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(57) Abrégée/Abstract:

An auxiliary power source device for a vehicle Is provided with a control section (10) and a resonant inverter circuit (1) that converts
DC Input to a desired AC voltage and delivers this as output. The control section (10) Is provided with: a resonance time
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(57) Abrege(suite)/Abstract(continued):

management section (13) that manages the resonance time of the current flowing in the resonant inverter circuit (1); a gate OFF
Instruction generating section (12) that, based on the detection current of a current detector (CT1), detects overcurrent flowing In
the resonant inverter circuit (1) and If such overcurrent Is detected, generates a gate OFF instruction for turning switching elements
(HGU1, HGV?2) of the resonant inverter circuit (1) OFF after lapse of the time at which the current flowing in the switching elements
(HGU1, HGV2) Initially becomes zero, based on the detection current of the current detector (CT1) and the resonance time, which
IS managed by the resonance time management section (13); and a gate signal generating section (14) that generates a gate
sighal that controls turning OFF of the switching elements (HGU1, HGVZ2Z) when the gate OFF Instruction is input.
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ABSTRACT

A vehicle auxiliary power supply device includes a
resonant 1nverter circuit 1 that converts DC input into a
desired AC voltage and outputs the AC voltage and a control
unit 10. The control unit 10 includes a resonance-time
managing unit 13 managing resonance time of current flowing
in the resonant inverter circuit 1, a gate-off-command
generating unit 12 detecting overcurrent flowing in the
resonant inverter circuit 1 based on detected current of a
current detector CT1l, and, when the overcurrent is detected,
generating, based on detected current of the current
detector CT1l and resonance time managed by the resonance-
time managing unit 13, a gate-off command to turn off

switching elements HGUl and HGV2 included in the resonant

inverter circuit 1 after the elapse of time after which
current flowing in the switching elements HGUl and HGV2
becomes zero for the first time, and a gate-signal
generating unit 14 generating a gate signal that controls

the switching elements HGUl and HGV2 to be turned off when

the gate-off command is input.
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DESCRIPTION

AND OVERCURRENT

L*J

VEHICLE AUXILIARY POWER SUPPLY DEVIC!

OF

L]

PROTECTION METHOD THER!

Field

[0001] The present 1nvention relates to a vehicle

auxiliary power supply device that 1s mounted on an

electric vehicle and, particularly, to a vehicle auxiliary
power supply device that i1ncludes a resonant inverter

circult and an overcurrent protection method thereof.

Background

[0002] A large number of electrical devices (loads)
having a relatively large rated power are mounted on an
electric vehicle. Therefore, 1t 1is essential to configure,
in the resonant inverter circuit included in the wvehicle

auxliliary power supply device, a protection function

against overcurrent.

0003} The 1dea behind conventional overcurrent

protection i1n the resonant i1nverter circuit is generally to

immediately turn off the switching element (hereinafter,

described as "SW element”™) when overcurrent 1s detected.
[0004] Although 1t 1s neither a technology related to

the vehicle auxiliary power supply device nor a technology

P
P
—

related to the resonant inverter circuit, the invention o:

P

Patent Literature 1 described below (name of the invention:

current detection method in a resonant converter) discloses
a technology i1n which when overcurrent 1s detected, the on-
time of the SW element 1s reduced, thereby limiting the
current flowing 1n the SW element and thus preventing the
SW element from being destroyed (hereinafter, referred to

as "element destruction").
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Citation List

Patent Literature

[0005] Patent Literature 1: Japanese Patent No. 4720514

Summary
Technical Problem

[0006] As described above, with the overcurrent
protection according to the conventional technology, when
overcurrent 1s detected, the SW element i1s controlled such

that the SW element 1s immediately turned off or the

current flowing 1n the SW element is limited by reducing

gr——

the on-time of the SW element, thereby preventing element

destruction. Therefore, in the resonant inverter circuit

P

that performs control of fixing the on-time of the SW

element 1n order to make the resonance frequency constant,
it 1s necessary to select, as the SW element included in
the circuit, a high-specification element capable of
withstanding an interrupting voltage and an interrupting
current at the time of overcurrent protection.

[0007] The present invention has been achieved in view

of the above and an object of the present invention is to

provide a vehicle auxiliary power supply device in which a

resonant inverter circuit can be configured without using a

high-specification element capable of withstanding an
interrupting voltage and an interrupting current at the
time of overcurrent protection and to provide an

overcurrent protection method thereof.

Solution to Problem

(0008] In order to solve the above problems and achieve
the object, the present invention is a vehicle auxiliary

power supply device that is mounted on an electric vehicle
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and that includes a resonant inverter circulit that converts
an i1nput DC voltage 1nto a desired AC voltage and outputs
the AC voltage and a control unit that controls the

resonant inverter circulit, wherein a current detector 1is

provided on an output side of the resonant 1nverter circult,

and the control unit includes a resonance-time managing

unit that manages resonance time of a current flowing 1in
the resonant inverter circuit, a gate-off-command
generating unit that detects overcurrent flowing 1n the

-

resonant inverter circult on a basis of a detected current

of the current detector, and that, when the overcurrent 1is
detected, generates, on a basis of a detected current of
the current detector and resonance time managed by the
resonance-time managing unit, a gate-off command to turn

off a switching element included 1n the resonant inverter

circult after an elapse of time after which a current
flowing 1n the switching element becomes zero for a first
time, and a gate-signal generating unit that generates a
gate signal that controls the switching element such that
the switching element is turned off when the gate-off

command 1s input.

ffects of Invention

©

Advantageous

[0009] According to the present invention, an effect 1is

obtalned where a resonant inverter circuit included in a

vehicle auxiliary power supply device can be configured

without using a high-specification element capable of
withstanding an interrupting voltage and an interrupting

current at the time of overcurrent protection.

Brief Description of Drawings

(0010} FIG. 1 1s a diagram 1llustrating a configuration

example of a resonant inverter circuilt and a control unit,
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which controls the resonant inverter circuit, used in a

vehicle auxiliary power supply device according to an

embodiment of the present invention.

FIG. 2 1s a diagram illustrating a configuration

example of a vehicle auxiliary power supply device that is

connected to an AC overhead wire.

FIG. 3 1s a diagram 1illustrating a configuration

example of a vehicle auxililiary power supply device that is

connected to a DC overhead wire.

FIG. 4 1s a diagram illustrating a resonance current

that flows when a switching element HGUl is on.

FIG. 5 1s a diagram illustrating a resonance current

that flows when a switching element HGV2Z2 is on.

FIG. 6 1s a diagram explalining a protection operation
accordlng to a conventional technology when overcurrent is
detected.

FIG. 7 1s a diagram explaining a protection operation

according to the present embodiment when overcurrent is

detected.

FIG. 8 1s a flowchart explaining an operation of a

gate-off-command generating unit.

FIG. 9 1s a time chart explaining an operation of a

control unit.

Description of Embodiments

[0011] A vehicle auxiliary power supply device according
to embodiments of the present invention will be explained
below with reference to the accompanying drawings. The

present i1nvention is not limited to the embodiments.

[0012] (Embodiment)

FIG. 1 1s a diagram illustrating a configuration
example of a resonant 1nverter circuit 1 and a control unit

10, which controls the resonant inverter circuit 1, used in
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a vehicle auxiliary power supply device according to an

embodiment of the present invention. The resonant i1nverter
circult 1 i1llustrated in FIG. 1 has such a configuration
that, with respect to a direct current (DC) 1input, resonant
capacitors CR1l1l and CR12 connected in series are provided
in the stage subsequent to a filter capacitor FC1l and
switching elements HGUl and HGVZ connected 1n series are
provided 1n the stage subsequent to the resonant capacitors

CR11 and CR12. As 1illustrated in FIG. 1, the switching

elements HGUl and HGVZ are each typically configured such

that an IGBT and a diode are connected 1in anti-parallel. A

MOSFET or the like 1s used 1instead of an IGBT 1n some cases.

10013] The series circult composed of the resonant
capacitors CR11 and CR1l2Z2 and the series circult composed of
the switching elements HGUl and HGVZ are both connected in
parallel with the filter capacitor FCl. A connection end A

of the switching element HGUl and the switching element

HGVZ and a connection end B of the resonant capacitor CR11
and the resonant capacitor CR1Z2 both form AC ends of the
resonant i1nverter circuilt 1 and are connected to a

transformer TR1. Furthermore, a current detector CT1 for

detecting the output current of the resonant inverter
circuit 1 1is provided between the resonant inverter circuilt
1 and the transformer TRI.

[0014] Next, the control unit 10 1s explained. The
control unit 10 is a component that controls the operation
of the resonant inverter circuit 1 on the basis of the

current detected by the current detector CT1l. The control

unit 10 is configured to include an A/D conversion unit 11,
a gate-off-command generating unit 12, a resonance-time
managing unit 13, and a gate-signal generating unit 14.
[0015] The A/D conversion unit 11 converts an analog

current value 21 detected by the current detector CT1 1into
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a digital value. The digital value converted by the A/D
conversion unit 11 is input to the gate-off-command
generating unit 12 as a detected current 22.

[0016] The resonance-time managing unit 13 1s a

component that manages the resonance time (resonance

frequency) of the current flowing i1n the resonant inverter

circuit 1. In an example 1n the present embodiment, the
resonance—time managing unit 13 generates a resonance-time
managing signal 23. The resonance-time managing signal 23

generated by the resonance-time managing unit 13 is input

to both the gate-off-command generating unit 12 and the

gate-signal generating unit 14.

[(0017] The gate-off-command generating unit 12 1is a
component that has a protection function (protection logic)

against overcurrent. The gate-off-command generating unit

12 generates a gate-off command 24 for implementing this

overcurrent protection function on the basis of the

detected current 22 and the resonance-time managing signal

—
p—

23. The gate-off command 24 generated by the gate-off-

command generating unit 12 1s input to the gate-signal

generating unit 14.

[0018] The gate-signal generating unit 14 1s a component

that generates a gate signal 25 for controlling the

switching elements HGUl and HGV2Z2. This gate signal 25 1s

generated on the baslis of the resonance-time managing

signal 23 when the overcurrent protection function is

disabled and 1s generated on the basis of the resonance-

time managing signal 23 and the gate-off command 24 when

the current protection function 1s enabled.

[0019] Next, an explanation will be made of the
configuration of the vehlicle auxiliary power supply device
that includes the resonant inverter circuit 1. FIG. 2 1is a

diagram 1llustrating a configuration example of a vehicle
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auxlliary power supply device that is connected to an AC

overhead wire. This vehicle auxiliary power supply device

1s a power supply device that receives AC power from an AC
overhead wire 30A via a power collector 31A and supplies a
desired AC power to a load 63A, such as an alr-conditioner,
a lighting device, and a door opening and shutting device.

FIG. 2 1llustrates a configuration example when the

overhead wire voltage 1s relatively high and illustrates

the configuration in which a voltage is stepped down in

stages using two transformers 41A and 52A and two single-

phase converters 42A and 61A.

[0020] In FIG. 2, an 1nput circuit 40A, which includes

the transformer 41A and the single-phase converter 424,
corresponds to the DC input in FIG. 1; a load circuit 60A,
which i1ncludes the single—-phase converter 61A, a three-
phase 1nverter ©62A, and the load 63A, corresponds to a load

circuit 6 in FIG. 1; the transformer 52A corresponds to the

transformer TR1l; and a single-phase inverter 50A
corresponds to the resonant inverter circuit 1 described
above.

[0021] FIG. 3 1s a diagram 1llustrating a configuration
example of a vehicle auxiliary power supply device that 1is

connected to a DC overhead wire. This vehicle auxiliary

power supply device 1s a power supply device that receives

DC power from a DC overhead wire 30B via a power collector

31B and supplies a desired AC power to a load 63B, such as

an air-conditioner, a lighting device, and a door opening

and shutting device. The correspondence with FIG. 1 is

explalined. 1In FIG. 2, the DC power received from the DC

overhead wire 30B corresponds to the DC input in FIG. 1; a

load circuit 60B, which includes a single-phase converter

061B, a three-phase inverter 62B, and the load 63B,

corresponds to the load circuit 6 in FIG. 1; a transformer
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52B corresponds to the transformer TR1; and a single-phase

inverter 50B corresponds to the resonant inverter circuit 1

described above.
10022] Next, the operation of the resonant i1nverter

circuit 1 1s explained. In the resonant inverter circuit 1,

a resonance current flows because of a series resonance

(current resonance) due to the leakage i1nductance of the

transformer TR1l, an inductance (circuit i1nductance) that 1is

present 1n the current path of the resonant inverter

circuit 1, and any of the resonant capacitors CR11l and CR12.

Meanwhile, on/off switching control of the switching
elements HGUl and HGVZ 1s performed by using the points at
which the resonance current becomes zero. Therefore, the
resonant i1nverter circuit 1 has a characteristic that the
switching loss can be made substantially zero.

[0023] FIG. 4 1s a diagram 1llustrating the path of the
resonance current that flows when the switching element
HGUl 1is on, and FIG. 5 is a diagram illustrating the path
of the resonance current that flows when the switching
element HGVZ 1s on.

[0024] When the switching element HGUl1l is on, two

current loops (current loops 1 and 2) as 1llustrated in FIG.

4 are generated in the circuit. In the current loop 1, the

current flows in the path starting from the resonant

capacitor CR11 — the switching element HGUl1l — the

transformer TR1 — the resonant capacitor CR11l. 1In the

current loop 2, the current flows 1n the path starting from

the filter capacitor FCl — the switching element HGUl —

the transformer TR1 — the resonant capacitor CR12 — the

filter capacitor FCI1.

(0025] When the switching element HGV2Z2 is on, two

current loops (current loops 1 and 2) as illustrated in FIG.
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S are generated. In the current loop 1, the current flows

in the path starting from the resonant capacitor CR12 -

the transformer TR1 — the switching element HGVZ2 — the

resonant capacitor CR12. In the current loop 2, the

current flows 1n the path starting from the filter
capaclitor FCl — the resonant capacitor CR11 — the

transformer TR1 — the switching element HGVZ2 — the filter

capacitor FCI1.

[00206] As 1llustrated in FIG. 4 and FIG. 5, at the

timing at which the switching elements HGUl and HGV2 are

—

switched, the direction of the current flowing in the

transformer TRl changes. In other words, it is understood
that the switching elements HGUl and HGVZ are turned off by
using the points at which the resonance current becomes
ZEero.

[0027] Next, an explanation will be made of the
protection function (protection logic) against overcurrent.

Overcurrent generated 1n the resonant inverter circuilt is

generated because of the short-circuit of a load or the

like and 1s a seriocus failure mode that leads to element
destruction due to an excessive short-circuit current

flowing in the switching element. Therefore, it is

necessary for the switching element to have sufficient

breakdown voltage and current capacity so as not to cause

element destruction of the switching element.

(0028] FIG. 6 1s a diagram explaining the protection
operation according to the conventional technology when
overcurrent 1s detected. In FIG. 6, the horizontal axis
indicates the time and the vertical axis indicates the
current value of the resonance current. When the current

exceeds a threshold for protection detection, in the

conventional technology, as illustrated in FIG. 6, the
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current 1s immediately interrupted. However, when the
switching element i1s interrupted outside the safe operating
region, such as during an overcurrent state, the amount of
voltage overshoot due to the interrupting current increases.
Therefore, 1n the conventional technology, a high-
specification switching element with sufficient breakdown

voltage and current capacity 1s selected and used in

anticipation of this amount of voltage overshoot.

[0029] In contrast, FIG. 7 1s a diagram explaining the

protection operation according to the present embodiment.

The current waveform i1illustrated in FIG. 7 1s the same as

that 1n FIG. 6. In the present embodiment, as illustrated

in FIG. 7, when overcurrent flowing in the resonant
inverter circuit is detected, the switching element is not
immedlately interrupted and a command (gate-off command) to
turn off the switching element 1s output after the elapse

of the time after which the current flowing in the

switching element becomes zero for the first time (after

the timing at which the current becomes zero for the first

time or after the timing at which the current is supposed

o

to become zero for the first time). In the case of a

resonant 1nverter circuilit, while the circuit is in

operation, the resonance frequency is fixed; therefore, the

resonance frequency 1is constant unless the resonance

frequency collapses. Therefore, 1f turn-off control is
performed on the switching element after waiting until the

F

normal turn-off timing after overcurrent is detected, the

amount of voltage overshoot can be prevented from

increasing. Therefore, the resonant inverter circuit can
be configured without 'selecting, as a switching element, a
high-specification element when compared with the case of

using the conventional technology.

N

[0030] FIG. 8 1s a flowchart explaining the operation o:
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11

the gate-off-command generating unit 12 1llustrated in FIG.

g—

1. The gate-off-command generating unit 12 determines

whether the current flowing in the resonant inverter

-

circuit 1 is overcurrent on the basis of the detected

current 22 output from the A/D conversion unit 11 (Step
S101: first determining step). When overcurrent is not

detected (No at Step S101), the gate-off-command generating

unit 12 continues the determining process at Step S101. In
contrast, when overcurrent 1s detected (Yes at Step S101),
the gate-off-command generating unit 12 determines whether
the elapsed time since the overcurrent was detected has

reached the resonance time (Step S102: second determining

step). If the elapsed time since the overcurrent was
detected has not reached the resonance time (No at Step

S102), the gate-off-command generating unit 12 continues

the determining process at Step S102. In contrast, if the
elapsed time since the overcurrent was detected has reached

the resonance time (Yes at Step S102), the gate-off-command

generating unit 12 generates and outputs a gate-off command
(Step S103). After the process at Step S103 is finished,
the gate-off-command generating unit 12 returns to the

process at Step S101 and continues the determining process

of determining whether the current flowing in the resonant

inverter circuit 1 1s overcurrent.

[0031] FIG. 9 1s a time chart for explaining the

operation of the control unit 10. In FIG. 9, from top to
bottom, the resonance-time managing signal 23, the
overcurrent detection signal, the gate-off command 24, and
the gate signal 25 are sequentially illustrated. The
resonance-time managling signal 23 is a signal for

determining the resonance current in the resonant inverter

circuit 1. The overcurrent detection signal is a signal

that 1s generated in the gate-off-command generating unit
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12. When overcurrent is detected, the overcurrent
detection signal is "H", and when overcurrent is not
detected, the overcurrent detection signal is "L". In the
example in FIG. 9, the resonance-time managing signal 23
and the gate signal 25 are shown as the same signal;
however, this is not a limitation. For example, the
resonance-time managing signal 23 and the gate signal 25
may have a signal form, such as a trigger signal that is
output every resonance period.

[0032] In the case where overcurrent 1s detected when
the gate signal 25 1s intermittently output, the
overcurrent detection signal is internally generated.

However, 1n the protection logic in the present embodiment,

as described above, the gate-off command 24 is not output
immediately and the gate-off command 24 is output targeting
the timing at which a pulse of the resonance-time managing
signal 23 falls. When the gate-off command 24 is output,
the gate signal 25 is not generated as long as the gate-off
command 24 i1s "H" and the gate signal 25 is maintained at
"L"™. The control unit 10 provides the overcurrent
protection function by performing the operation as

described above.

[0033] As described above, according to the vehicle

auxlliary power supply device in the present embodiment,

when overcurrent flowing in the resonant inverter circuit

1s detected, the gate-off command to turn off the switching
element 1s output after the elapse of the time after which
the current flowing in the switching element included in

the resonant inverter circult becomes zero for the first

time; therefore, it is possible to configure a resonant
inverter circuit included in the vehicle auxiliary power
supply device without using a high-specification element

that can withstand an interrupting voltage and an
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interrupting current at the time of overcurrent protection.

[0034]

embodiment described above 1s one example of the

The configuration illustrated in the present

configuration of the present invention, and it is obvious

that the configuration can be combined with other publicly-

known technologies and can be changed, for example, by

omitting part thereof, without departing from the scope of

the present i1nvention.

Industrial Applicability
[0035]

supply device according to the present invention is useful

As described above, the vehicle auxiliary power

as an i1nvention that enables a resonant i1nverter circult to
be confiqured without using a high-specification element

that can withstand an interrupting voltage and an

interrupting current at the time of overcurrent protection.

Reference Signs List
[0036] 1
6, ©0A, 60B

resonant inverter circuilt

load circuit

10 control unit
11 A/D conversion unit

12 gate-off-command generating unit

13 resonance-time managling unit
14 gate-signal generating unit

21 analog current value

22 detected current

23 resonance-time managing signal
24 gate-off command

295 gate signal

30A AC overhead wire

30B DC overhead wire

31A, 31B power collector
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40A
424,
o0A,
6lA,
024,
03A,
414,
CR11,
CT1
FC1
HGU1,
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14

input circuit

61lA single-phase converter

50B single-phase inverter

61lB single-phase converter

62B three-phase i1nverter
©63B 1load
52A, 52B, TR1 transformer

CR1Z2 resonant capacitor
current detector
filter capacitor

HGVZ switching element
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CLAIMS

1. A vehicle auxiliary power supply device that is

mounted on an electric vehicle and that includes a resonant
inverter circuit that converts an input DC voltage into a
desired AC voltage and outputs the AC voltage and a control
unit that controls the resonant inverter circuit, wherein

a current detector 1s provided on an output side of
the resonant inverter circuit, and

the control unit i1ncludes

a resonance-time managing unit that manages

resonance time of a current flowing in the resonant

inverter circuit,

'}

a gate-off-command generating unit that detects
overcurrent flowing in the resonant inverter circuit on a
basis of a detected current of the current detector, and
that, when the overcurrent is detected, generates, on a
basis of a detected current of the current detector and
resonance time managed by the resonance-time managing unit,
a gate-off command to turn off a switching element included
in the resonant inverter circuit after an elapse of time

after which a current flowing in the switching element

becomes zero for a first time, and

a gate—signal generating unit that generates a
gate signal that controls the switching element such that

the switching element is turned off when the gate-off

command 1s 1nput.

2. A vehicle auxilliary power supply device that is
mounted on an electric vehicle and that includes a resonant
inverter circuit that converts an input DC voltage into a
desired AC voltage and outputs the AC voltage and a control
unit that controls the resonant inverter circuit, wherein

a current detector 1s provided on an output side of
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the resonant inverter circuit, and

when overcurrent flowing in the resonant inverter

circult 1s detected on a basis of a detected current of the

-y

current detector, the control unit outputs a gate-off

command to turn off a switching element included in the

resonant 1nverter circuit after an elapse of time after

which a current flowing in the switching element becomes

zero for a first time.

3. An overcurrent protection method of a vehicle

auxiliary power supply device that is mounted on an

electric vehicle and that includes a resonant inverter
circult that converts an input DC voltage into a desired AC
voltage and outputs the AC voltage, the method comprising:

f1rst determining step of determining whether a

.1

a

current flowing in the resonant inverter circuit 1is

overcurrent;

a second determining step of, when overcurrent is
detected at the first determining step, determining whether
an elapsed time since the overcurrent was detected has
reached resonance time; and

a gate-off-command generating step of, when the

elapsed time has reached the resonance time at the second

determining step, generating a gate-off command to turn off

a switching element included in the resonant inverter

clrcult.
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