-reactor current command
IL* when the temperature rises, thereby suppressing
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temperature rise of the primary-side power supply 2a,
the secondary-side power supply 2b, the switching ele-
ments 11ato 12b, and the coupling reactor 3. Therefore,
the limiter 70 is operated to avoid the primary-side power
supply 2a, the secondary-side power supply 2b, the
switching elements 11a to 12b, and the coupling reactor
3 from being damaged due to excessive heat.

[0085] Hereinafter, configuration examples of the pri-
mary-side capacitor-voltage upper-limit limiting opera-
tion-amount calculating unit 60, the primary-side capac-
itor-voltage lower-limit limiting operation-amount calcu-
lating unit 61, the secondary-side capacitor-voltage up-
per-limit limiting operation-amount calculating unit 62,
the secondary-side capacitor-voltage lower-limit limiting
operation-amount calculating unit 63, the primary-side
switching-circuit-current upper-limit limiting operation-
amount calculating unit 66, the primary-side switching-
circuit-current lower-limit limiting operation-amount cal-
culating unit67, the secondary-side switching-circuit-cur-
rentupper-limitlimiting operation-amount calculating unit
68, and the secondary-side switching-circuit-current low-
er-limit limiting operation-amount calculating unit 69 are
explained.

[0086] Fig. 19 is a diagram illustrating a configuration
example of the primary-side capacitor voltage upper-limit
limiting operation-amount calculating unit 60 according
to the second embodiment of the present invention. The
configuration can be such that a low-pass filter or the like
is inserted into input and output of a function block of a
subtractor 80 or the like to remove unnecessary frequen-
cy components, although not shown.

[0087] AsshowninFig. 19, the primary-side capacitor-
voltage upper-limit limiting value VILMTCOMH is sub-
tracted from the primary-side capacitor voltage V1 in the
subtractor 80 in the primary-side capacitor-voltage up-
per-limit limiting operation-amount calculating unit 60 to
obtain a deviation. The deviation is amplified by a pro-
portional-integral controller 81 and the negative side of
the amplified deviation is cut off by a negative-side limiter
82, which is output as the primary-side capacitor-voltage
upper-limit limiting operation amount V1LMTH.

[0088] Inthis manner, when the primary-side capacitor
voltage V1 becomes equal to or higher than the primary-
side capacitor-voltage upper-limit limiting value
V1LMTCOMH, the primary-side capacitor-voltage up-
per-limit limiting operation amount V1LMTH is output de-
pending upon the deviation, and the coupling-reactor cur-
rent command IL* is increased, whereby the coupling
unit power PL is increased, and rise of the primary-side
capacitor voltage V1 is suppressed. Therefore, the pri-
mary-side capacitor voltage V1 can be kept close to the
primary-side capacitor-voltage upper-limit limiting value
VALMTCOMH.

[0089] Fig. 20 is a diagram illustrating a configuration
example of the primary-side capacitor-voltage lower-limit
limiting operation-amount calculating unit 61 according
to the second embodiment of the present invention. The
configuration can be such that a low-pass filter or the like
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is inserted into input and output of a function block of a
subtractor 90 or the like to remove unnecessary frequen-
cy components, although not shown.

[0090] Asshownin Fig. 20, the primary-side capacitor-
voltage low-limit limiting value VILMTCOML is subtract-
ed from the primary-side capacitor voltage V1 in the sub-
tractor 90 in the primary-side capacitor-voltage lower-
limit limiting operation-amount calculating unit 61 to ob-
tain a deviation. The deviation is amplified by a propor-
tional-integral controller 91 and the positive side of the
amplified deviation is cut off by a positive-side limiter 92,
which is outputas the primary-side capacitor-voltage low-
er-limit limiting operation amount VALMTL.

[0091] Inthis manner, when the primary-side capacitor
voltage V1 becomes equal to or lower than the primary-
side capacitor-voltage lower-limit limiting value
V1LMTCOML, the primary-side capacitor-voltage lower-
limitlimiting operation amount V1LMTL is output depend-
ing upon the deviation, and the coupling-reactor current
command IL* is decreased, whereby the coupling unit
power PL is decreased, and drop of the primary-side ca-
pacitor voltage V1 is suppressed. Therefore, the primary-
side capacitor voltage V1 can be kept close to the prima-

ry-side capacitor-voltage lower-limit limiting value
VALMTCOML.
[0092] Fig. 21 is a diagram illustrating a configuration

example of the secondary-side capacitor voltage upper-
limit limiting operation-amount calculating unit 62 accord-
ing to the second embodiment of the present invention.
The configuration can be such that a low-pass filter or
the like is inserted into input and output of a function block
of a subtractor 100 or the like to remove unnecessary
frequency components, although not shown.

[0093] AsshowninFig.21, the secondary-side capac-
itor voltage V2 is subtracted from the secondary-side ca-
pacitor-voltage upper-limit limiting value V2LMTCOMH
in the subtractor 100 in the secondary-side capacitor-
voltage upper-limit limiting operation-amount calculating
unit 62 to obtain a deviation. The deviation is amplified
by a proportional-integral controller 101 and the positive
side of the amplified deviation is cut off by a positive-side
limiter 102, which is output as the secondary-side capac-
itor-voltage upper-limit limiting operation amount
V2LMTH.

[0094] In this manner, when the secondary-side ca-
pacitor voltage V2 becomes equal to or higher than the
secondary-side capacitor-voltage upper-limit limiting val-
ue V2LMTCOMH, the secondary-side capacitor-voltage
upper-limit limiting operation amount V2LMTH is output
depending upon the deviation, and the coupling-reactor
currentcommand IL* is decreased, whereby the coupling
unit power PL is decreased, and rise of the secondary-
side capacitor voltage V2 is suppressed. Therefore, the
secondary-side capacitor voltage V2 can be kept close
to the secondary-side capacitor-voltage upper-limit lim-
iting value V2LMTCOMH.

[0095] Fig. 22 is a diagram illustrating a configuration
example of the secondary-side capacitor voltage lower-
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limit limiting operation-amount calculating unit 63 accord-
ing to the second embodiment of the present invention.
The configuration can be such that a low-pass filter or
the like is inserted into input and output of a function block
of a subtractor 110 or the like to remove unnecessary
frequency components, although not shown.

[0096] Asshown inFig. 22, the secondary-side capac-
itor voltage V2 is subtracted from the secondary-side ca-
pacitor-voltage lower-limit limiting value V2LMTCOML in
the subtractor 110 in the secondary-side capacitor-volt-
age lower-limit limiting operation-amount calculating unit
63 to obtain a deviation. The deviation is amplified by a
proportional-integral controller 111 and the negative side
of the amplified deviation is cut off by a negative-side
limiter 112, which is output as the secondary-side capac-

itor-voltage lower-limit limiting operation amount
V2LMTL.
[0097] In this manner, when the secondary-side ca-

pacitor voltage V2 becomes equal to or lower than the
secondary-side capacitor-voltage lower-limit limiting val-
ue V2LMTCOML, the secondary-side capacitor-voltage
lower-limit limiting operation amount V2LMTL is output
depending upon the deviation, and the coupling-reactor
current command IL* is increased, whereby the coupling
unit power PL is increased, and drop of the secondary-
side capacitor voltage V2 is suppressed. Therefore, the
secondary-side capacitor voltage V2 can be kept close
to the secondary-side capacitor-voltage lower-limit limit-
ing value V2LMTCOML.

[0098] Fig. 23 is a diagram illustrating a configuration
example of the primary-side switching-circuit-current up-
per-limit limiting operation-amount calculating unit 66 ac-
cording to the second embodiment of the present inven-
tion. The configuration can be such that a low-pass filter
or the like is inserted into input and output of a function
block of a subtractor 130 or the like to remove unneces-
sary frequency components, although not shown.
[0099] As shown in Fig. 23, the primary-side switching
circuit current 11 is subtracted from the primary-side
switching-circuit-current  upper-limit  limiting  value
I1TLMTCOMH in the subtractor 130 in the primary-side
switching-circuit-current upper-limit limiting operation-
amount calculating unit 66 to obtain a deviation. The de-
viation is amplified by a proportional-integral controller
131 and the positive side of the amplified deviation is cut
off by a positive-side limiter 132, which is output as the
primary-side switching-circuit-current upper-limit limiting
operation amount I1LMTH.

[0100] With this configuration, when the primary-side
switching circuit current 11 becomes equal to or higher
than the primary-side switching-circuit-current upper-lim-
it limiting value [1LMTCOMH, the primary-side switching-
circuit-current upper-limit limiting operation amount
I1LMTH is output depending upon the deviation, and the
coupling-reactor current command IL* is decreased,
whereby the coupling unit power PL is decreased, and
rise of the primary-side switching circuit current I1 is sup-
pressed. Therefore, the primary-side switching circuit
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current |1 can be kept close to the primary-side switching-
circuit-current upper-limit limiting value 1LMTCOMH.
[0101] Fig. 24 is a diagram illustrating a configuration
example of the primary-side switching-circuit-current
lower-limit limiting operation-amount calculating unit 67
according to the second embodiment of the present in-
vention. The configuration can be such that a low-pass
filter or the like is inserted into input and output of a func-
tion block of a subtractor 140 or the like to remove un-
necessary frequency components, although not shown.
[0102] As shownin Fig. 24, the primary-side switching
circuit current 11 is subtracted from the primary-side
switching-circuit-current  lower-limit  limiting  value
IMTLMTCOML in the subtractor 140 in the primary-side
switching-circuit-current lower-limit limiting operation-
amount calculating unit 67 to obtain a deviation. The de-
viation is amplified by a proportional-integral controller
141 and the negative side of the amplified deviation is
cut off by a negative-side limiter 142, which is output as
the primary-side switching-circuit-current lower-limit lim-
iting operation amount I11LMTL.

[0103] With this configuration, when the primary-side
switching circuit current 11 becomes equal to or lower
than the primary-side switching-circuit-currentlower-limit
limiting value MLMTCOML, the primary-side switching-
circuit-current lower-limit limiting operation amount
I1LMTL is output depending upon the deviation, and the
coupling-reactor current command IL* is increased,
whereby the coupling unit power PL is increased, and
drop of the primary-side switching circuit current 11 is
suppressed. Therefore, the primary-side switching circuit
current |1 can be kept close to the primary-side switching-
circuit-current lower-limit limiting value [1LMTCOML.
[0104] Fig. 25 is a diagram illustrating a configuration
example of the secondary-side switching-circuit-current
upper-limit limiting operation-amount calculating unit 68
according to the second embodiment of the present in-
vention. The configuration can be such that a low-pass
filter or the like is inserted into input and output of a func-
tion block of a subtractor 150 or the like to remove un-
necessary frequency components, although not shown.
[0105] Asshownin Fig. 25, the secondary-side switch-
ing circuit current 12 is subtracted from the secondary-
side switching-circuit-current upper-limit limiting value
I2LMTCOMH in the subtractor 150 in the secondary-side
switching-circuit-current upper-limit limiting operation-
amount calculating unit 68 to obtain a deviation. The de-
viation is amplified by a proportional-integral controller
151 and the positive side of the amplified deviation is cut
off by a positive-side limiter 152, which is output as the
secondary-side switching-circuit-current upper-limit lim-
iting operation amount 1I2LMTH.

[0106] With this configuration, when the secondary-
side switching circuit current 12 becomes equal to or high-
er than the secondary-side switching-circuit-current up-
per-limit limiting value I2LMTCOMH, the secondary-side
switching-circuit-current upper-limit limiting operation
amount I2LMTH is output depending upon the deviation,
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and the coupling-reactor current command IL* is de-
creased, whereby the coupling unit power PL is de-
creased, and rise of the secondary-side switching circuit
current 12 is suppressed. Therefore, the secondary-side
switching circuit current 12 can be kept close to the sec-
ondary-side switching-circuit-current upper-limit limiting
value I2LMTCOMH.

[0107] Fig. 26 is a diagram illustrating a configuration
example of a secondary-side switching-circuit-current
lower-limit limiting operation-amount calculating unit 69
according to the second embodiment of the present in-
vention. The configuration can be such that a low-pass
filter or the like is inserted into input and output of a func-
tion block of a subtractor 160 or the like to remove un-
necessary frequency components, although not shown.
[0108] AsshowninFig. 26, the secondary-side switch-
ing circuit current 12 is subtracted from the secondary-
side switching-circuit-current lower-limit limiting value
I2LMTCOML in the subtractor 160 in the secondary-side
switching-circuit-current lower-limit limiting operation-
amount calculating unit 69 to obtain a deviation. The de-
viation is amplified by a proportional-integral controller
161 and the negative side of the amplified deviation is
cut off by a negative-side limiter 162, which is output as
the secondary-side switching-circuit-current lower-limit
limiting operation amount I2LMTL.

[0109] With this configuration, when the secondary-
side switching circuit current |2 becomes equal to or lower
than the secondary-side switching-circuit-current lower-
limit limiting value 12LMTCOML, the secondary-side
switching-circuit-current lower-limit limiting operation
amount I2LMTL is output depending upon the deviation,
and the coupling-reactor current command IL* is in-
creased, whereby the coupling unit power PL is in-
creased, and drop of the secondary-side switching circuit
current 12 is suppressed. Therefore, the secondary-side
switching circuit current 12 can be kept close to the sec-
ondary-side switching-circuit-current lower-limit limiting
value I2LMTCOML.

[0110] The current-command adjusting unit32b is con-
figured as above, so that it is possible to protect the pri-
mary-side power supply 2a, the secondary-side power
supply 2b, the primary-side converting unit 1a, the sec-
ondary-side converting unit 1b, and the coupling reactor
3 from overvoltage, overcurrent, and excessive heat.

Third Embodiment.

[0111] Aconfiguration of a bidirectional buck boost DC-
DC converter according to the third embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. The configuration in the third em-
bodiment is based on that in the second embodiment.
Only parts different from the bidirectional buck boost DC-
DC converter in the second embodiment of the present
invention are described below.

[0112] Fig. 27 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to a third
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embodiment of the present invention. In the bidirectional
buck boost DC-DC converter in the third embodiment,
the current detector 7a for detecting the primary-side
switching circuit current 11 and the current detector 7b
for detecting the secondary-side switching circuit current
12 that are provided in the configuration in the second
embodiment are omitted. Furthermore, a configuration
of a control unit 30c has the following characteristics.
[0113] Fig. 28 is a diagram illustrating a configuration
example of the control unit 30c according to the third
embodiment of the present invention.

[0114] As shownin Fig. 28, the primary-side switching
circuit current 11 and the secondary-side switching circuit
currentl2thatare inputto the current-command adjusting
unit 32b are calculated based on the coupling reactor
current IL, the coupling unit voltage VL, the primary-side
capacitor voltage V1, and the secondary-side capacitor
voltage V2.

[0115] As showninFig. 27, the power passing through
the first terminal 15a and the second terminal 16a of the
primary-side switching circuit 10a (hereinafter, referred
to as a primary-side switching circuit power P1) and the
coupling unit power PL are equal on instantaneous value
basis on condition that the loss in the primary-side con-
verting unit 1a and the coupling unit 1c is ignored.
[0116] With the use of this, as shown in Fig. 28, a mul-
tiplier 37a generates a product of the coupling reactor
current IL and the coupling unit voltage VL, and a divider
36a divides the product by the primary-side capacitor
voltage V1, thereby obtaining the primary-side switching
circuit current 11 in the control unit 30c.

[0117] In the same manner, the multiplier 37a gener-
ates a product of the coupling reactor current IL and the
coupling unit voltage VL, and a divider 36b divides the
product by the secondary-side capacitor voltage V2,
thereby obtaining the secondary-side switching circuit
current 12.

[0118] Accordingly, with the above configuration, the
bidirectional buck boost DC-DC converter according to
the third embodiment of the present invention can per-
form control using the primary-side switching circuit cur-
rent |1 and the secondary-side switching circuit current
12 without directly detecting them by the current detectors
7aand 7b. Thus, itis possible to configure a higher-func-
tional control unit without increasing the number of com-
ponents, size, and weight of the DC-DC converter.

Fourth Embodiment.

[0119] A configuration of a bidirectional buck boostDC-
DC converter according to the fourth embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. Only parts different from the bidi-
rectional buck boost DC-DC converter in the first embod-
iment of the present invention are described below.

[0120] Fig. 29 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the
fourth embodiment of the present invention. A control
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unit 30d has the following characteristics.

[0121] Fig. 30 is a diagram illustrating a configuration
example of the control unit 30d according to the fourth
embodiment of the present invention.

[0122] A current-command converting unit 31b is con-
figured such that the primary-side capacitor voltage V1
and the secondary-side capacitor voltage V2 are further
input thereto.

[0123] Fig. 31illustrates a configuration example of the
current-command converting unit 31b according to the
fourth embodiment of the present invention. As shown in
Fig. 31, in the current-command converting unit 31b, the
primary-side capacitor voltage V1 and the secondary-
side capacitor voltage V2 pass through band-pass filters
120a and 120b, respectively, thereby obtaining a prima-
ry-side capacitor-voltage-oscillation suppressing opera-
tion amount VIDMP and a secondary-side capacitor-
voltage-oscillation suppressing operation amount
V2DMP that are alternating current components in which
gain and phase are adjusted. The V1IDMP is added to
the power command P* by an adder 121 and the V2DMP
is subtracted from the power command P* by a subtractor
122, and the result thereof is divided by the coupling unit
voltage VL by a divider 41 to be the coupling-reactor base
current command ILO*.

[0124] With this configuration, when the primary-side
capacitor voltage V1 tends to increase, the power com-
mand P* is adjusted so that the coupling unit power PL
is increased, and when the primary-side capacitor volt-
age V1 tends to decrease, the power command P* is
adjusted so that the coupling unit power PL is decreased.
[0125] When the secondary-side capacitor voltage V2
tends to increase, the power command P* is adjusted so
that the coupling unit power PL is decreased, and when
the secondary-side capacitor voltage V2 tends to de-
crease, the power command P* is adjusted so that the
coupling unit power PL is increased.

[0126] With the above configuration, the bidirectional
buck boost DC-DC converter according to the fourth em-
bodiment of the present invention can suppress voltage
oscillation of the primary-side capacitor voltage V1 and
the secondary-side capacitor voltage V2, so that control
can be made more stably.

Fifth Embodiment.

[0127] Aconfiguration of a bidirectional buck boost DC-
DC converter according to the fifth embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. Only parts different from the bidi-
rectional buck boost DC-DC converter in the first embod-
iment of the present invention are described below.

[0128] Fig. 32is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the fifth
embodiment of the present invention. In the bidirectional
buck boost DC-DC converter in the fifth embodiment, the
voltage detector 6 that detects the coupling unit voltage
VL is omitted, and a control unit 30e has the following
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characteristics.

[0129] Fig. 33 is a diagram illustrating a configuration
example of the control unit 30e according to the fifth em-
bodiment of the present invention.

[0130] As shown in Fig. 33, a multiplier 37b generates
a product of the primary-side capacitor voltage V1 and
the primary-side modulation ratio command VREF1, and
the result thereof is used as the coupling unit voltage VL.
[0131] With the above configuration, the bidirectional
buck boost DC-DC converter according to the fifth em-
bodiment of the present invention can omit the voltage
detector 6 that detects the coupling unit voltage VL, so
that the apparatus as a whole can be configured smaller
and more lightweight.

Sixth Embodiment.

[0132] A configuration of a bidirectional buck boostDC-
DC converter according to the sixth embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. Only parts different from the bidi-
rectional buck boost DC-DC converter in the first embod-
iment of the present invention are described below.
[0133] Fig. 34 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the sixth
embodiment of the present invention. In the bidirectional
buck boost DC-DC converter in the sixth embodiment,
the voltage detector 6 that detects the coupling unit volt-
age VL is omitted, and a control unit 30f has the following
characteristics.

[0134] Fig. 35 is a diagram illustrating a configuration
example of the control unit 30f according to the sixth em-
bodiment of the present invention.

[0135] As shown in Fig. 35, a multiplier 37c in the con-
trol unit 30f generates a product of the secondary-side
capacitor voltage V2 and the secondary-side modulation
ratio command VREF2, and the result thereof is used as
the coupling unit voltage VL.

[0136] With the above configuration, the bidirectional
buck boost DC-DC converter according to the sixth em-
bodiment of the present invention can omit the voltage
detector 6 that detects the coupling unit voltage VL, so
that the apparatus as a whole can be configured smaller
and more lightweight.

Seventh Embodiment.

[0137] A configuration of a bidirectional buck boostDC-
DC converter according to the seventh embodiment of
the present invention is explained in detail below with
reference to the drawings. Only parts different from the
bidirectional buck boost DC-DC converter in the first em-
bodiment of the present invention are described below.
[0138] Fig. 36 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the sev-
enth embodiment of the present invention. A control unit
30g has the following characteristics.

[0139] Fig. 37 is a diagram illustrating a configuration
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example of the control unit 30g according to the seventh
embodiment of the present invention.

[0140] A modulation ratio command generating unit
34b has the following characteristics.

[0141] Fig. 38 is a diagram illustrating a configuration
example of the modulation ratio command generating
unit 34b according to the seventh embodiment of the
present invention.

[0142] Thedivider210adividesthe secondary-side ca-
pacitor voltage V2 by the primary-side capacitor voltage
V1, and the upper and lower limits of the calculated value
is limited by a limiter 214a, which is further multiplied by
a conduction rate gain GREF by a multiplier 215a to be
the primary-side base modulation ratio command
VREF1A. The divider 210b divides the primary-side ca-
pacitor voltage V1 by the secondary-side capacitor volt-
age V2, and the upper and lower limits of the calculated
value is limited by a limiter 214b, which is further multi-
plied by the conduction rate gain GREF by a multiplier
215b to be the secondary-side base modulation ratio
command VREF2A.

[0143] The conduction rate gain GREF can be any ar-
bitrary value between zero and one.

[0144] The lower and upper limits of the limiters 214a
and 214b are set zero and one.

[0145] With the above configuration, for example,
when the GREF is 0.9, the primary-side base modulation
ratio command VREF1A is calculated by multiplying a
value that is obtained by limiting the upper limit of the
V2/V1 to 1 by 0.9, and the secondary-side base modu-
lation ratio command VREF2A is calculated by multiply-
ing a value that is obtained by limiting the upper limit of
the V1/V2 to 1 by 0.9, any of which takes the maximum
value of 0.9.

[0146] The primary-side modulation ratio command
VREF1 and the secondary-side modulation ratio com-
mand VREF2 are values that are calculated by adding
the current difference DIL and the DIL2 that is obtained
by inverting a sign of the current difference DIL by the
sign inverting circuit 212 by the adders 211a and 211b
to the primary-side base modulation ratio command
VREF1A and the secondary-side base modulation ratio
command VREF2A, respectively. If the DIL and the DIL2
are ignored because they are small in a steady state, the
maximum values of the primary-side modulation ratio
command VREF1 and the secondary-side modulation ra-
tio command VREF2 are 0.9 that is equal to the GREF,
and do not exceed 0.9.

[0147] Specially, even when the primary-side capaci-
tor voltage V1 is equal to the secondary-side capacitor
voltage V2, in which case the primary-side modulation
ratio command VREF1 and the secondary-side modula-
tion ratio command VREF2 take the maximum values,
the maximum values of the primary-side modulation ratio
command VREF1 and the secondary-side modulation ra-
tio command VREF2 are 0.9 that is equal to the conduc-
tion rate gain GREF, and do not exceed 0.9.

[0148] This indicates that the maximum values of the
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primary-side modulation ratio command VREF1 and the
secondary-side modulation ratio command VREF2 can
be limited to the conduction rate gain GREF.

[0149] Furthermore, on/off pulse widths of the switch-
ing elements 11ato 12b are determined depending upon
a magnitude relation between the primary-side modula-
tion ratio command VREF1, the secondary-side modu-
lation ratio command VREF2, and the carrier signal CAR,
so that limiting the maximum values of the primary-side
modulation ratio command VREF1 and the secondary-
side modulation ratio command VREF2 has the meaning
same as limiting the minimum value of the on/off pulse
widths of the switching elements 11a to 12b. In other
words, the minimum pulse widths of the switching ele-
ments 11a to 12b can be arbitrary controlled with the
conduction rate gain GREF.

[0150] Generally, in a switching element, the minimum
value of a pulse width capable of accurately performing
an on/off operation has a limitation because of delay in
the on/off operation. When a gate signal with a pulse
width narrower than several . seconds to overten p sec-
onds is input to a switching element, it is difficult to per-
form the on/off operation in accordance with the gate
signal. Therefore, a pulse width cannot be properly output
in accordance with the gate signal.

[0151] Inthis case, control performance is deteriorated
such as causing a minute difference between the cou-
pling reactor current IL and the coupling-reactor current
command IL*.

[0152] According to the seventh embodiment, the min-
imum pulse widths of the switching elements 11a to 12b
can be set to an arbitrary value with the conduction rate
gain GREF. Therefore, if the GREF is set to a value so
that the switching elements 11a to 12b do not operate
with a pulse width narrower than its limits, specially, even
when the primary-side capacitor voltage V1 is equal to
the secondary-side capacitor voltage V2, in which case
the primary-side modulation ratio command VREF1 and
the secondary-side modulation ratio command VREF2
take the maximum values, the switching elements 11a
to 12b are prevented from operating with a pulse width
narrower than its limits.

[0153] Thus, the switching elements 11a to 12b can
properly output pulse widths in accordance with the gate
signals input thereto, so that it is prevented that control
performance is deteriorated such as causing a minute
difference between the coupling reactor current IL and
the coupling-reactor current command IL*.

[0154] Fig. 39 to Fig. 42 are diagrams illustrating a re-
sults of a simulation of operation waveforms of the bidi-
rectional buck boost DC-DC converter to which the con-
figuration of the control unit 30g is applied according to
the seventh embodiment of the present invention. Fig.
39(a) is a diagram illustrating the primary-side terminal
voltage V10 and the secondary-side terminal voltage
V20, Fig. 39(b) is a diagram illustrating the primary-side
modulation ratio command VREF1, Fig. 40(c) is a dia-
gram illustrating the secondary-side modulation ratio
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command VREF2, Fig. 40(d) is a diagram illustrating the
coupling-reactor current command IL*, Fig. 41(e) is a di-
agram illustrating the coupling reactor current IL, Fig.
41(f) is a diagram illustrating the power command P*,
and Fig. 42(qg) is a diagram illustrating the coupling unit
power PL.

[0155] Fig. 39 to Fig. 42 are diagrams illustrating op-
eration waveforms in the case where the conduction rate
gain GREF is set to 0.9, a voltage source that changes
the primary-side terminal voltage V10 between 400V and
800V in a ramp manner at two Hz is connected as the
primary-side power supply 2a, a large-capacity capacitor
with the initial voltage of 600V is connected as the sec-
ondary-side power supply 2b, and the power command
P* is changed in a ramp manner at one Hz within the
range of =500KW. The limiter 70a is set to =1000A, so
that the coupling-reactor current command IL* is limited
within the range of =1000A. The primary-side modulation
ratio command VREF1 and the secondary-side modula-
tion ratio command VREF2 are appropriately adjusted
regardless of a magnitude relation between the primary-
side terminal voltage V10 and the secondary-side termi-
nal voltage V20, and the coupling reactor current IL is
consistent with the coupling-reactor current command
IL*. The coupling-reactor current command IL* is within
the range of =1000A, so that it is operated without being
limited by the limiter 70a. Consequently, it is found that
the coupling unit power PL is consistent with the power
command P* in the whole region.

[0156] Specially, itis confirmed that the maximum val-
ues of the primary-side modulation ratio command
VREF1 and the secondary-side modulation ratio com-
mand VREF2, in which case the primary-side capacitor
voltage V1 is equal to the secondary-side capacitor volt-
age V2, are around 0.9 that is set as the conduction rate
gain GREF. Therefore, it is found that this configuration
can prevent the switching elements 11a to 12b from op-
erating with a pulse width narrower than its limits.
[0157] The conduction rate gain GREF can be
changed to an arbitrary value at an arbitrary timing during
operation.

[0158] For example, when the difference between the
primary-side capacitor voltage V1 and the secondary-
side capacitor voltage V2 is sufficient, the GREF can be
setto 1.0, and only when the difference between the pri-
mary-side capacitor voltage V1 and the secondary-side
capacitor voltage V2 becomes small, the GREF can be
changed to 0.9.

[0159] The conduction rate gain GREF is changed in
the above manner, so that when the difference between
the primary-side capacitor voltage V1 and the secondary-
side capacitor voltage V2 is sufficient, the conduction rate
gain of any of the primary-side converting unit 1a and the
secondary-side converting unit 1b is 1.0. Therefore, the
upper-arm side switching element or the lower-arm side
switching element of the converting unit can be kept in
an on state or off state, enabling to stop the switching
operation. Accordingly, switching loss can be reduced.
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[0160] When the difference between the primary-side
capacitor voltage V1 and the secondary-side capacitor
voltage V2 becomes small, the conduction rate gain
GREF is changed to a value with which the switching
elements 11a to 12b do not operate with a pulse width
over its limits. Therefore, the switching elements 11a to
12b can be prevented from operating with a pulse width
narrower than its limits, so that a pulse width can be prop-
erly output in accordance with the gate signals. Conse-
quently, it is possible to prevent that control performance
is deteriorated such as causing a minute difference be-
tween the coupling reactor current IL and the coupling-
reactor current command IL*.

Eighth Embodiment.

[0161] A configuration of a bidirectional buck boostDC-
DC converter according to the eighth embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. Only parts different from the bidi-
rectional buck boost DC-DC converter in the first embod-
iment of the present invention are described below.
[0162] Fig. 43 is aconfiguration diagram of the bidirec-
tional buck boost DC-DC converter according to the
eighth embodiment of the present invention. A control
unit 30h has the following characteristics.

[0163] Fig. 44 is a diagram illustrating a configuration
example of the control unit 30h according to the eighth
embodiment of the present invention. The signal output
from a modulation ratio command generating unit 34c is
changed to a VREF, and the modulation ratio command
generating unit 34c and a gate-signal generating unit 35b
have the following characteristics.

[0164] Fig. 45 is a diagram illustrating a configuration
example of the modulation ratio command generating
unit 34c according to the eighth embodiment of the
present invention.

[0165] The configuration can be such that a low-pass
filter or the like is inserted into input and output of a func-
tion block of an adder 232 or the like to remove unnec-
essary frequency components, although not shown.
[0166] As shown in Fig. 45, the adder 232 calculates
a sum of the primary-side capacitor voltage V1 and the
secondary-side capacitor voltage V2. Then, a divider 230
divides the secondary-side capacitor voltage V2 by the
sum of the primary-side capacitor voltage V1 and the
secondary-side capacitor voltage V2 to obtain a ratio
V2/(V1+V2) between the secondary-side capacitor volt-
age V2 and the sum of the primary-side capacitor voltage
V1 and the secondary-side capacitor voltage V2. The
ratio V2/(V1+V2) is set as a base modulation ratio com-
mand VREFO that is common to the primary-side and
secondary-side converting units 1a and 1b.

[0167] The current difference DIL is added to the base
modulation ratio command VREFO in an adder 231,
which is set as the modulation ratio command VREF that
is common to the primary-side and secondary-side con-
verting units 1a and 1b.
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[0168] Fig. 46 is a diagram illustrating a configuration
example of the gate-signal generating unit 35b according
to the eighth embodiment of the present invention.
[0169] The configuration can be such that a low-pass
filter or the like is inserted into an input of a comparator
240 to remove unnecessary frequency components, al-
though not shown.

[0170] First, a carrier-signal generating unit 241 gen-
erates the carrier signal CAR that takes a value of zero
to one. Itis appropriate that the carrier signal CAR is, for
example, a triangle wave or a sawtooth wave.

[0171] Then, the comparator 240 and an inverting cir-
cuit 242 determine on/off of the gate signals G1a to G2b
of each of the switching elements 11a to 12b by the fol-
lowing logic in accordance with a magnitude relation be-
tween the modulation ratio command VREF and the car-
rier signal CAR.

[0172] If VREF>CAR, the gate signal G1a to the
switching element 11a of the primary-side converting unit
1ais turned on and the gate signal G2a to the switching
element 12a of the primary-side converting unit 1a is
turned off. At the same time, the gate signal G2b to the
switching element 12b of the secondary-side converting
unit 1b is turned on, and the gate signal G1b to the switch-
ing element 11b of the secondary-side converting unit 1b
is turned off.

[0173] If VREF<CAR, the gate signal G1a to the
switching element 11a is turned off and the gate signal
G2a to the switching element 12a is turned on. At the
same time, the gate signal G2b to the switching element
12bis turned off, and the gate signal G1b to the switching
element 11b is turned on.

[0174] Withthe above configuration, when the primary-
side capacitor voltage V1 is equal to the secondary-side
capacitor voltage V2, the modulation ratio command
VREF is 0.5, and an on/off duty ratio of each of the switch-
ing elements 11a and 12a, and the switching elements
11b and 12b is 50%.

[0175] On the other hand, when the primary-side ca-
pacitor voltage V1 is different from the secondary-side
capacitor voltage V2, the on/off duty ratio of each of the
switching elements 11a and 12a, and the switching ele-
ments 11b and 12b varies around 50% depending upon
the degree of the difference.

[0176] With such an operation, even when the differ-
ence between the primary-side capacitor voltage V1 and
the secondary-side capacitor voltage V2 becomes small,
the switching elements 11ato 12b can be prevented from
operating with a pulse width narrower than its limits. Thus,
the switching elements 11ato 12b can properly output a
pulse width in accordance with the gate signals input
thereto, so that it is prevented that control performance
is deteriorated such as causing a minute difference be-
tween the coupling reactor current IL and the coupling-
reactor current command IL*.

[0177] Fig. 47 to Fig. 49 are diagrams illustrating a re-
sults of a simulation of operation waveforms of the bidi-
rectional buck boost DC-DC converter to which the con-
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figuration of the control unit 30h is applied according to
the eighth embodiment of the present invention. Fig.
47(a) is a diagram illustrating the primary-side terminal
voltage V10 and the secondary-side terminal voltage
V20, Fig. 47(b) is a diagram illustrating the modulation
ratio command VREF, Fig. 48(c) is a diagram illustrating
the coupling-reactor current command IL*, Fig. 48(d) is
adiagram illustrating the coupling reactor current IL, Fig.
49(e) is a diagram illustrating the power command P*,
and Fig. 49(f) is a diagram illustrating the coupling unit
power PL.

[0178] Fig. 47 to Fig. 49 are diagrams illustrating op-
eration waveforms in the case where a voltage source
that changes the primary-side terminal voltage V10 be-
tween 400V and 800V in a ramp manner at two Hz is
connected as the primary-side power supply 2a, a large-
capacity capacitor with the initial voltage of 600V is con-
nected as the secondary-side power supply 2b, and the
power command P* is changed in a ramp manner at one
Hz within the range of =500KW. The limiter 70a is set to
+2000A, so that the coupling-reactor current command
IL* is limited within the range of =2000A. The modulation
ratio command VREF is appropriately adjusted regard-
less of a magnitude relation between the primary-side
terminal voltage V10 and the secondary-side terminal
voltage V20, and the coupling reactor current IL is con-
sistent with the coupling-reactor current command IL*.
The coupling-reactor current command IL* is within the
range of =2000A, so that it is operated without being
limited by the limiter 70a. Consequently, it is found that
the coupling unit power PL is consistent with the power
command P* in the whole region.

[0179] Moreover, itis confirmed that when the primary-
side capacitor voltage V1 is equal to the secondary-side
capacitor voltage V2, the modulation ratio command
VREF is 0.5, and when the primary-side capacitor voltage
V1 is different from the secondary-side capacitor voltage
V2, the modulation ratio command VREF varies around
0.5 depending upon the degree of the difference. There-
fore, it is found that this configuration can prevent the
switching elements 11a to 12b from operating with a
pulse width narrower than its limits.

Ninth Embodiment.

[0180] A configuration of a bidirectional buck boostDC-
DC converter according to the ninth embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. The configuration in the ninth em-
bodimentis based on thatin the eighth embodiment. Only
parts different from the bidirectional buck boost DC-DC
converter in the eighth embodiment of the present inven-
tion are described below.

[0181] Fig. 50 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the ninth
embodiment of the present invention. In the bidirectional
buck boost DC-DC converter in the ninth embodiment,
the voltage detector 6 that detects the coupling unit volt-
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age VL is omitted, and a control unit 30i has the following
characteristics.

[0182] Fig. 51 is a diagram illustrating a configuration
example of the control unit 30i according to the ninth em-
bodiment of the present invention.

[0183] As shown in Fig. 51, a product calculated by a
multiplier 37d by multiplying the modulation ratio com-
mand VREF by the primary-side capacitor voltage V1 is
added in an adder 38a to a product calculated by a mul-
tiplier 37e by multiplying a vale that is calculated by sub-
tracting the modulation ratio command VREF from 1.0
by a subtractor 39a by the secondary-side capacitor volt-
age V2, which is multiplied by 0.5 in a multiplier 37 to be
used as the coupling unit voltage VL.

[0184] With the above configuration, the voltage de-
tector 6 that detects the coupling unit voltage VL can be
omitted, so that the DC-DC converter as a whole can be
configured smaller and more lightweight.

Tenth Embodiment.

[0185] Aconfiguration of a bidirectional buck boost DC-
DC converter according to the tenth embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. Only parts different from the bidi-
rectional buck boost DC-DC converter in the first embod-
iment of the present invention are described below.
[0186] Fig. 52 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the tenth
embodiment of the present invention. A control unit 30j
has the following characteristics.

[0187] Fig. 53 is a diagram illustrating a configuration
example of the control unit 30j according to the tenth
embodiment of the present invention. The signal output
from a modulation ratio command generating unit 34d is
changedtothe VREF, and the modulation ratiocommand
generating unit 34d and a gate-signal generating unit 35c
have the following characteristics.

[0188] Fig. 54 is a diagram illustrating a configuration
example of the modulation ratio command generating
unit 34d according to the tenth embodiment.

[0189] The configuration can be such that a low-pass
filter or the like is inserted into input and output of a func-
tion block of an adder 252 or the like to remove unnec-
essary frequency components, although not shown.
[0190] As shown in Fig. 54, the adder 252 calculates
a sum of the primary-side capacitor voltage V1 and the
secondary-side capacitor voltage V2. Then, a divider 250
divides the primary-side capacitor voltage V1 by the sum
of the primary-side capacitor voltage V1 and the second-
ary-side capacitor voltage V2 to obtain aratioV1/(V1+V2)
between the primary-side capacitor voltage V1 and the
sum of the primary-side capacitor voltage V1 and the
secondary-side capacitor voltage V2. The ratio
V1/(V1+V2) is set as a base modulation ratio command
VREFO that is common to the primary-side and second-
ary-side converting units 1a and 1b.

[0191] The current difference DIL is added to the base
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modulation ratio command VREFO in an adder 251,
which is set as the modulation ratio command VREF that
is common to the primary-side and secondary-side con-
verting units 1a and 1b.

[0192] Fig. 55 is a diagram illustrating a configuration
example of the gate-signal generating unit 35¢ according
to the tenth embodiment of the present invention.
[0193] The configuration can be such that a low-pass
filter or the like is inserted into an input of a comparator
260 to remove unnecessary frequency components, al-
though not shown.

[0194] First, a carrier signal generating unit 261 gen-
erates the carrier signal CAR that takes a value of zero
to one. It is appropriate that the carrier signal CAR is, for
example, a triangle wave or a sawtooth wave.

[0195] Then, the comparator 260 and an inverting cir-
cuit 262 determine on/off of the gate signals G1a to G2b
of each of the switching elements 11a to 12b by the fol-
lowing logic in accordance with a magnitude relation be-
tween the modulation ratio command VREF and the car-
rier signal CAR.

[0196] If VREF>CAR, the gate signal G1a to the
switching element 11a of the primary-side converting unit
1a is turned off and the gate signal G2a to the switching
element 12a of the primary-side converting unit 1a is
turned on. At the same time, the gate signal G2b to the
switching element 12b of the secondary-side converting
unit 1bis turned off, and the gate signal G1b to the switch-
ing element 11b of the secondary-side converting unit 1b
is turned on.

[0197] If VREF<CAR, the gate signal G1a to the
switching element 11a is turned on and the gate signal
G2a to the switching element 12a is turned off. At the
same time, the gate signal G2b to the switching element
12b is turned on, and the gate signal G1b to the switching
element 11b is turned off.

[0198] With the above configuration, when the primary-
side capacitor voltage V1 is equal to the secondary-side
capacitor voltage V2, the modulation ratio command
VREF is 0.5, and the on/off duty ratio of each of the
switching elements 11a and 12a, and the switching ele-
ments 11b and 12b is 50%.

[0199] On the other hand, when the primary-side ca-
pacitor voltage V1 is different from the secondary-side
capacitor voltage V2, the on/off duty ratio of each of the
switching elements 11a and 12a, and the switching ele-
ments 11b and 12b varies around 50% depending upon
the degree of the difference.

[0200] With such an operation, even when the differ-
ence between the primary-side capacitor voltage V1 and
the secondary-side capacitor voltage V2 becomes small,
the switching elements 11a to 12b can be prevented from
operating with a pulse width narrower than its limits. Thus,
the switching elements 11a to 12b can properly output a
pulse width in accordance with the gate signals input
thereto, so that it is prevented that control performance
is deteriorated such as causing a minute difference be-
tween the coupling reactor current IL and the coupling-
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reactor current command IL*.
Eleventh Embodiment.

[0201] Aconfiguration of a bidirectional buck boost DC-
DC converter according to the eleventh embodiment of
the present invention is explained in detail below with
reference to the drawings. The configuration in the elev-
enth embodiment is based on that in the tenth embodi-
ment. Only parts different from the bidirectional buck
boost DC-DC converter in the tenth embodiment of the
present invention are described below.

[0202] Fig. 56 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the elev-
enth embodiment of the present invention. In the bidirec-
tional buck boost DC-DC converter in the eleventh em-
bodiment, the voltage detector 6 that detects the coupling
unit voltage VL is omitted, and a control unit 30k has the
following characteristics.

[0203] Fig. 57 is a diagram illustrating a configuration
example of the control unit 30k according to the eleventh
embodiment of the present invention.

[0204] As shown in Fig. 57, a product calculated by a
multiplier 37g by multiplying the modulation ratio com-
mand VREF by the secondary-side capacitor voltage V2
is added in an adder 38b to a product calculated by a
multiplier 37h by multiplying a vale that is calculated by
subtracting the modulation ratio command VREF from
1.0 by a subtractor 39b by the primary-side capacitor
voltage V1, which is multiplied by 0.5 by a multiplier 37i
to be used as the coupling unit voltage VL.

[0205] With the above configuration, the voltage de-
tector 6 that detects the coupling unit voltage VL can be
omitted, so that the DC-DC converter as a whole can be
configured smaller and more lightweight.

Twelfth Embodiment.

[0206] A configuration of a bidirectional buck boostDC-
DC converter according to the twelfth embodiment of the
present invention is explained in detail below with refer-
ence to the drawings. Only parts different from the bidi-
rectional buck boost DC-DC converter in the first embod-
iment of the present invention are described below.

[0207] Fig. 58 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the
twelfth embodiment of the present invention. In the bidi-
rectional buck boost DC-DC converter in the twelfth em-
bodiment, the current detector 4 that detects the coupling
reactor current IL and the voltage detector 6 that detects
the coupling unit voltage VL are omitted, the current de-
tector 7a that detects the primary-side switching circuit
current |1 is added in the primary-side converting unit 1a,
and a control unit 30m has the following characteristics.
[0208] Fig. 59 is a diagram illustrating a configuration
example of the control unit 30m according to the twelfth
embodiment of the present invention. Different from the
first embodiment, the control unit 30m is configured such
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that the primary-side capacitor voltage V1 is input to a
current-command converting unit 31c, a signal output
from the current-command converting unit 31c is a pri-
mary-side switching-circuit base current command 110*,
an output from a current-command adjusting unit 32c is
a primary-side switching-circuit current command 1%,
and the primary-side switching circuit current 11 is input
to a current control unit 33b, and the configurations of
the current-command converting unit 31c, the current-
command adjusting unit 32¢, and the current control unit
33b have the following characteristics.

[0209] Fig. 60 is a diagram illustrating a configuration
example of the current-command converting unit 31c ac-
cording to the twelfth embodiment of the present inven-
tion.

[0210] The configuration can be such that a low-pass
filter or the like is inserted into input and output of a divider
42 to remove unnecessary frequency components, al-
though not shown.

[0211] As shown in Fig. 60, the divider 42 divides the
command value P* by the primary-side capacitor voltage
V1 to generate the primary-side switching-circuit base
current command [110*.

[0212] Different from the first embodiment, the prima-
ry-side capacitor voltage V1 is input instead of the cou-
pling unit voltage VL, and the primary-side switching-cir-
cuit base current command 110* is output instead of the
coupling-reactor base current command ILO*.

[0213] Fig. 61 is a diagram illustrating a configuration
example of the current-command adjusting unit 32c ac-
cording to the twelfth embodiment of the present inven-
tion. The configuration can be such that a low-pass filter
or the like is inserted into input and output of a limiter 70c
to remove unnecessary frequency components, al-
though not shown.

[0214] As shown in Fig. 61, the current-command ad-
justing unit 32c causes the limiter 70c to limit the upper
and lower limits of the primary-side switching-circuit base
current command 110* by the current-command upper-
limit limiting value ILMTH and the current-command low-
er-limit limiting value ILMTL, and outputs the value as
the primary-side switching-circuit current command 11*.
[0215] The effect brought about by the limiter 70c is
the same as that of the limiter 70a in the firstembodiment,
so that the explanation thereof is omitted.

[0216] Different from the configuration in the first em-
bodiment, the primary-side switching-circuit base current
command 110* is input instead of the coupling-reactor
base currentcommand ILO*, and the primary-side switch-
ing-circuit current command 11* is output instead of the
coupling-reactor current command IL*.

[0217] Fig. 62 is a diagram illustrating a configuration
example of the current control unit 33b according to the
twelfth embodiment of the present invention. The config-
uration can be such that a low-pass filter or the like is
inserted into input and output of a function block of a
subtractor 202 or the like to remove unnecessary fre-
quency components, although not shown.
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[0218] As shown in Fig. 62, a deviation between the
primary-side switching-circuit current command 11* and
the primary-side switching circuit current I1 is generated
in the subtractor 202, which is input to a proportional-
integral controller 203. The output from the proportional-
integral controller 203 is used as the current difference
DIL.

[0219] Different from the configuration in the first em-
bodiment, the primary-side switching-circuit current com-
mand 11* is input instead of the coupling-reactor current
command IL*, and the primary-side switching circuit cur-
rent |1 is input instead of the coupling reactor current IL.
[0220] The control method described in the twelfth em-
bodimentis focused on the primary-side switching circuit
power P1, which is controlled to be consistent with the
power command P*. In other words, the power command
P*is converted into the primary-side switching-circuit cur-
rent command [1* corresponding thereto, which is con-
trolled to be consistent with the actual primary-side
switching circuit current 11.

[0221] Furthermore, when the minor loss in the prima-
ry-side converting unit 1a, the coupling unit 1c, and the
secondary-side converting unit 1b and the minor fluctu-
ation in energy stored in the primary-side capacitor 13a
and the secondary-side capacitor 13b are ignored, the
input/output power P10 of the primary-side power supply
2a, the primary-side switching circuit power P1, and the
input/output power P20 of the secondary-side power sup-
ply 2b become equal on instantaneous value basis.
Therefore, the power flow between the primary-side pow-
er supply 2a and the secondary-side power supply 2b
can be controlled by controlling the primary-side switch-
ing circuit power P1.

[0222] The loss in the primary-side converting unit 1a,
the coupling unit 1¢, and the secondary-side converting
unit 1b is ignored as minor loss in the above; however,
if control accuracy is required to the degree that the loss
cannot be ignored, the control accuracy of the power flow
can be further improved by setting the power command
P* or the primary-side switching-circuit current command
I11* to a value that includes the loss (normally, a few per-
cent of the whole power that is input to or output from the
DC-DC converter), although not shown.

[0223] The fluctuation in energy stored in the primary-
side capacitor 13a and the secondary-side capacitor 13b
is ignored as minor loss in the above; however, if control
accuracy is required to the degree that the fluctuation in
energy cannot be ignored, the transitional control accu-
racy of the power flow can be improved by adjusting the
power command P* or the primary-side switching-circuit
current command 11* depending upon the amount of the
fluctuation in energy stored in the primary-side capacitor
13a and the secondary-side capacitor 13b, although not
shown.

[0224] In Fig. 59, the control unit 30m is configured
such that the power command P* is input from outside;
however, the control unit 30m can be configured such
thata signal corresponding to the primary-side switching-
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circuit base current command 110* or the primary-side
switching-circuit current command [1* is input from out-
side instead of the power command P*. In this case, the
current-command converting unit 31c and the current-
command adjusting unit 32c can be omitted.

[0225] With this configuration, a control system based
on the primary-side switching circuit current I1 can be
constructed, so that the voltage detector and the current
detectorinthe coupling unit 1c can be omitted. Therefore,
the degree of design freedom in structure can be in-
creased.

Thirteenth Embodiment.

[0226] A configuration of a bidirectional buck boostDC-
DC converter according to the thirteenth embodiment of
the present invention is explained in detail below with
reference to the drawings. Only parts different from the
bidirectional buck boost DC-DC converter in the first em-
bodiment of the present invention are described below.
[0227] Fig. 63 is a configuration diagram of the bidirec-
tional buck boost DC-DC converter according to the thir-
teenth embodiment of the present invention. In the bidi-
rectional buck boost DC-DC converter in the thirteenth
embodiment, the current detector 4 that detects the cou-
pling reactor current IL and the voltage detector 6 that
detects the coupling unit voltage VL are omitted, the cur-
rent detector 7b that detects the secondary-side switch-
ing circuit current 12 is added in the secondary-side con-
verting unit 1b, and a control unit 30n has the following
characteristics.

[0228] Fig. 64 is a diagram illustrating a configuration
example of the control unit 30n according to the thirteenth
embodiment of the present invention. Different from the
first embodiment, the control unit 30n is configured such
that the secondary-side capacitor voltage V2 is input to
a current-command converting unit 31d, a signal output
from the current-command converting unit 31d is a sec-
ondary-side switching-circuit base current command
120*, an output from a current-command adjusting unit
32d is a secondary-side switching-circuit current com-
mand 12*, and the secondary-side switching circuit cur-
rent 12 is input to a current control unit 33c, and the con-
figurations of the current-command converting unit 31d,
the current-command adjusting unit 32d, and the current
control unit 33c have the following characteristics.
[0229] Fig. 65 is a diagram illustrating a configuration
example of the current-command converting unit 31d ac-
cording to the thirteenth embodiment of the present in-
vention.

[0230] The configuration can be such that a low-pass
filter or the like is inserted into input and output of a divider
43 to remove unnecessary frequency components, al-
though not shown.

[0231] As shown in Fig. 65, the divider 43 divides the
command value P* by the secondary-side capacitor volt-
age V2 to generate the secondary-side switching-circuit
base current command 120*.
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[0232] Differentfrom the firstembodiment, the second-
ary-side capacitor voltage V2 is input instead of the cou-
pling unit voltage VL, and the secondary-side switching-
circuit base current command 120* is input instead of the
coupling-reactor base current command ILO*.

[0233] Fig. 66 is a diagram illustrating a configuration
example of the current-command adjusting unit 32d ac-
cording to the thirteenth embodiment of the present in-
vention. The configuration can be such that a low-pass
filter or the like is inserted into input and output of a limiter
70d to remove unnecessary frequency components, al-
though not shown.

[0234] As shown in Fig. 66, the current-command ad-
justing unit 32d causes the limiter 70d to limit the upper
and lower limits of the secondary-side switching-circuit
base current command 120* by the current-command up-
per-limit limiting value ILMTH and the current-command
lower-limit limiting value ILMTL, and outputs the value
as the secondary-side switching-circuit current com-
mand 2%,

[0235] The effect brought about by the limiter 70d is
the same asthat of the limiter 70ain the first embodiment,
so that the explanation thereof is omitted.

[0236] Different from the configuration in the first em-
bodiment, the secondary-side switching-circuit base cur-
rent command 120* is input instead of the coupling-reac-
tor base current command ILO*, and the secondary-side
switching-circuit current command 12* is output instead
of the coupling-reactor current command IL*.

[0237] Fig. 67 is a diagram illustrating a configuration
example of the current control unit 33¢ according to the
thirteenth embodiment of the presentinvention. The con-
figuration can be such that a low-pass filter or the like is
inserted into input and output of a function block of a
subtractor 204 or the like to remove unnecessary fre-
quency components, although not shown.

[0238] As shown in Fig. 67, a deviation between the
secondary-side switching-circuit current command 12*
and the secondary-side switching circuit current |2 is gen-
erated in the subtractor 204, which is input to a propor-
tional-integral controller 205. The output from the propor-
tional-integral controller 205 is used as the current differ-
ence DIL.

[0239] Different from the configuration in the first em-
bodiment, the secondary-side switching-circuit current
command |2* is inputinstead of the coupling-reactor cur-
rent command IL*, and the secondary-side switching cir-
cuit current 12 is input instead of the coupling reactor cur-
rent IL.

[0240] The control method described in the thirteenth
embodiment is focused on the power passing through
the first terminal 15b and the second terminal 16b of the
secondary-side switching circuit 10b (hereinafter, re-
ferred to as a secondary-side switching circuit power P2),
which is controlled to be consistent with the power com-
mand P*. In other words, the power command P* is con-
verted into the secondary-side switching-circuit current
command 12* corresponding thereto, which is controlled
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to be consistent with the actual secondary-side switching
circuit current 12.

[0241] Furthermore, when the minor loss in the prima-
ry-side converting unit 1a, the coupling unit 1c, and the
secondary-side converting unit 1b and the minor fluctu-
ation in energy stored in the primary-side capacitor 13a
and the secondary-side capacitor 13b are ignored, the
input/output power P10 of the primary-side power supply
2a, the secondary-side switching circuit power P2, and
the input/output power P20 of the secondary-side power
supply 2b become equal on instantaneous value basis.
Therefore, the power flow between the primary-side pow-
er supply 2a and the secondary-side power supply 2b
can be controlled by controlling the secondary-side
switching circuit power P2.

[0242] The loss in the primary-side converting unit 1a,
the coupling unit 1c, and the secondary-side converting
unit 1b is ignored as minor loss in the above; however,
if control accuracy is required to the degree that the loss
cannot be ignored, the control accuracy of the power flow
can be further improved by setting the power command
P* or the secondary-side switching-circuit current com-
mand [12* to a value that includes the loss (normally, a
few percent of the whole power that is input to or output
from the DC-DC converter), although not shown.
[0243] The fluctuation in energy stored in the primary-
side capacitor 13a and the secondary-side capacitor 13b
is ignored as minor loss in the above; however, if control
accuracy is required to the degree that the fluctuation in
energy cannot be ignored, the transitional control accu-
racy of the power flow can be improved by adjusting the
power command P* or the secondary-side switching-cir-
cuit current command 12* depending upon the amount of
the fluctuation in energy stored in the primary-side ca-
pacitor 13a and the secondary-side capacitor 13b, al-
though not shown.

[0244] InFig.64,the controlunit30nis configured such
that the power command P* is input from outside; how-
ever, the control unit 30n can be configured such that a
command corresponding to the secondary-side switch-
ing-circuit base current command 120* or the secondary-
side switching-circuit current command 12* is input from
outside instead of the power command P*. In this case,
the current-command converting unit 31d and the cur-
rent-command adjusting unit 32d can be omitted.
[0245] With this configuration, a control system based
on the secondary-side switching circuit current 12 can be
constructed, so that the voltage detector and the current
detectorinthe coupling unit 1c can be omitted. Therefore,
the degree of design freedom in structure can be in-
creased.

[0246] The first to thirteenth embodiments are exam-
ples of embodiments and configurations of the present
invention, and are not limited thereto. It goes without say-
ing that the content of the present invention can be per-
formed even by combining some of them, combining with
known technologies, or modifying the configuration with-
in the range not impairing physical meaning.
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Fourteenth Embodiment.

[0247] Fig. 68 is a diagram illustrating an application
example of a bidirectional buck boost DC-DC converter
according to the fourteenth embodiment of the present
invention.

[0248] As shown in Fig. 68, a railway coach drive con-
trol system drives an electric motor 283 by an inverter
for drive control 282 with a sum of the power that is input
to and output from a wire 280 and a rail 284 through a
pantograph 281 and the power from a power storage
device 286 thatis appropriately adjusted by a bidirection-
al buck boost DC-DC converter 285 constructed as ex-
plained in the first to thirteenth embodiments.

[0249] The bidirectional buck boost DC-DC converter
285 is operated to output appropriate amount of power
from the power storage device 286 at an appropriate tim-
ing such as when the vehicle is in a power running state,
and adversely to absorb appropriate amount of power at
an appropriate timing such as when braking the vehicle.
[0250] With such a configuration, regenerative energy
of the vehicle is effectively used.

[0251] The bidirectional buck boost DC-DC converter
285 according to the fourteenth embodiment of the
present invention is controlled by the units described in
the firstto thirteenth embodiments to realize flow of power
that is consistent with the power command P* input from
the inverter for drive control 282. The power command
P* can be input from a device (for example, a vehicle
information managing device, not shown) other than the
inverter for drive control 282. Although the bidirectional
buck boost DC-DC converter 285 has a function of trans-
mitting the operation state to the inverter for drive control
282, the bidirectional buck boost DC-DC converter 285
can transmit it to a device (for example, a vehicle infor-
mation managing device, not shown) other than the in-
verter for drive control 282.

[0252] It goes without saying that the configuration can
be such that the primary-side switching-circuit current
command I1*, the secondary-side switching-circuit cur-
rent command 2%, the coupling-reactor current com-
mand IL*, or the like is input to the bidirectional buck
boost DC-DC converter 285 instead of the power com-
mand P*.

[0253] With this configuration, power can be controlled
bidirectionally while the terminal voltage of the power
storage device 286 is set to an appropriate value regard-
less of the voltage of the wire 280. Therefore, the voltage
of the power storage device 286 can be raised higher
than that of the wire 280, so that the current of the bidi-
rectional buck boost DC-DC converter 285 or the power
storage device 286 can be lowered, enabling to construct
an efficient railway coach drive control system that is
smaller and more lightweight.

Fifteenth Embodiment.

[0254] Fig. 69 is a diagram illustrating an application
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example of a bidirectional buck boost DC-DC converter
according to a fifteenth embodiment of the present in-
vention.

[0255] As shown in Fig. 69, a railway feeder system
that supplies power to a vehicle 288 by a direct-current
power source 287 connected to the wire 280 and the rail
284 has a function of outputting the power of the power
storage device 286 to the wire 280 side or adversely ab-
sorbing the power from the wire 280 side through the
bidirectional buck boost DC-DC converter 285 of the first
to thirteenth embodiments connected to the wire 280 and
the rail 284.

[0256] The bidirectional buck boost DC-DC converter
285 is operated so that, for example, when the voltage
of the wire 280 drops, appropriate amount of power is
output from the power storage device 286, and when the
voltage of the wire 280 rises, appropriate amount of pow-
er is absorbed in the power storage device 286.

[0257] The bidirectional buck boost DC-DC converter
285 can perform control that realizes flow of power con-
sistent with the power command p* from a system control
device 289.

[0258] With such a configuration, fluctuation in voltage
ofthe wire 280 is effectively suppressed and regenerative
energy of the vehicle is effectively utilized.

[0259] It goes without saying that the configuration can
be such that the primary-side switching-circuit current
command I1*, the secondary-side switching-circuit cur-
rent command 12%, the coupling-reactor current com-
mand IL*, or the like can be input to the bidirectional buck
boost DC-DC converter 285 instead of the power com-
mand P*.

[0260] With the bidirectional buck boost DC-DC con-
verter 285 in the fifteenth embodiment, power can be
controlled bidirectionally while the terminal voltage of the
power storage device 286 is set to an appropriate value
regardless of the voltage of the wire. Therefore, the volt-
age of the power storage device 286 can be raised higher
than that of the wire 280, so that the current of the bidi-
rectional buck boost DC-DC converter 285 or the power
storage device 286 can be lowered, enabling to construct
an efficient railway feeder system that is smaller and
more lightweight.

[0261] The fourteenth and fifteenth embodiments only
describe the application examples of the bidirectional
buck boost DC-DC converter and therefore are not lim-
ited thereto, and can of course be applied to various fields
handling a direct-current power such as an elevator driv-
ing device, a hybrid vehicle, an electric vehicle, and a
direct-current power source by, for example, combining
with known technologies.

Claims
1. Abidirectional buck boost DC-DC converter in which

a direct-current power is supplied bidirectionally be-
tween two direct-current voltage sources of a prima-
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ry-side power supply (2a) and a secondary-side pow-
er supply (2b), the bidirectional buck boost DC-DC
converter comprising:

perform control so that a selected one of
detected currents (11, 12, IL) is consistent
with a command value (P*) corresponding

to the selected one of the detected currents,

a primary-side converting unit (1a) that is con- % and
nected to an input/output terminal (23a, 24a) of control a power conversion operation on the
the primary-side power supply and is configured primary-side converting unit (1a) and the
to perform a power conversion operation on the secondary-side converting unit (1b) based
primary-side power supply and that comprises on the detected voltage (V1) of the primary-
a primary-side switching circuit (10a) which in- 70 side converting unit (1a) on a power supply
cludes upper-arm side and lower-arm side side, the detected voltage (V2) of the sec-
switching elements (11a, 12a) havingacommon ondary-side converting unit (1b) on a power
first connecting terminal (17a); supply side, the selected one of the currents
asecondary-side converting unit (1b) thatis con- (11, 12, IL), and a coupling-inductor current
nected to an input/output terminal (23b, 24b) of 15 command signal (IL*) based on the com-
the secondary-side power supply and is config- mand value (P*) corresponding to the se-
ured to perform a power conversion operation lected one of the currents (I1, 12, IL),
on the secondary-side power supply and that characterized in that
comprises a secondary-side switching circuit the control unit (30a to 30n) is further con-
(10b) which includes further upper-arm side and 20 figured to determine the coupling-inductor
lower-arm side switching elements (11b, 12b) current command value (IL*) based addi-
having a common second connecting terminal tionally on the coupling unit voltage (VL),
(17b); the power conversion operation is control-
a coupling unit (1c) that connects the primary- led such that a direction and a magnitude
side converting unit and the secondary-side 25 of a power flowing bidirectionally between
converting unit to each other and that mediates the primary-side power supply and the sec-
supply and reception of a power between the ondary-side power supply are controlled to
primary-side converting unit and the secondary- be continuously variable on instantaneous
side converting unit, wherein the coupling unit value basis regardless of a magnitude rela-
(1c)includes a coupling reactor (3), whichis con- 30 tion between a voltage of the primary-side
nected between the first connecting terminal power supply and a voltage of the second-
(17a) and the second connecting terminal (17b), ary-side power supply in a state where the
and a connecting line (5), which connects a low- two direct-current voltage sources are con-
er-arm side of the primary-side switching circuit nected to each other, and in that the control
(10a) with a lower-arm side of the secondary- 35 unit (30a to 30n) further comprises:
side switching circuit (10b);
a control unit (30a to 30n) that is configured to: a modulation ratio command generat-
ing unit (34a) that is configured to gen-
detect at least the following two voltages: a erate a first modulation ratio command
voltage (V1) of the primary-side converting 40 (VREF1) derived from a ratio (V2/V1)
unit (1a) on a power supply side and a volt- which is obtained by dividing the detect-
age (V2) of the secondary-side converting ed voltage (V2) of the secondary side
unit(1b) on a power supply side from among converting unit on a power supply side
the following three voltages: the voltage by the detected voltage (V1) of the pri-
(V1) of the primary-side converting unit (1a) 45 mary-side converting unit on a power
on a power supply side, the voltage (V2) of supply side for controlling the primary-
the secondary-side converting unit (1b) on side converting unit (1a) and a second
a power supply side, and a coupling unit modulation ratio command (VREF2)
voltage (VL) between an arbitrary point be- derived from an inverse (V1/V2) of the
tween the first connecting terminal (17a) 50 ratio for controlling the secondary-side
and the second connecting terminal (17b) converting unit (1b); and
and the connecting line (5), a gate-signal generating unit (35a) that
detect at least one of a current (I1) flowing is configured to generate a gate signal
into/out of the primary-side converting unit for the switching elements based on the
55

(1a), a current (12) flowing into/out of the
secondary-side converting unit (1b), and a
current (IL) flowing into/out of the coupling
unit (1c),

24

modulation ratio command (VREF1,
VREF2) generated by the modulation
ratio command generating unit (34a).
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2. The bidirectional buck boost DC-DC converter ac-

cording to claim 1,
wherein the control unit (30a to 30n) further includes:

a current-command transforming unit (31a) con-
figured to generate a coupling-reactor base cur-
rent command value (IL0*) based on the com-
mand value (P*),

and a current-command adjusting unit (32b)
configured to adjust the coupling-reactor base
current command value (ILO*) and to generate
a coupling-inductor current command (IL*),
wherein the current-command adjusting unit
(32b) is configured to limit an upper limit and to
limit a lower limit of the coupling-reactor base
currentcommand value (IL0*) to an arbitrary val-
ue.

3. The bidirectional buck boost DC-DC converter ac-

cording to claim 1 or 2, wherein the primary-side con-
verting unit (1a) further includes:

a primary-side capacitor (13a) that is connected
in parallel with a primary-side switching circuit;
and

a first voltage detector (14a) that is configured
to detect a voltage of the primary-side capacitor
and to output a detected voltage to the control
unitas the voltage of the primary-side converting
unit on a power supply side, wherein the prima-
ry-side switching circuit (10a) includes two
switching elements connected in series, the sec-
ondary-side converting unit (1b) further includes
a secondary-side capacitor (13b) that is con-
nected in parallel with a secondary-side switch-
ing circuit, and

a second voltage detector (14b) that is config-
ured to detect a voltage of the secondary-side
capacitor and to output a detected voltage to the
control unit as the voltage of the secondary-side
converting unit on a power supply side, wherein
the secondary-side switching circuit (10b) in-
cludes two switching elements connected in se-
ries, and

the coupling unit (1c) includes the coupling re-
actor (3) and the connection line (5).

The bidirectional buck boost DC-DC converter ac-
cording to claim 3, further comprising a first current
detector (4) thatis configured to detect a current flow-
ing in the coupling unit (1¢) and output a detected
current to the control unit (30a to 30n) as the current
flowing into/out of the coupling unit (1c),

wherein the control unit (30a to 30n) is configured to
output a control signal for performing a power con-
version operation on the primary-side converting unit
(1a) and the secondary-side converting unit (1b) so
that a value based on a signal detected by the first
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current detector (4) is consistent with a correspond-
ing command value.

The bidirectional buck boost DC-DC converter ac-
cording to claim 3 or 4, further comprising a second
current detector thatis configured to detect a current
flowing in the connection line (5) and outputs detect-
ed current to the control unit (30a to 30n) as the cur-
rent flowing into/out of the coupling inductor (1c),
wherein the control unit (30a to 30n) outputs a control
signal for performing a power conversion operation
on the primary-side converting unit (1a) and the sec-
ondary-side converting unit(1b) so that a value
based on a signal detected by the second current
detector (4) is consistent with a corresponding com-
mand value.

The bidirectional buck boost DC-DC converter ac-
cording to claim 3 to 5, further comprising a third
current detector (7a, 7b) that is configured to detect
a current flowing in a first terminal (15a, 15b) that is
a positive terminal of the primary-side switching cir-
cuit or the secondary-side switching circuit, and to
output a detected current to the control unit as the
current flowing into/out of the primary-side convert-
ing unit,

wherein the control unit is configured to output a con-
trol signal for performing a power conversion oper-
ation on the primary-side converting unitand the sec-
ondary-side converting unit so that a value based on
a signal detected by the third current detector is con-
sistent with a corresponding command value.

The bidirectional buck boost DC-DC converter ac-
cording to claim 3 to 6, further comprising a fourth
current detector thatis configured to detect a current
flowing in a second terminal (16a, 16b) that is a neg-
ative terminal of the primary-side switching circuit on
the primary-side power supply side or a negative ter-
minal of the secondary-side switching circuit on the
secondary-side power supply side, and to output a
detected current to the control unit as the current
flowing into/out of the coupling inductor,

wherein the control unit is configured to output a con-
trol signal for performing a power conversion oper-
ation on the primary-side converting unitand the sec-
ondary-side converting unit so that a value based on
a signal detected by the fourth current detector is
consistent with a corresponding command value.

The bidirectional buck boost DC-DC converter ac-
cording to any one of claims 4 to 7, wherein when a
power command value (P*) is input from outside, the
control unit includes:

a current-command converting unit (31a, 31b,
31c, 31d) that is configured to obtain a coupling-
reactor base current command value (ILO*)
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based on the power command value (P*);

a current control unit (33a, 33b, 33c) that is con-
figured to generate a deviation between the cur-
rent command value and a signal input from any
one of the first current detector, the second cur-
rent detector, the third current detector, and the
fourth current detector;

wherein the modulation ratio command gener-
ating unit (34a) is configured to generate a first
modulation ratio command and a second mod-
ulation ratio command by further using the de-
viation.

The bidirectional buck boost DC-DC converter ac-
cording to claim 8,

wherein the control unitincludes a current-command
adjusting unit (32b) that is configured to adjust the
current command value based on a signal input from
any one of the first current detector, the second cur-
rent detector, the third current detector, and the
fourth current detector, and signals input from the
first voltage detector and the second voltage detec-
tor.

The bidirectional buck boost DC-DC converter ac-
cording to claim 9,

wherein the current-command adjusting unit is con-
figured to limit an upper limit and a lower limit of the
current command value to an arbitrary value.

The bidirectional buck boost DC-DC converter ac-
cording to claims 8 to 10,

wherein the current-command converting unitis con-
figured to generate the current command value
based on the power command value and signals in-
put from the first voltage detector and the second
voltage detector.

The bidirectional buck boost DC-DC converter ac-
cording to claims 8 to 11, further comprising a third
voltage detector (6) that is configured to detect a
voltage at an arbitrary point between the first con-
necting terminal (17a) and the second connecting
terminal (17b) and the connecting line (5),

wherein the current-command converting unitis con-
figured to generate the current command value by
using the power command value (P*) and signals
input from the first voltage detector, the second volt-
age detector, and the third voltage detector.

The bidirectional buck boost DC-DC converter ac-
cording to claims 9 to 12, depending on claim 9,
wherein the current control unit includes a propor-
tional-integral controller (201, 202, 204) that is con-
figured to amplify a deviation between the current
command value adjusted by the current-command
adjusting unit and a signal input from any one of the
first current detector, the second current detector,
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the third current detector, and the fourth current de-
tector.

The bidirectional buck boost DC-DC converter ac-
cording to claim 8 - 13, wherein the gate-signal gen-
erating unit is configured to compare each of the first
modulation ratio command and the second modula-
tion ratio command with a predetermined carrier sig-
nal, and to generate a gate signal for controlling
on/off of each of the switching elements of an upper-
arm side switching element (11a) and a lower-arm
side switching element (12a) of the primary-side
switching circuit and each of the switching elements
of an upper-arm side switching element (11b) and a
lower-arm side switching element (12b) of the sec-
ondary-side switching circuit.

A railway coach drive control system comprising:

an inverter (282) for drive control that is config-
ured to feed a power supplied from a wire (280)
to an electric motor (283) as a drive power;

a power storage device (286) that is configured
to store a power supplied from the wire; and

a bidirectional buck boost DC-DC converter
(285) according to anyone of claims 1 or 2.

The railway coach drive control system according to
claim 15, wherein a positive terminal (15a) of the
primary-side converting unit is connected to a pan-
tograph (281) and a positive electrode side of the
inverter for drive control,

a negative terminal (16a) of the primary-side con-
verting unit is connected to a return line circuit (284)
and a negative electrode side of the inverter for drive
control,

a positive terminal (15b) of the secondary-side con-
verting unit is connected to a positive electrode side
of the power storage device (286), and

a negative terminal (16b) of the secondary-side con-
verting unitis connected to a negative electrode side
of the power storage device (286).

A railway feeder system that supplies a power to a
vehicle by a direct-current power source connected
to a wire and a rail, the railway feeder system com-
prising:

an inverter (282) for drive control that is config-
ured tofeed a power supplied from the wire (280)
to an electric motor (283) as a drive power;

a power storage device (286) that is configured
to store a power supplied from the wire; and

a bidirectional buck boost DC-DC converter
(285) according to anyone of claims 1 or 2.

The railway feeder system according to claim 17,
wherein
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a positive terminal (15a) of the primary-side convert-
ing unitis connected to the wire (280) and a negative
terminal (16a) of the primary-side converting unit is
connected to the rail (284),

a positive terminal (15b) of the secondary-side con-
verting unit is connected to a positive electrode side
of the power storage device (286), and

a negative terminal (16b) of the secondary-side con-
verting unit is connected to a negative electrode side
of the power storage device (286).

Patentanspriiche

1.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler bei dem eine Gleichstromen-
ergie bidirektional zwischen zwei Gleichspannungs-
quellen einer primarseitigen Energieversorgung (2a)
und einer sekundarseitigen Energieversorgung (2b)
zugefihrt wird, wobei der bidirektionale Auf-
warts-/Abwarts-Gleichstrom-Gleichstrom-Wandler
umfasst:

eine primarseitige Umwandlungseinheit (1a),
die an einen Eingangs-/Ausgangsanschluss
(23a, 24a) der primarseitigen Energieversor-
gung angeschlossen und dazu ausgelegtist, ei-
nen Energieumwandlungsvorgang an der pri-
marseitigen Energieversorgung durchzufiihren,
und die einen primarseitigen Schaltkreis (10a)
umfasst, der oberzweigseitige und unterzweig-
seitige Schaltelemente (11a, 12a) mit einem ge-
meinsamen ersten  Verbindungsanschluss
(17a) enthalt;

eine sekundarseitige Umwandlungseinheit(1b),
die an einen Eingangs-/Ausgangsanschluss
(23b, 24b) der sekundarseitigen Energieversor-
gung angeschlossen und dazu ausgelegtist, ei-
nen Energieumwandlungsvorgang an der se-
kundarseitigen Energieversorgung durchzufiih-
ren, und die einen sekundarseitigen Schaltkreis
(10b)umfasst, der weitere oberzweigseitige und
unterzweigseitige Schaltelemente (11b, 12b)
mit einem gemeinsamen zweiten Verbindungs-
anschluss (17b) enthalt;

eine Kopplungseinheit (1c), welche die priméar-
seitige Umwandlungseinheit und die sekundar-
seitige Umwandlungseinheit miteinander ver-
bindet und eine Zufuhr und einen Empfang einer
Energie zwischen der primarseitigen Umwand-
lungseinheit und der sekundarseitigen Um-
wandlungseinheit vermittelt, wobei die Kopp-
lungseinheit (1c) einen Kopplungsreaktor (3),
der zwischen dem ersten Verbindungsan-
schluss (17a) und dem zweiten Verbindungsan-
schluss (17b) angeschlossen ist, und eine Ver-
bindungleitung (5) enthalt, die eine Unterzweig-
seite des priméarseitigen Schaltkreises (10) mit
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einer Unterzweigseite des sekundarseitigen
Schaltkreises (10b) verbindet;

eine Steuereinheit (30a bis 30n), die dazu aus-
gelegt ist:

zumindest die folgenden zwei Spannungen
zu erfassen: eine Spannung (V1) der pri-
marseitigen Umwandlungseinheit (1a) auf
einer Energieversorgungsseite und eine
Spannung (V2) der sekundarseitigen Um-
wandlungseinheit (1b) auf einer Energie-
versorgungsseite, und zwar aus den folgen-
den drei Spannungen: der Spannung (V1)
der primarseitigen Umwandlungseinheit
(1a) aufeiner Energieversorgungsseite, der
Spannung (V2) der sekundarseitigen Um-
wandlungseinheit (1b) auf einer Energie-
versorgungsseite und einer Kopplungsein-
heitenspannung (VL) zwischen einem be-
liebigen Punkt zwischen dem ersten Ver-
bindungsanschluss (17a) und dem zweiten
Verbindungsanschluss (17b) und der Ver-
bindungsleitung (5),

einen Strom (11), der in die/aus der primar-
seitige/n Umwandlungseinheit (1a) flie3t,
einen Strom (12), der in die/aus der sekun-
darseitige/n Umwandlungseinheit (1b)
flieRt, und/oder einen Strom (IL) zu erfas-
sen, der in die/aus der Kopplungseinheit
(1c) flieRt,

eine Steuerung so durchzufiihren, dass ein
ausgewahlter der erfassten Strome (1, 12,
IL) mit einem Befehlswert (P*) in Einklang
steht, der dem ausgewahlten der erfassten
Strome entspricht, und

einen Energieumwandlungsvorgang an der
primarseitigen Umwandlungseinheit (1a)
und der sekundarseitigen Umwandlungs-
einheit (1b) auf Grundlage der erfassten
Spannung (V1) der priméarseitigen Um-
wandlungseinheit (1a) auf einer Energie-
versorgungsseite, der erfassten Spannung
(V2) der sekundarseitigen Umwandlungs-
einheit (1b) auf einer Energieversorgungs-
seite, des ausgewahlten der Stréme (11, 12,
IL) und eines Kopplungsinduktorstrombe-
fehlssignals (IL*) zu steuern, das auf dem
Befehlswert (P*) beruht, der dem ausge-
wahlten der Strome (11, 12, IL) entspricht,
dadurch gekennzeichnet, dass

die Steuereinheit (30a bis 30n) darlber hi-
naus dazu ausgelegt ist, den Kopplungsin-
duktorstrombefehlswert (IL*) zu bestim-
men, der zusatzlich auf der Kopplungsein-
heitenspannung (VL) beruht,

der Energieumwandlungsvorgang derart
gesteuertwird, dass eine Richtung und eine
GroéRenordnung einer Energie, die bidirek-
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tional zwischen der primarseitigen Energie-
versorgung und der sekundarseitigen En-
ergieversorgung fliet, so gesteuert wer-
den, dass sie auf Momentanwertbasis, un-
geachtet des GréRenordnungsverhaltnis-
ses zwischen einer Spannung der primar-
seitigen Energieversorgung und einer
Spannung der sekundarseitigen Energie-
versorgung, in einem Zustand kontinuier-
lich variabel sind, in dem die zwei Gleich-
spannungsquellen  aneinander  ange-
schlossen sind, und dass die Steuereinheit
(30a bis 30n) darliber hinaus umfasst:
eine Modulationsverhaltnisbefehlsgenerie-
rungseinheit (34a), die dazu ausgelegt ist,
einen ersten Modulationsverhaltnisbefehl
(VREF1), der von einem Verhaltnis (V2/V1)
abgeleitet ist, das erhalten wird, indem die
erfasste Spannung (V2) der sekundarseiti-
gen Umwandlungseinheit auf einer Ener-
gieversorgungsseite durch die erfasste
Spannung (V1) der primarseitigen Um-
wandlungseinheit auf einer Energieversor-
gungsseite dividiert wird, und einen zweiten
Modulationsverhaltnisbefehl (VREF2) zu
generieren, der von einer Umkehrung
(V1/V2)des Verhaltnisses abgeleitetist,um
die sekundarseitige Umwandlungseinheit
(1b) zu steuern; und

eine Gate-Signalgenerierungseinheit
(35a), die dazu ausgelegt ist, ein Gate-Sig-
nal fir die Schaltelemente auf Grundlage
des durch die Modulationsverhaltnisbe-
fehlsgenerierungseinheit (34a) generierten
Modulationsverhaltnisbefehls (VREF1,
VREF2) zu generieren.

Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 1, wobei die
Steuereinheit (30a bis 30n) dartiber hinaus enthalt:

eine Strombefehlstransformierungseinheit
(31a), die dazu ausgelegt ist, einen Kopplungs-
reaktorbasisstrombefehlswert (IL0*) auf Grund-
lage des Befehlswerts (P*) zu generieren,

und eine Strombefehlseinstelleinheit (32b), die
dazu ausgelegt ist, den Kopplungsreaktorba-
sisstrombefehlswert (IL0*) einzustellen und ei-
nen Kopplungsinduktorstrombefehl (IL*) zu ge-
nerieren, wobei die Strombefehlseinstelleinheit
(32b) dazu ausgelegt ist, eine Obergrenze und
eine Untergrenze des Kopplungsreaktorba-
sisstrombefehlswerts (ILO*) auf einen beliebi-
gen Wert zu begrenzen.

Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 1 oder 2, wo-
bei die primarseitige Umwandlungseinheit (1a) dar-
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Uber hinaus enthalt:

einen primarseitigen Kondensator (13a), der mit
einem primarseitigen Schaltkreis parallelge-
schaltet ist; und

einen ersten Spannungsdetektor (14a), der da-
zu ausgelegt ist, eine Spannung des primarsei-
tigen Kondensators zu erfassen und eine er-
fasste Spannung an die Steuereinheit als die
Spannung der priméarseitigen Umwandlungs-
einheit auf einer Energieversorgungsseite aus-
zugeben, wobei der primarseitige Schaltkreis
(10a) zwei in Reihe geschaltete Schaltelemente
enthalt, wobei die sekundarseitige Umwand-
lungseinheit (1b) daruber hinaus enthalt

einen sekundarseitigen Kondensator (13b), der
mit einem sekundarseitigen Schaltkreis paral-
lelgeschaltet ist, und

einen zweiten Spannungsdetektor (14b), der
dazu ausgelegt ist, eine Spannung des sekun-
darseitigen Kondensators zu erfassen und eine
erfasste Spannung an die Steuereinheit als die
Spannung der sekundarseitigen Umwandlungs-
einheit auf einer Energieversorgungsseite aus-
zugeben, wobei der sekundarseitige Schaltkreis
(10b) zwei in Reihe geschaltete Schaltelemente
enthalt, und

die Kopplungseinheit (1c) den Kopplungsreak-
tor (3) und die Verbindungsleitung (5) enthalt.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 3, dartber hi-
naus einen ersten Stromdetektor (4) umfassend, der
dazu ausgelegt ist, einen in der Kopplungseinheit
(1c) flieRenden Strom zu erfassen und einen erfass-
ten Strom an die Steuereinheit (30a bis 30n) als den
Strom auszugeben, der in die/aus der Kopplungs-
einheit (1c) fliet,

wobei die Steuereinheit (30a bis 30n) dazu ausge-
legt ist, ein Steuersignal auszugeben, um einen En-
ergieumwandlungsvorgang an der primarseitigen
Umwandlungseinheit (1a) und der sekundarseitigen
Umwandlungseinheit (1b) so durchzufiihren, dass
ein Wert, der auf einem durch den ersten Stromde-
tektor (4) erfassten Signal beruht, mit einem entspre-
chenden Befehlswert in Einklang steht.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 3 oder 4, dar-
Uber hinaus einen zweiten Stromdetektor umfas-
send, der dazu ausgelegt ist, einen in der Verbin-
dungsleitung (5) flieRenden Strom zu erfassen und
den erfassten Strom an die Steuereinheit (30a bis
30n) als den Strom auszugeben, der in den/aus dem
Kopplungsinduktor (1c) flie3t,

wobei die Steuereinheit (30a bis 30n) ein Steuersi-
gnal ausgibt, um einen Energieumwandlungsvor-
gang an der primarseitigen Umwandlungseinheit
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(1a) und der sekundarseitigen Umwandlungseinheit
(1b) so durchzuflihren, dass ein Wert, der auf einem
durch den zweiten Stromdetektor (4) erfassten Sig-
nal beruht, mit einem entsprechenden Befehlswert
in Einklang steht.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 3 bis 5, dari-
ber hinaus einen dritten Stromdetektor (7a, 7b) um-
fassend, der dazu ausgelegt ist, einen Strom zu er-
fassen, der in einem ersten Anschluss (15a, 15b)
flieRt, bei dem es sich um einen positiven Anschluss
des primarseitigen Schaltkreises oder des sekun-
darseitigen Schaltkreises handelt, und einen erfass-
ten Strom an die Steuereinheit als den Strom aus-
zugeben, der in die/aus der primarseitige/n Um-
wandlungseinheit flief3t,

wobei die Steuereinheit dazu ausgelegt ist, ein Steu-
ersignal auszugeben, um einen Energieumwand-
lungsvorgang an der primarseitigen Umwandlungs-
einheit und der sekundarseitigen Umwandlungsein-
heit so durchzufiihren, dass ein Wert, der auf einem
durch den dritten Stromdetektor erfassten Signal be-
ruht, mit einem entsprechenden Befehlswert in Ein-
klang steht.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 3 bis 6, dari-
ber hinaus einen vierten Stromdetektor umfassend,
der dazu ausgelegt ist, einen Strom zu erfassen, der
in einem zweiten Anschluss (16a, 16b) flielt, bei
dem es sich um einen negativen Anschluss des pri-
marseitigen Schaltkreises auf der primarseitigen En-
ergieversorgungsseite oder einen negativen An-
schluss des sekundarseitigen Schaltkreises auf der
sekundarseitigen Energieversorgungsseite handelt,
und einen erfassten Strom an die Steuereinheit als
den Strom auszugeben, der in den/aus dem Kopp-
lungsinduktor flie3t,

wobei die Steuereinheit dazu ausgelegt ist, ein Steu-
ersignal auszugeben, um einen Energieumwand-
lungsvorgang an der primarseitigen Umwandlungs-
einheit und der sekundarseitigen Umwandlungsein-
heit so durchzufiihren, dass ein Wert, der auf einem
durch den vierten Stromdetektor erfassten Signal
beruht, mit einem entsprechenden Befehlswert in
Einklang steht.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 4 bis 7, wobei,
wenn ein Energiebefehlswert (P*) von auf3en einge-
geben wird, die Steuereinheit enthalt:

eine Strombefehlsumwandlungseinheit (31a,
31b, 31c, 31d), die dazu ausgelegt ist, einen
Kopplungsreaktorbasisstrombefehlswert (ILO*)
auf Grundlage des Energiebefehlswerts (P*) zu
erhalten;
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eine Stromsteuereinheit (33a, 33b, 33c), die da-
zu ausgelegt ist, eine Abweichung zwischen
dem Strombefehlswert und einem Signal zu ge-
nerieren, das vom ersten Stromdetektor, zwei-

ten Stromdetektor, dritten Stromdetektor
und/oder vierten Stromdetektor her eingegeben
wurde;

wobei die Modulationsverhaltnisbefehlsgene-
rierungseinheit (34a) dazu ausgelegt ist, einen
ersten Modulationsverhaltnisbefehl und einen
zweiten Modulationsverhaltnisbefehl zu gene-
rieren, indem die Abweichung weiter verwendet
wird.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 8, wobei die
Steuereinheit eine Strombefehlseinstelleinheit (32b)
enthalt, die dazu ausgelegt ist, den Strombefehls-
wert auf Grundlage eines Signals, das vom ersten
Stromdetektor, zweiten Stromdetektor, dritten
Stromdetektor und/oder vierten Stromdetektor her
eingegeben wurde, und von Signalen einzustellen,
die vom ersten Spannungsdetektor und vom zweiten
Spannungsdetektor her eingegeben werden.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach Anspruch 9, wobei die
Strombefehlseinstelleinheit dazu ausgelegt ist, eine
Obergrenze und eine Untergrenze des Strombe-
fehlswerts auf einen beliebigen Wert zu begrenzen.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach den Anspriichen 8 bis
10, wobei die Strombefehlsumwandlungseinheit da-
zu ausgelegt ist, den Strombefehlswert auf Grund-
lage des Energiebefehlswerts und von Signalen zu
generieren, die vom ersten Spannungsdetektor und
vom zweiten Spannungsdetektor her eingegeben
werden.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach den Anspriichen 8 bis
11, darliber hinaus einen dritten Spannungsdetektor
(6) umfassend, der dazu ausgelegt ist, eine Span-
nung an einem beliebigen Punkt zwischen dem ers-
ten Verbindungsanschluss (17a) und dem zweiten
Verbindungsanschluss (17b) und der Verbindungs-
leitung (5) zu erfassen, wobei

die Strombefehlsumwandlungseinheit dazu ausge-
legt ist, den Strombefehlswert unter Verwendung
des Energiebefehlswerts (P*) und von Signalen zu
generieren, die vom ersten Spannungsdetektor,
vom zweiten Spannungsdetektor und vom dritten
Spannungsdetektor her eingegeben werden.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach den Anspriichen 9 bis
12, abhangend von Anspruch 9, wobei die Strom-
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steuereinheit eine Proportional-Integral-Steuerein-
heit (201, 202, 204) enthalt, die dazu ausgelegt ist,
eine Abweichung zwischen dem durch Strombe-
fehlseinstelleinheit eingestellten Strombefehlswert
und einem Signal zu verstarken, das vom ersten
Spannungsdetektor, vom zweiten Spannungsdetek-
tor, vom dritten Spannungsdetektor und/oder vom
vierten Spannungsdetektor her eingegeben wird.

Bidirektionaler Aufwarts-/Abwarts-Gleichstrom-
Gleichstrom-Wandler nach den Anspriichen 8 bis
13, wobei die Gate-Signalgenerierungseinheit dazu
ausgelegt ist, den ersten Modulationsverhaltnisbe-
fehlund den zweiten Modulationsverhaltnisbefehl je-
weils mit einem vorbestimmten Tragersignal zu ver-
gleichen und ein Gate-Signal zur Einschalt-/Aus-
schaltsteuerung jedes der Schaltelemente eines
oberzweigseitigen Schaltelements (11a) und eines
unterzweigseitigen Schaltelements (12a) des pri-
marseitigen Schaltkreises und jedes der Schaltele-
mente eines oberzweigseitigen Schaltelements
(11b) und eines unterzweigseitigen Schaltelements
(12b) des sekundarseitigen Schaltkreises zu gene-
rieren.

Eisenbahnwagenantriebssteuerungssystem,
fassend:

um-

einen Wechselrichter (282) zur Antriebssteue-
rung, der dazu ausgelegtist, eine aus einem Ka-
bel (280) zugeflihrte Energie als Antriebsener-
gie in einen Elektromotor (283) einzuspeisen;
eine Energiespeichervorrichtung (286), die da-
zu ausgelegtist, eine aus dem Kabel zugefiihrte
Energie zu speichern; und

einen  bidirektionalen  Aufwarts-/Abwarts-
Gleichstrom-Gleichstrom-Wandler (285) nach
einem der Anspriiche 1 oder 2.

Eisenbahnwagenantriebssteuerungssystem nach
Anspruch 15, wobei ein positiver Anschluss (15a)
der primarseitigen Umwandlungseinheit an einen
Stromabnehmer (281) und eine positive Elektroden-
seite des Wechselrichters zur Antriebssteuerung an-
geschlossen ist,

ein negativer Anschluss (16a) der primarseitigen
Umwandlungseinheit an einen Ricklaufkreis (284)
und eine negative Elektrodenseite des Wechselrich-
ters zur Antriebssteuerung angeschlossen ist,

ein positiver Anschluss (15b) der sekundarseitigen
Umwandlungseinheit an eine positive Elektroden-
seite der Energiespeichervorrichtung (286) ange-
schlossen ist, und

ein negativer Anschluss (16b) der sekundarseitigen
Umwandlungseinheit an eine negative Elektroden-
seite der Energiespeichervorrichtung (286) ange-
schlossen ist.
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Eisenbahneinspeisungssystem, das eine Energie
einem Fahrzeug durch eine Gleichstromenergie-
quelle zufiihrt, die an ein Kabel und eine Schiene
angeschlossen ist, wobei das Eisenbahneinspei-
sungssystem umfasst:

einen Wechselrichter (282) zur Antriebssteue-
rung, derdazu ausgelegtist, eine aus dem Kabel
(280) zugefiihrte Energie als Antriebsenergie in
einen Elektromotor (283) einzuspeisen;

eine Energiespeichervorrichtung (286), die da-
zu ausgelegtist, eine aus dem Kabel zugefiihrte
Energie zu speichern; und

einen  bidirektionalen  Aufwarts-/Abwarts-
Gleichstrom-Gleichstrom-Wandler (285) nach
einem der Anspriiche 1 oder 2.

Eisenbahneinspeisungssystem nach Anspruch 17,
wobei

ein positiver Anschluss (15a) der primarseitigen Um-
wandlungseinheit an das Kabel (280) angeschlos-
sen ist, und ein negativer Anschluss (16a) der pri-
marseitigen Umwandlungseinheit an die Schiene
(284) angeschlossen ist,

ein positiver Anschluss (15b) der sekundarseitigen
Umwandlungseinheit an eine positive Elektroden-
seite der Energiespeichervorrichtung (286) ange-
schlossen ist, und

ein negativer Anschluss (16b) der sekundarseitigen
Umwandlungseinheit an eine negative Elektroden-
seite der Energiespeichervorrichtung (286) ange-
schlossen ist.

Revendications

Convertisseur CC-CC abaisseur/élévateur bidirec-
tionnel dans lequel une puissance a courant continu
est fournie de maniére bidirectionnelle entre deux
sources de tension a courant continu d’'une alimen-
tation en puissance cbté primaire (2a) et d’'une ali-
mentation en puissance cété secondaire (2b), le con-
vertisseur CC-CC abaisseur/élévateur bidirection-
nel comprenant :

une unité de conversion coté primaire (1a) qui
est connectée a une borne d’entrée/sortie (23a,
24a)de l'alimentation en puissance cbté primai-
re et est configurée pour effectuer une opération
de conversion de puissance sur l'alimentation
en puissance c6té primaire et qui comprend un
circuit de commutation c6té primaire (10a) qui
inclut des éléments de commutation cété bras
supérieur et coté bras inférieur (11a, 12a) pré-
sentant une premiére borne de connexion com-
mune (17a) ;

une unité de conversion cété secondaire (1b)
qui est connectée a une borne d’entrée/sortie
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(23b, 24b) de I'alimentation en puissance c6té
secondaire et est configurée pour effectuer une
opération de conversion de puissance sur I'ali-
mentation en puissance c6té secondaire et qui
comprend un circuit de commutation cété se-
condaire (10b) qui inclut des éléments de com-
mutation cbété bras supérieur et cété bras infé-
rieur (11b, 12b) supplémentaires présentant
une deuxiéme borne de connexion commune
(17b) ;

une unité de couplage (1c) qui connecte l'unité
de conversion c6té primaire et I'unité de conver-
sion c6té secondaire 'une a l'autre et qui permet
la fourniture et la réception d’une puissance en-
tre I'unité de conversion cbté primaire et I'unité
de conversion cbté secondaire, sachant que
'unité de couplage (1c) inclut un réacteur de
couplage (3), lequel est connecté entre la pre-
miére borne de connexion (17a) et la deuxiéme
borne de connexion (17b), et une ligne de con-
nexion (5), laquelle connecte un cbté bras infé-
rieur du circuit de commutation coété primaire
(10a) a un coété bras inférieur du circuit de com-
mutation c6té secondaire (10b) ;

une unité de commande (30a a 30n) qui est con-
figurée pour :

détecter au moins les deux tensions
suivantes : une tension (V1) de l'unité de
conversion c6té primaire (1a) d’'un cété ali-
mentation en puissance et une tension (V2)
de l'unité de conversion cb6té secondaire
(1b) d’'un cbté alimentation en puissance
parmi les trois tensions suivantes : la ten-
sion (V1) de l'unité de conversion cété pri-
maire (1a) d’'un cété alimentation en puis-
sance, la tension (V2) de I'unité de conver-
sion cbté secondaire (1b) d’'un c6té alimen-
tation en puissance, et une tension d’unité
de couplage (VL) entre un point arbitraire
entre la premiére borne de connexion (17a)
etla deuxieme borne de connexion (17b) et
la ligne de connexion (5),

détecter au moins I'un d’un courant (I1) cir-
culant vers/depuis I'unité de conversion c6-
té primaire (1a), d’'un courant (12) circulant
vers/depuis l'unité de conversion cété se-
condaire (1b), et d’un courant (IL) circulant
vers/depuis 'unité de couplage (1c),
effectuer une commande de telle sorte
qu’un courant sélectionné parmi les cou-
rants détectés (1, 12, IL) concorde avec une
valeur de consigne (P*) correspondant au
courant sélectionné parmi les courants dé-
tectés, et

commander une opération de conversion
de puissance sur l'unité de conversion coté
primaire (1a) et l'unité de conversion cété
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secondaire (1b) sur la base de la tension
détectée (V1) de 'unité de conversion coté
primaire (1a) d’'un c6té alimentation en ten-
sion, de la tension détectée (V2) de l'unité
de conversion c6té secondaire (1b) d’'un c6-
té alimentation en puissance, du courant
sélectionné parmi les courants (11, 12, IL),
et d’un signal de consigne de courant d’in-
ducteur de couplage (IL*) sur la base de la
valeur de consigne (P*) correspondant au
courant sélectionné parmi les courants (11,
12, IL),

caractérisé en ce que

I'unité de commande (30a a 30n) est en
outre configurée pour déterminer la valeur
de consigne de courant d’'inducteur de cou-
plage (IL*) en outre sur la base de la tension
d’'unité de couplage (VL),

'opération de conversion de puissance est
commandée de telle sorte qu’une direction
etune magnitude d’une puissance circulant
de maniere bidirectionnelle entre I'alimen-
tation en puissance cbté primaire et I'ali-
mentation en puissance c6té secondaire
soient commandées pour étre variables en
continu sur la base de la valeur instantanée
indépendamment d’'un rapport de magnitu-
de entre une tension de l'alimentation en
puissance c6té primaire et une tension de
I'alimentation en puissance c6té secondai-
re dans un état ou les deux sources de ten-
sion a courant continu sont connectées
'une a l'autre, et en ce que 'unité de com-
mande (30a a 30n) comprend en outre :

une unité de génération de consigne de rapport
de modulation (34a) qui est configurée pour gé-
nérer une premiére consigne de rapport de mo-
dulation (VREF1) dérivée d’un rapport (V2/V1)
qui est obtenu en divisant la tension détectée
(V2) de l'unité de conversion coté secondaire
d’un c6té alimentation en puissance par la ten-
sion détectée (V1) de I'unité de conversion cbté
primaire d’un c6té alimentation en puissance
afin de commander I'unité de conversion cbté
primaire (1a) et une deuxiéme consigne de rap-
port de modulation (VREF2) dérivée d’un inver-
se (V1/V2) du rapport afin de commander 'unité
de conversion cbté secondaire (1b) ; et

une unité de génération de signal de grille (35a)
qui est configurée pour générer un signal de
grille pour les éléments de commutation sur la
base de la consigne de rapport de modulation
(VREF1, VREF2) générée par l'unité de géné-
ration de consigne de rapport de modulation
(34a).

Le convertisseur CC-CC abaisseur/élévateur bidi-
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rectionnel selonlarevendication 1, sachant que I'uni-
té de commande (30a a 30n) inclut en outre :

une unité de transformation de consigne de cou-
rant (31a) configurée pour générer une valeur
de consigne de courant de base de réacteur de
couplage (ILO*) sur la base de la valeur de con-
signe (P*),

et une unité de réglage de courant (32b) confi-
gurée pour régler la valeur de consigne de cou-
rant de base de réacteur de couplage (IL0*) et
pour générer une consigne de courant d’induc-
teur de couplage (IL*), sachant que I'unité de
réglage de consigne de courant (32b) est con-
figurée pour limiter une limite supérieure et pour
limiter une limite inférieure de la valeur de con-
signe de courant de base de réacteur de cou-
plage (ILO*) a une valeur arbitraire.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon la revendication 1 ou 2, sachant que
'unité de conversion cété primaire (1a) inclut en
outre :

un condensateur coté primaire (13a) qui estcon-
necté en paralléle a un circuit de commutation
c6té primaire ; et

un premier détecteur de tension (14a) qui est
configuré pour détecter une tension du conden-
sateur c6té primaire et pour sortir une tension
détectée vers l'unité de commande en tant que
la tension de I'unité de conversion c6té primaire
d’'un c6té alimentation en puissance, sachant
que le circuit de commutation c6té primaire
(10a) inclut deux éléments de commutation con-
nectés en série, I'unité de conversion coté se-
condaire (1b) inclut en outre

un condensateur cété secondaire (13b) qui est
connecté en paralléle a un circuit de commuta-
tion coté secondaire, et

un deuxiéme détecteur de tension (14b) qui est
configuré pour détecter une tension du conden-
sateur coté secondaire et pour sortir une tension
détectée vers l'unité de commande en tant que
la tension de 'unité de conversion cb6té secon-
daire d’un cbté alimentation en puissance, sa-
chant que le circuit de commutation c6té secon-
daire (10b) inclut deux éléments de commuta-
tion connectés en série, et

I'unité de couplage (1c)inclut le réacteur de cou-
plage (3) et la ligne de connexion (5).

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon la revendication 3, comprenant en
outre un premier détecteur de courant (4) qui est
configuré pour détecter un courant circulant dans
I'unité de couplage (1c) et sortir un courant détecté
vers I'unité de commande (30a a 30n) en tant que
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le courant circulant vers/depuis I'unité de couplage
(1c),

sachant que 'unité de commande (30a a 30n) est
configurée pour sortir un signal de commande afin
d’effectuer une opération de conversion de puissan-
ce surl’unité de conversion coté primaire (1a) et I'uni-
té de conversion c6té secondaire (1b) de telle sorte
qu’une valeur basée sur un signal détecté parle pre-
mier détecteur de courant (4) concorde avec une
valeur de consigne correspondante.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon la revendication 3 ou 4, comprenant
en outre un deuxieme détecteur de courant qui est
configuré pour détecter un courant circulant dans la
ligne de connexion (5) et sort du courant détecté vers
I'unité de commande (30a a 30n) en tant que le cou-
rant circulant vers/depuis l'inducteur de couplage
(1c),

sachant que 'unité de commande (30a a 30n) sort
un signal de commande afin d’effectuer une opéra-
tion de conversion de puissance sur l'unité de con-
version c6té primaire (1a) et I'unité de conversion
c6té secondaire (1b) de telle sorte qu’une valeur ba-
sée sur un signal détecté par le deuxiéme détecteur
de courant (4) concorde avec une valeur de consigne
correspondante.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon les revendications 3 a 5, compre-
nant en outre un troisieme détecteur de courant (7a,
7b) qui est configuré pour détecter un courant circu-
lant dans une premiéere borne (15a, 15b) qui est une
borne positive du circuit de commutation co6té pri-
maire ou du circuit de commutation c6té secondaire,
et pour sortir un courant détecté vers l'unité de com-
mande en tant que le courant circulant vers/depuis
I'unité de conversion c6té primaire,

sachant que l'unité de commande est configurée
pour sortir un signal de commande afin d’effectuer
une opération de conversion de puissance surl'unité
de conversion c6té primaire et I'unité de conversion
cbté secondaire de telle sorte qu’une valeur basée
sur un signal détecté par le troisieme détecteur de
courant concorde avec une valeur de consigne cor-
respondante.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon les revendications 3 a 6, compre-
nant en outre un quatrieme détecteur de courant qui
est configuré pour détecter un courant circulantdans
une deuxieme borne (16a, 16b) qui est une borne
négative du circuit de commutation c6té primaire du
cbté alimentation en puissance c6té primaire ou une
borne négative du circuit de commutation cété se-
condaire du c6té alimentation en puissance coté se-
condaire, etpour sortirun courantdétecté vers I'unité
de commande en tant que le courant circulant
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vers/depuis 'inducteur de couplage,

sachant que l'unité de commande est configurée
pour sortir un signal de commande afin d’effectuer
une opération de conversion de puissance surl'unité
de conversion c6té primaire et I'unité de conversion
cbté secondaire de telle sorte qu’une valeur basée
sur un signal détecté par le quatrieme détecteur de
courant concorde avec une valeur de consigne cor-
respondante.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon 'une quelconque des revendica-
tions 4 a 7, sachant que lorsqu’une valeur de consi-
gne de puissance (P*) est entrée de I'extérieur, I'uni-
té de commande inclut :

une unité de conversion de consigne de courant
(31a, 31b, 31¢, 31d) qui est configurée pour ob-
tenir une valeur de consigne de courant de base
de réacteur de couplage (IL0*) sur la base de la
valeur de consigne de puissance (P*);

une unité de commande de courant (33a, 33b,
33c) qui est configurée pour générer un écart
entre la valeur de consigne de courant et une
entrée de signal provenant de I'un quelconque
du premier détecteur de courant, du deuxiéme
détecteur de courant, du troisieme détecteur de
courant, et du quatrieme détecteur de courant ;
sachant que 'unité de génération de consigne
de rapport de modulation (34a) est configurée
pour générer une premiere consigne de rapport
de modulation et une deuxiéme consigne de
rapport de modulation en utilisant en outre
I'écart.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selonlarevendication 8, sachant que I'uni-
té de commande inclut une unité de réglage de con-
signe de courant (32b) qui est configurée pour régler
la valeur de consigne de courant sur la base d’un
signal entré depuis I'un quelconque du premier dé-
tecteur de courant, du deuxiéme détecteur de cou-
rant, du troisieme détecteur de courant, et du qua-
trieme détecteur de courant, et des signaux entrés
depuis le premier détecteur de tension et le deuxie-
me détecteur de tension.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selonlarevendication 9, sachant que I'uni-
té de réglage de consigne de courant est configurée
pour limiter une limite supérieure et une limite infé-
rieure de la valeur de consigne de courant a une
valeur arbitraire.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon les revendications 8 a 10, sachant
que l'unité de conversion de consigne de courant est
configurée pour générer la valeur de consigne de
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courant surla base de la valeur de consigne de puis-
sance et de signaux entrés depuis le premier détec-
teur de tension et le deuxieme détecteur de tension.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon les revendications 8 a 11, compre-
nant en outre un troisi€me détecteur de tension (6)
qui est configuré pour détecter une tension en un
point arbitraire entre la premiére borne de connexion
(17a) et la deuxiéme borne de connexion (17b) et la
ligne de connexion (5), sachant que

I'unité de conversion de consigne de courant est con-
figurée pour générer la valeur de consigne de cou-
rant en utilisant la valeur de consigne de puissance
(P*) et des signaux entrés depuis le premier détec-
teur de tension, le deuxiéme détecteur de tension,
et le troisieme détecteur de tension.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon les revendications 9 a 12, dépen-
dant de la revendication 9, sachant que l'unité de
commande de courant inclut un dispositif de com-
mande proportionnel-intégral (201, 202, 204) qui est
configuré pour amplifier un écart entre la valeur de
consigne de courant réglée par I'unité de réglage de
consigne de courant et un signal entré depuis I'un
quelconque du premier détecteur de courant, du
deuxiéme détecteur de courant, du troisieme détec-
teur de courant, et du quatrieme détecteur de cou-
rant.

Le convertisseur CC-CC abaisseur/élévateur bidi-
rectionnel selon les revendications 8 a 13, sachant
que I'unité de génération de signal de grille est con-
figurée pour comparer chacune de la premiéere con-
signe de rapport de modulation et de la deuxieme
consigne de rapport de modulation avec un signal
porteur prédéterminé, et pour générer un signal de
grille afin de mettre en marche/a 'arrét chacun des
éléments de commutation d’'un élément de commu-
tation coté bras supérieur (11a) et d’'un élément de
commutation cbté bras inférieur (12a) du circuit de
commutation c6té primaire et chacun des éléments
de commutation d’'un élément de commutation cbté
bras supérieur (11b) etd’'un élémentde commutation
c6té bras inférieur (12b) du circuit de commutation
cbté secondaire.

Systeme de commande d’entrainement de véhicule
ferroviaire comprenant :

un onduleur (282) de commande d’entraine-
ment qui est configuré pour amener une puis-
sance fournie depuis un fil (280) a un moteur
électrique (283) en tant que puissance
d’entrainement ;

un dispositif de stockage de puissance (286) qui
est configuré pour stocker une puissance four-
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nie depuis le fil ; et

un convertisseur CC-CC abaisseur/élévateur
bidirectionnel (285) selon I'une quelconque des
revendications 1 ou 2.

Le systeme de commande d’entrainement de véhi-
cule ferroviaire selon la revendication 15, sachant
qu’une borne positive (15a) de I'unité de conversion
c6té primaire est connectée a un pantographe (281)
et un coté électrode positive de I'onduleur de com-
mande d’entrainement,

une borne négative (16a) de I'unité de conversion
cbté primaire est connectée a un circuit de ligne de
retour (284) et un cété électrode négative de 'ondu-
leur de commande d’entrainement,

une borne positive (15b) de I'unité de conversion c6-
té secondaire est connectée a un cbté électrode po-
sitive du dispositif de stockage de puissance (286),
et

une borne négative (16b) de 'unité de conversion
coté secondaire est connectée a un coté électrode
négative du dispositif de stockage de puissance
(286).

Systeme d’alimentation ferroviaire qui fournit une
puissance a un véhicule par une source de puissan-
ce a courant continu connectée a un fil et un rail, le
systéme d’alimentation ferroviaire comprenant :

un onduleur (282) de commande d’entraine-
ment qui est configuré pour amener une puis-
sance fournie depuis le fil (280) a un moteur
électrique (283) en tant que puissance
d’entrainement ;

un dispositif de stockage de puissance (286) qui
est configuré pour stocker une puissance four-
nie depuis le fil ; et

un convertisseur CC-CC abaisseur/élévateur
bidirectionnel (285) selon I'une quelconque des
revendications 1 ou 2.

Le systéme d’alimentation ferroviaire selon la reven-
dication 17, sachant que

une borne positive (15a) de I'unité de conversion c6-
té primaire est connectée au fil (280) et une borne
négative (16a) de l'unité de conversion c6té primaire
est connectée au rail (284),

une borne positive (15b) de I'unité de conversion c6-
té secondaire est connectée a un cbté électrode po-
sitive du dispositif de stockage de puissance (286),
et

une borne négative (16b) de 'unité de conversion
coté secondaire est connectée a un coté électrode
négative du dispositif de stockage de puissance
(286).
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