DESCRI PTI ON

PONER CONVERSI ON DEVI CE
TECHNI CAL FI ELD
[ 0001] The present invention relates to a power
conversion device which rapidly disconnects a defective
power conversion unit anmong a plurality of power conversion
units provided in parallel with each other froma DC power
supply unit supplying DC power to each of the power
conversion units to continue to operate the other faultless
power conversion unit.
BACKGROUND ART
[ 0002] As a power source device which drives a |large AC
| oad such as a notor or drives a plurality of ACloads in
parall el by using a DC power source as a power source, a
power conversion device where a plurality of power
conversion units are provided in parallel with each other
Is used. Fig. 3 is a schematic configurational diagram
illustrating such a type of the power conversion device,
and the reference nuneral 1 denotes a DC power supply unit.
The DC power supply unit 1 is configured with, for exanple,
a diode circuit of rectifying and snoothing a commercial AC
power source, a battery, or the I|ike.
[ 0003] In addition, the reference nuneral 2 (2a to 2n)
denotes a plurality of power conversion units which are

connected to the DC power supply unit 1 through a DC |ink



portion 3 to be provided in parallel with each other. Each
of the power conversion units 2 (2a to 2n) is configured
with an inverter unit which converts the DC power supplied
fromthe DC power supply unit 1 to AC power and outputs the
AC power. For exanple, output termnals 4 (4a to 4n) of

t he power conversion units 2 (2a to 2n) are connected in
parallel to be used as power output termnals for a |arge
AC |l oad. Alternatively, a plurality of AC | oads are

i ndi vidual ly connected to the output termnals 4 (4a to 4n)
of the plurality of the power conversion units 2 (2a to 2n).
[ 0004] Fig. 3 illustrates an exanple of a configuration
of the power conversion unit 2a. Each of the power
conversion units 2 (2a to 2n) is provided with three sets
of half-bridge circuits which are configured, for exanple,
by connecting six sem conductor switching elenments QL to ®
consisting of IGBTs or the like in such a manner that every
two sem conductor switching el enents are connected in
series and inserted between a positive electrode and a
negati ve el ectrode of the DC input termnal in paralle

wi th each other. Each of the sem conductor switching
elements QL to @ is driven to be alternatively turned on
and off with a predeterm ned phase difference for each

hal f-bridge circuit to switch a DC voltage applied to the
hal f-bridge circuit. In addition, each of the power

conversion units 2 (2a to 2n) is configured to connect



serial connection points which are central points of the
hal f-bridge circuits to the output termnals 4 (4a to 4n)
so as to output a three-phase AC power having a
predet er mi ned vol t age.

[ 0005] In addition, the reference letters D1 to D6
denote freewheeling di odes which are connected in reverse
parallel with the respective sem conductor sw tching
elements QL to @B. In addition, the reference nuneral 5
denotes a condenser which is arranged between each DC i nput
termnals of each of the power conversion units 2 (2a to
2n) to stabilize the DC voltage applied to the power
conversion unit 2 (2a to 2n). In addition, the reference
nuneral 6 denotes a control circuit which controls the

sem conductor switching elenments QL to @ to be turned on
and of f as descri bed above. The power conversion device
havi ng such a configuration is described in detail, for
exanple, in Patent Docunent 1 or the |ike.

[ 0006] In Patent Docunent 1 described above, switches 7
usi ng mechani cal contacts are provided as circuit breakers
in the DC i nput portions of the plurality of the power
conversion units 2 (2a to 2n). Furthernore, Patent
Docunent 1 di scloses a configuration where DC reactors 8
are installed in the DC link portion 3 with respect to the
DC power supply unit 1. Wen defect such as short-circuit

occurs in any one of the power conversion units 2 (2a to



2n), the switch 7 disconnects the defective power
conversion unit 2 (2a to 2n) fromthe DC power supply unit
1. By doing so, only the remaining faultless power
conversion units 2 (2a to 2n) can be operat ed.

[ 0007] However, until the defective power conversion
unit 2 (2a to 2n) is disconnected by the switch 7, an
excessive current flows fromthe other faultless power
conversion units 2 (2a to 2n) to the short-circuit point of
the defective power conversion unit 2 (2a to 2n). Due to
the excessive current flow, the other faultless power
conversion units 2 (2a to 2n) may be fallen into an
excessive current state. The DC reactors 8 have a function
of preventing the faultless power conversion units 2 (2a to
2n) frombeing fallen into the excessive current state by
restricting the rise of the current flowing in the other
faultl ess power conversion units 2 (2a to 2n) at the tine
of occurrence of the short-circuit fault.

Cl TATI ON LI ST

PATENT DOCUVMENT

[ 0008] Pat ent Docunent 1: JP4726624B2

SUMVARY OF THE | NVENTI ON

PROBLEM TO BE SOLVED BY THE | NVENTI ON

[ 0009] However, in a case where the DC reactors 8 are
inserted in the DC link portions 3, the response

characteristics of the power conversion units 2 (2a to 2n)



are deteriorated. In other words, the responsiveness to
the change of the input DC voltage at the normal operation
time of the power conversion units 2 (2a to 2n) is
deteriorated. Moreover, an operation response delay of the
switch 7 is typically in the order of mlli-seconds, and

t hus, the responsiveness to the short-circuit fault is not
so high.

[ 0010] The invention has been nade in consideration of
such circunstances, and an object thereof is to provide a
power conversion device having a sinple configuration and
hi gh responsi veness by rapidly disconnecting a defective
power conversion unit anong a plurality of the power
conversion units which are provided in parallel with each
other froma DC power supply unit so that the other
faul tl ess power conversion units can continue to be
oper at ed.

MEANS FOR SOLVI NG PROBLEM

[ 0011] In order to achieve the object, according to an
aspect of the invention, there is provided a power
conversion device including a DC power supply unit and a
plurality of power conversion units which are provided in
parallel with each other through a DC |ink portion to
convert DC power supplied fromthe DC power supply unit to
AC power and out put the AC power.

Particularly, the power conversion device according to



the invention, a plurality of sem conductor sw tching

el ements which restrict power supplied to each power
conversion unit are individually interposed between each
power conversion unit and the DC power supply unit, and the
sem conduct or switching el enment which is connected to the
power conversion unit where a short-circuit current flows
is controlled to be turned off by a control circuit which
nonitors the short-circuit current occurring in each power
conversion unit to stop the power supplied to the power
conversion unit.

[ 0012] In addition, the control circuit is configured to
control the sem conductor switching el enent to be turned
of f by detecting, for exanple, the following current: a
current supplied fromthe DC power supply unit to the power
conversion unit, a current flowing in the sem conductor
switching el enment constituting a main body of the power
conversion unit, or a short-circuit current caused by
short-circuit fault of the power conversion unit due to a
decrease in a DC voltage applied to the sem conductor
switching el ement.

[ 0013] In addition, the DC power supply unit is
configured with, for exanple, a voltage-control-type PW
converter which generates a predeterm ned DC vol t age by
usi ng sem conductor switching elenents such as | GBTs or

MOS- FETs.  Further, each of the power conversion units is



configured with, for exanple, an inverter unit which
generates a three-phase AC power. Furthernore, the

sem conductor switching elenment is configured with, for
exanple, an |GBT with which a diode is in reverse paralle
or a reverse conducting I GBT which allows a current to flow
bidirectionally. In addition, the sem conductor swtching
element is inserted in at |east one of a positive el ectrode
side and a negative el ectrode side of a DC input portion of
each of the power conversion units.

EFFECT OF THE | NVENTI ON

[ 0014] According to the power conversion device having

t he above-descri bed configuration, elenent characteristics
of the sem conductor switching el enents interposed between
t he power conversion units and the DC power supply unit can
be effectively utilized to restrict a power, particularly,
a current supplied to each of the power conversion units.
Therefore, it is possible to effectively prevent an
excessive current fromunintentionally flowng in the

sem conductor swi tching elenments constituting each of the
power conversion units.

[ 0015] In addition, in a case where short-circuit fault
occurs in the power conversion unit, the sem conductor
switching el ement connected to the power conversion unit
where the fault occurs is controlled to be turned off under

the control of the control circuit, so that the power



conversion unit can be rapidly disconnected fromthe DC
power supply unit. Furthernore, since the response del ay
of the sem conductor switching elenent is typically in the
order of mcro-seconds, in conparison with the case of the
related art where a general switch using a mechanica
contact is used as a circuit breaker, the power conversion
unit where the fault occurs can be di sconnected fromthe DC
power supply unit at a sufficiently high speed.

[ 0016] Therefore, according to the power conversion

devi ce according to the invention, unlike the device of the
related art where the DC reactors are provided to the DC

I nput portion of the power conversion units, the probl em of
t he operation response del ay does not occur in the power
conversion units in the normal state. In addition, since
there is no need for a DC reactor, its inductance val ue
needs not to be adjusted, and the operation responsiveness
of each power conversion unit can be sufficiently fast.

[ 0017] In addition, at the tinme of detection of the
short-circuit current in the power conversion unit, only by
controlling the sem conductor switching elenent to be
turned off, the power conversion unit where the short-
circuit fault occurs can be rapidly disconnected fromthe
DC power supply unit. Therefore, the other faultless power
conversion unit can continue to be operated stably w thout

causi ng the above-descri bed probl em of an excessive current.



Accordi ngly, by using the sem conductor switching el enents
having a current restriction function and a DC link circuit
di sconnection function, the whole configuration of the
power conversion device can be sinplified while securing
the operation characteristics, and thus, it is possible to
obtai n excellent practical effects in terns that the
faul tl ess power conversion units can continue to be
oper ati on.
BRI EF DESCRI PTI ON OF DRAW NGS
[ 0018] Fig. 1 is a schematic configurational diagram
illustrating nmain conponents of a power conversion device
according to an enbodi nent of the invention;

Fig. 2 is a schematic configurational diagram
il lustrating main conponents of a power conversion device
according to anot her enbodi nent of the invention; and

Fig. 3 is a schematic configurational diagram
il lustrating main conponents of a power conversion device
of the related art.
DESCRI PTI ON OF PREFERRED EMBODI MENTS
[ 0019] Her ei nafter, power conversion devices according
to enbodi nents of the invention wll be described with
reference to the draw ngs.
[ 0020] Fig. 1 is a diagramillustrating a schematic
configuration of main conponents of a power conversion

devi ce 10 according to an enbodi nent of the invention. The



same conponents as those of the power conversion device of
the related art illustrated in Fig. 3 are denoted by the
same reference nunerals. |In addition, redundant
description of the conponents denoted by the sane reference
nunerals is omtted. Further, in the enbodi nent, the DC
power supply unit 1 can be realized, for exanple, as a

vol tage-control type PWM converts or the |ike which
switches a DC i nput voltage by using sem conduct or
switching elenents such as 1 BTs or MOS-FETs to generate a
predet erm ned DC out put voltage.

[ 0021] As a feature of the power conversion device 10
according to the enbodi nent, sem conductor sw tching

el enents 11 (1la to 11n) configured with, for exanple,

| GBTs are installed as circuit breakers in series with
respective DC input portions of the plurality of the power
conversion units 2 (2a to 2n) which are arranged in
parallel wth each other. Diodes 12 (12a to 12n) are
connected in reverse parallel with the respective

sem conductor switching elenments 11 (11a to 11n). The

di odes 12 (12a to 12n) have a function of flowi ng an AC
cross current conponent superposed on the DC power caused
by a delay of a swtching operation of the above-descri bed
switching elements QL to Q6, variations of the conponents
of the power conversion units 2 (2a to 2n) or the I|ike.

[ 0022] Herei n, the exanple where each of the

10



sem conductor switching elenents 11 (1l1la to 11n) is
inserted in series wwth a positive el ectrode side of the DC
i nput portion of the respective power conversion unit 2 (2a
to 2n) is illustrated. However, each of the sem conductor
switching elenents 11 (1la to 11n) may be inserted in
series wwth a negative el ectrode side of the DC input
portion of the respective power conversion unit 2 (2a to
2n). In addition, as the sem conductor sw tching el enents
11 (11a to 11n), reverse conducting | GBTs allow ng current
to flow bidirectionally may be used.

[ 0023] In addition, in a case where the power conversion
units 2 (2a to 2n) have no abnormality, that is, in a case
where the power conversion units 2 (2a to 2n) operate
normal |y, the sem conductor switching elenments 11 (1lla to
11n) are controlled to be turned on under the control of
the control circuit 6. Therefore, the DC power supplied
fromthe DC power supply unit 1 through the DC |Iink portion
3 is applied to each of the power conversion units 2 (2a to
2n) through the respective sem conductor switching el enents
11 (1l1a to 11n).

[ 0024] The maxi mum current of the DC current which flows
into the power conversion units 2 (2a to 2n) through the
turned-on sem conductor switching elenents 11 (1la to 11n)
Is restricted according to the elenent characteristics of

the respective senm conductor switching elenents 11 (1lla to

11



11n). Therefore, the DC power applied to the respective
hal f-bridge circuit constituting the main body of each of

t he power conversion units 2 (2a to 2n) is restricted.
Therefore, if a defect such as a short-circuit does not
occur in the sem conductor switching elenents QL to B
constituting the half-bridge circuits, an excessive current
does not flow in each of the half-bridge circuits.

[ 0025] However, when a defect such as a short-circuit
occurs in the sem conductor switching elenents QL to B, a
term nal voltage of the condenser 5 installed to the DC

i nput portion of the power conversion unit 2 (2a to 2n),
that is, a so-called DC link voltage is decreased.
According to the decrease in the term nal voltage, a short-
circuit current of which current value is abnormally | arge
flows fromthe DC power supply unit 1 to the power
conversion unit 2 (2a to 2n). The control circuit 6

nmoni tors the occurrence of the short-circuit current

t hrough, for exanple, current detectors 13 (13a to 13n)
provided to the DC input portions.

[ 0026] When the short-circuit current is detected, the
control circuit 6 controls the sem conductor sw tching

el enents 11 (1l1a to 11n) in the power conversion unit 2 (2a
to 2n) where the short-circuit current is detected to be
turned off. Therefore, the control circuit 6 blocks the DC

power which is to be supplied fromthe DC power supply unit

12



1 to the power conversion unit 2 (2a to 2n). Due to the
control of the sem conductor switching elenments 11 (1l1la to
11n) to be turned off, the power conversion unit 2 (2a to
2n) where the short-circuit fault occurs is disconnected
fromthe DC power supply unit 1. The disconnection of the
power conversion unit 2 (2a to 2n) fromthe DC power supply
unit 1 depends on el enent characteristics of the

sem conductor switching elenments 11 (11la to 11n), and the
di sconnection is rapidly perforned, for exanple, only with
a response delay which is in the order of m cro-seconds.

[ 0027] Therefore, before the aforenenti oned abnor nal
current flows in the other faultless power conversion units
2 (2a to 2n) caused by the short-circuit fault, the power
conversion unit 2 (2a to 2n) where the short-circuit fault
occurs is disconnected. Accordingly, the excessive current
caused by the short-circuit fault does not flowin the

ot her faultless power conversion units 2 (2a to 2n). 1In
addition, if the excessive current caused by the short-
circuit fault is to flowin the other faultl ess power
conversion units 2 (2a to 2n), the current restriction is
perforned by the above-descri bed sem conductor sw tching

el enments 11 (1l1a to 11n). By doing so, the occurrence of
the excessive current in the faultless power conversion
units 2 (2a to 2n) is prevented in advance. Accordingly,

t he power conversion unit 2 (2a to 2n) where the short-

13



circuit fault occurs is disconnected, and the other
remai ni ng faultl ess power conversion units 2 (2a to 2n) can
continue to be stably operat ed.

[ 0028] In particular, according to the power conversion
devi ce 10 havi ng the above-described configuration, the DC
current (DC power) which is to flowin the power conversion
units 2 (2a to 2n) can be restricted by using the

sem conductor switching elenments 11 (11la to 11n). At the
sanme tinme, the power conversion device 10 having the above-
descri bed configuration can rapidly disconnect the power
conversion unit 2 (2a to 2n) where the short-circuit fault
occurs fromthe DC power supply unit 1 by using the

sem conductor switching elenents 11 (1l1la to 11n) at the
time of detection of the short-circuit current. Therefore,
it is possible to obtain excellent effects in terns that
the configuration is sinple and the operation response
characteristics of the power conversion units 2 (2a to 2n)
in normal operation is not sacrificed.

[ 0029] In a case where the nain body of each of the
power conversion units 2 (2a to 2n) is configured with, for
exanple, a three-level inverter as illustrated in Fig. 2,
the follow ng configuration is preferred. In addition to
the configuration where each sem conductor swi tching

el enent 11 (1la to 11n) is provided in series to the

positive el ectrode side of each DC input portion of each of

14



t he power conversion units 2 (2a to 2n), each sem conduct or
switching elenment 14 (14a to 14n) is provided in series to
the negative el ectrode side of each DC input portion.
Herein, the three-level inverter is also referred to as a
neutral point clanp inverter.

[ 0030] Nanely, schematically, the three-|evel inverter

I nputs a central point voltage obtained by dividing the DC
out put voltage of the DC power supply unit 1 by two, the

af orenenti oned positive-el ectrode voltage, and the

af orenenti oned negative-el ectrode voltage and switches the
DC vol tage anong t hese voltages. The out put vol t ages
obt ai ned by switching anong these voltages are synthesi zed
to generate AC power, which is closer to a sinusoidal wave
than that by the inverter illustrated in Fig. 1. The
three-level inverter is described in detail in, for exanple,
JP2011- 193646A.

[ 0031] In Fig. 2, the reference nuneral 15 (15a to 15n)
denot es di odes which are connected in reverse parallel with
the respective sem conductor switching elenents 14 (14a to
14n). In addition, the reference nuneral 16 (16a to 16n)
denotes current detectors which detect current flowng in
the respective sem conductor switching elenents 14 (14a to
14n). In addition, the reference nunerals 17a, 17b, and
17c denote bidirectional swtches for controlling

potentials of serial connection points of the respective

15



hal f-bridge circuits in the three-level inverter.

[ 0032] In Fig. 2, the DC power supply unit 1 is

equi valently illustrated as DC power sources la and 1b
outputting 1/2 of the DC voltage so that the DC power
supply unit outputs the central point voltage which is to
be applied to the three-level inverter. In addition, two
condensers 5a and 5b which are interposed between the
positive-el ectrode voltage point and the central voltage
poi nt and between the central voltage point and the

negati ve-el ectrode vol tage point, respectively, are used in
the three-level inverter.

[ 0033] Therefore, in a case where each of the power
conversion units 2 (2a to 2n) is configured by using the
three-level inverter as the main body, as illustrated in
Fig. 2, the sem conductor switching elenents 11 (1la to
11n) and 14 (14a to 14n) are provided at the positive

el ectrode side and the negative el ectrode side in each of
the DC i nput portions of the power conversion units 2 (2a
to 2n), respectively. Therefore, according to the short-
circuit fault at the upper armside or the | ower arm side
of each half-bridge circuit, the sem conductor sw tching
el enments 11 (1la to 11n) of the positive electrode side or
the sem conductor switching elenents 14 (14a to 14n) of the
negati ve el ectrode side are controlled to be turned off.

Accordi ngly, the power conversion unit 2 (2a to 2n) nay be

16



di sconnected fromthe respective DC power sources la and 1b
of the DC power supply unit 1.

[ 0034] In this case, at the same tine when the power
conversion unit 2 (2a to 2n) where the short-circuit fault
occurs is disconnected fromone of the DC power sources la
and 1b of the DC power supply unit 1, under the control of
the control circuit 6, the power conversion unit 2 (2a to
2n) is preferably disconnected fromthe other one of the DC
power sources la and 1lb. By doing so, the power conversion
unit 2 (2a to 2n) where the short-circuit fault occurs can
be conpl etely di sconnected fromthe DC power supply unit 1.
In addition, simlarly to the above-descri bed enbodi nent,
the other faultless power conversion units 2 (2a to 2n) can
continue to be stably operated.

[ 0035] The invention is not limted to the above-

descri bed enbodi nents. For exanple, although dependi ng on
a power anount of the power conversion units 2 (2a to 2n),
MOS- FETs or bi polar transistors nmay be used as the

sem conductor switching elements 11 (11la to 11n) and 14
(14a to 14n). Furthernore, switching elenents using SiC
(silicon carbide) elenents nay be enployed. In addition,

In the enbodi nents, the short-circuit current is detected
fromthe current flowing in the power conversion unit 2 (2a
to 2n) by the current detectors 13 (13a to 13n) and 16 (1l6a

to 16n) installed in the DC input portions of the power

17



conversion units 2 (2a to 2n).

[ 0036] However, in the case of using the | GBTs having
current sense termnals as the sem conductor sw tching
elements QL to B, the occurrence of the short-circuit
current can be nonitored by directly detecting the current
flowng fromthe current sense termnal into the

sem conductor switching elenents QL to . Alternatively,
the short-circuit of the sem conductor swi tching el enents
QL to @ may be detected based on the DC vol tages applied
to the sem conductor switching elenents QL to G, for
exanpl e, collector voltages of the | GBTs.

[ 0037] In addition, as well as the power conversion
units 2 (2a to 2n) generating a three-phase AC power, the

I nvention can be applied to power conversion units 2 (2ato
2n) generating a single-phase AC power or other power
conversi on devi ces where the power conversion circuits are
provided in parallel with each other. In addition, in the
enbodi nents, in the control circuit 6, the short-circuit of
t he power conversion units 2 (2a to 2n) is detected, and
the sem conductor switching elenents 11 (1la to 11n) and 14
(14a to 14n) are controlled to be turned on and off.
However, the function of controlling the sem conductor
switching elenments 11 (1la to 11n) and 14 (14a to 14n) to
be turned on and off according to the detection of the

short-circuit nmay be provided to each of the power

18



conversion units 2 (2a to 2n). The invention can be
enbodi ed in various nodifications w thout departing from
the spirit of the invention.
EXPLANATI ONS OF LETTERS OR NUMERALS
[ 0038] 1: DC power supply unit
la, 1b: DC power source
2 (2a to 2n): power conversion unit
3: DC link portion
5, 5a, 5b: condenser
6: control circuit
10: power conversion device
11 (11a to 11n): sem conductor sw tching el enent
12 (12a to 12n): diode
13 (13a to 13n): current detector
14 (14a to 14n): sem conductor sw tching el enent
15 (15a to 15n): diode
16 (16a to 16n): current detector
17a, 17b, 17c: bidirectional swtch
QL to B: sem conductor sw tching el enent

D1 to D6: freewheeling diode
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CLAI M5
1. A power conversion device conprising:

a DC power supply unit;

a plurality of power conversion units which are
provided in parallel with each other through a DC |ink
portion to convert DC power supplied fromthe DC power
supply unit to AC power and output the AC power;

a plurality of sem conductor swi tching el ements which
are individually interposed between the respective power
conversion units and the DC power supply unit to restrict
power supplied to the respective power conversion units;
and

a control circuit which nonitors a short-circuit
current occurring in the respective power conversion units
and controls the sem conductor sw tching el ement connected
to the power conversion unit where the short-circuit
current flows to be turned off to stop the power supplied
to the power conversion unit.

2. The power conversion device according to claiml,
wherein the control circuit detects a current supplied from
the DC power supply unit to the power conversion unit, a
current flowng in a sem conductor sw tching el enent
constituting a main body of the power conversion unit, or a
short-circuit current of the power conversion unit based on

a decrease in a DC voltage applied to the sem conductor
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switching el ement and controls the sem conductor sw tching
el ement to be turned off.

3. The power conversion device according to claiml,
wherei n each of the power conversion units is an inverter
unit which generates a three-phase AC power.

4. The power conversion device according to claiml,
wherein the sem conductor switching elenent is provided in
at | east one of a positive electrode side and a negative
el ectrode side of a DC input portion of each of the power
conversion units.

5. The power conversion device according to claiml,
wherein the sem conductor switching elenent is configured
with an 1GBT with which a diode is connected in reverse
parallel or a reverse conducting | GBT which allows a

current to flow bidirectionally.
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