DESCRIPTION

POWER CONVERSION DEVICE
TECHNICAL FIELD
[0001] The present invenition relates to a power
conversion device which rapidly disccennects a defective
power conversion unit among & plurality of power conversion
units provided in parallel with cach other from a DC power
supply unit supplying DC pcwer to cach of the power
conversion units o coniinuc tc operate the other faultless
power conversion unizt.
BACKGRCUND ART
[CCC2] As a power source device which drives a large AC
load such as & motor or drives & plurality of AC lcads in
parallel by using a DU power scurce as a power scurce, a
power conversion device where a plurality of power
conversion units are proviced in parallel with each cther
is used. Fig. 3 is a schematic cornfiguratioral diagram
illustrating such & tZype of the power ccnversion device,
and the reference numeral - denotes a DC power supply unit.
The DC power supply unit 1 is ccenfigurec with, for example,
a diode circuit to recitify and smoothen & commercial AC
power source, a batiery, or the like.
[C0C3] In addition, the reference nureral 2 (Z2a to 2n)
denotes a plurality of power conversion units which are

connected to the DC power supply unit 1 through a DC link



portion 3 to bhe provided in parallel with each cther. Each
of the power conversion units 2 (2a to 2n) is configured
with an inverter unit which converts the DC power supplied
from the DC power supply unit 1 to AC pcower and outputs the
AC power. For examele, outvut termirals 4 (4a to 4n) of
the power conversion units 2 (2a to 2n) are connccted in
parallcel to be usced as power cutput terminals for a large
AC load. Alterratively, a ovlurality of AC loads arc
individually connccied “o the cutput terminals 4 (4a tc 4n)
of the plurality of the vower conrversicn units 2 (2a to 2n).
[COC4] Fig. 3 illustrates an example of & configuraticn
of the power conversion unit 2a. Fach of the power

s provided with three sets
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conversion units 72 (2a To 2n)
of half-bridge circuits which are configured, fcr example,
by connecting six semiconductor switchaing elements Q1 to Q¢
consisting of IGBTs or tThe like in such a manner that every
two semiconducior switching elements are connected in
series and inseried beiween & positive electrode and a
negative electrode of the DBC input terminel in parallel
with each other. Each of the semiconcuctor switching
elements ¢l to ¢6 is driven tc be alternatively turned on
and off with a predetermined phase difference for eac
half-bridge circuif To switch & DC veocltage applied toc the
half-bridge circuit. TIr additior, each of the power

conversion units 7 (2a o 2n) i1s configured tc connec



serial connection points which are central points ¢f the
half-bridge circuitis to the output terminals 4 (4a tc 4n)
so as to output & three-phase AT power having a
predetermined voltage.

[0005] In addition, the reference letters D1 to D¢
denote freewhceling diodes which are connected in reverse
parallcl with the respeciive semiconcuctor switching
element.s ¢1 to ¢6. In addition, the refcrcernce numeral 5
denotes a condenscer which 1s arranged between the DC input
terminals of each of the pcwer conversicn units 2 (2a to
2n) to stabilize the DC vo.tage eapplied to the power
conversion unit 2 (2a To 2n). Ir addition, tThe reference
numeral 6 denotes a coniro. circuit which controls the
semiconductor switching elements ¢l to Q6 to be turned on
and off as described ebove. The power conversion device
having such & configuration is describec in detail, for
example, in Patent Document 1 or the like.

[CCCo] In Pateni Document 1 described above, switches 7
using mechanical contacis are provided as circuit breakers
in the DC input portions of the plurality of the pcwer
conversion units 2 (2a to 2n). Furthermore, Patent
Document 1 discloses & configuration where DC reactors 8
are installed in the DC linx portion 2 with respect toc the
DC power supply unit 1. Wher a defect such as a short-

circuit occurs in any one cf the power conversicn units 2



(22 to 2n), the switch 7 disconnects the defective power
conversion unit 2 (2a to 2n) from the DC power supply unit
1. By doing so, onrly the remairirg Zauvliless power
conversion units 2 (2a Lo 2n) can be operated.

[0007] However, until the defective vower conversion
unit 2 (2a to 2n) is discoanected by the switch 7, an
cxcessive currzent flows from the other faultless pcewer
conversion units 2 (2a Lo 2n) to the sacrt-circuit point of
the defective power conversion unit 2 (2a to 2n). Duc to
the excessive curren:t flow, the cther faultless power
conversion uniis 2 (2a& o 2n) may fa!l into an excessive
current state. The DC reactors 8 have a function of
preventing the faultless power conversiocon units 2 (2a to
2n) from falling into the excessive current state by
restricting the rise of The current flowing in the other
faultless power conversion units 2 (2a te 2n) at the time
of occurrence of the shori-circuit fault.

CITATICN LIST

PATENT DCCUMENT

[cecesl Pateni Document _: CP4726624B2

SUMMARY CF THE INVENTION

PROBLEM TC BE SCLVED BY THZ INVENTION

[CCCT] However, in a case where the B reactors 8 are
inserted in the DC link porzions 3, the response

characteristics of tThe power conversion units 2 (Z2a to 2n)

S



are deteriorated. In other words, the respornsiveness to
the change of the input DC voltage at the normal operation
time of the power conversicn units 2 (2a toc 2n) 1is
deteriorated. Moreover, an operation response delay of the
switch 7 is typically in the order c¢f milli-seconds, and
thus, the responsiveness Te the short-circuit fault is nct
so high.

[001C] The inveniion has been made in consideration cf
such circumstances, and an ob'ect thcerecef i1s to provide a
power conversion device having a simple configuration and
high responsiveness by rapidly disconnecting a defective
power conversion unit among & plurality of the power
conversion units which are provided in varallel with each
other from a DC power supp.y unit so that the other
faultless power conversion units can continue tc be
operated.

MEANS FCR SCLVING PRCBLEM

[CC11] In order to achieve the cbject, accerding tc an
aspect of the invention, there is proviced 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 @ DC link porticn to
convert DC power supplied from the DC power supply unit to
AC power and output the AC power,

Particulerly, the power conversion device according to
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the invention includes a p-_urality of semiconductor switc
elements which restrict power supplied to each power
conversion unit. The semiccnductor switch elements are
individually interposed between each power conversion unit
and the DC power supply unii, and the semiconductor switc
clement which is connected To the power conversion unit
where a short-circuiil current flows 1s contrclled to be
turned off by a conirol circuit wnich menitors the short-
circuit current occurring in each power conversicon unit Lo
stop the power supplied Zo the power conversicn unit,
[CO12] In addition, the control c¢ircuit is configured to
control the semiconductor switch element to be turned cff
by detecting, for example, The follcocwing current: a current
supplied from the DC power supply unit to the power
conversion unit, & current flowing in the semiconductor
switching element consiituting a main body of the power
conversion unii, or & short-circuit current caused by
short-circuit fault of the power ccnversion unit due to a
decrease in a DC voliage applied to the semiconductor
switching element.

[CC13] In addition, the DC power supoly unit is
configured with, for examp_e, & voltage-control-type PWM
converter which generates a predetermined DC voltage by
using semiconductor switching elements such as IGRTs or

MOS-FFETs. Further, each of the power corversion units is

[e2



configured with, for examp_e, an inverter unit which
generates a three-phase AC power. Furthermore, the
semiconductor switch element is configured with, fcr
example, an IGBT with which a diode i1s in reverse parallel
or a reverse conducting IG3T which allows a current to flow
bidircctionally. Ir addition, the scemicorductor switch
clement. is inscried in at Zcast onc ¢f a positive clectrede
side and a negative clecirede side of & DC input portion of
cach of the power conversicn units.

FFFRCT CF THE TINVENTICN

[C014] According o the power conversion device having
the above-described configuration, e ement characteristics
each of the semiconductor switch elements interpcsed
between the power conversicn units and the DU power supply
unit can be effectively utilized to restrict power,
particularly, & curren:t supplied to a respective one c¢f the
power conversion uniis. Therefore, iz is possible to
effectively prevent an excessive current from
unintentionally flowing in the semiconductor switching
elements constituting each of the power conversion units.
[CC15] In addition, in a case where a short-circuit
fault occurs in one of the power conversion units, the
respective semiconductor switch element connected tc that
power conversion unit where the fault cccurs is contrclled

to be turned off under the control of the contrcl circuit,



so that the power conversicn unit can be rapidly
disconnected from the DC power supply unit. Furthermore,
since the response delay of the semiconcuctor switch
element is typically in tThe order of micro-seconds, in
comparison with The case of the related art where a general
switch using a mechanical contact 1s uscd as a clrcuilt
breaker, the power conversion unit where the fault occurs
can bec disconnccied from the DC power supply unit at a
sufficiently high speced.

[0016] Therefore, accorcing tc the power conversion
device according o the invention, unlike the device c¢f the
related art where The DC reacters are provided tc the DRC
input portion of tThe power conversion units, the problem of
the operation response delay dces not occur in the power
conversion units in The normal state. Ir additicn, since
there is no need for a DC reactor, its inductance value
needs not to be adiusted, and the operation responsiveness
of each power conversion unit can be sufficiently fast.
[CC17] In addition, aft the time of detection ¢f the
short—-circuit current in the power conversion unit, only by
controlling the semiconductor switch element to be turned
off, the power conversion unit where the snhort-circuit
fault occurs can be rapidly disconnected from the DC power
supply unit. Therefore, the other faul:iless power

conversion unit can continue to be operated stably without



causing the above-descrired problem of an excessive current.
Accordingly, by using the semiconductor switch elements
having a current restricticn function and a DT link circuit
disconnection function, the whole configuration of the

power conversion device can be simplified while securing

ot
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the operation characteristics, and thus, i1t is possible to
obtain cxcecllent praciical cffects in terms that the
faultless power conversion units can continuc to opecrate.
BRIEEF DESCRIPTICN CF DRAWINGS

[0018] Fig. 1 is a schematic configuraticnal diagram
illustrating main components of & power conversicn device
according to an embodiment of the invention;

Fig. 2 is & schematic configurational diagram
illustrating main components of & power ccnversion device
according to another embodiment of the Invention; and

Fig. 3 is & schematic configurational diagram
illustrating main components of a power conversicn device
of the related ar:t.

DESCRIPTICN CF PREFERRED EMBCODIMENTS

[CC19] Hereinafier, power conversicn devices according
to embodiments of the inveniicn will be described with
reference to the drawings.

[CC20] Fig. 1 is & diagram illustrating & schematic
configuration of main compcnents of a power conversion

device 10 according To an embodiment of the invention. The
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same components as those of the power conversion device cf
the related ar%t illustrated in Fig. 3 are denoted by the
same reference numerals. In addition, redurdant
description of tThe components denoted by the same reference
numerals is omitted. Further, in the embodiment, the DC
power supply unit 1 can be realized, for cxamplce, as a
voltage—-control typce PWM converter or the like which
switches a DC inpul voliage by using semiconductor
switching e¢lemenits such as 1GBTs cor MOS-FETs Lo gencrate a
predetermined DC output vo.:tage.

[C021] As & feaZure of the power conversion device 10
according to the embodiment, semiconcuctor switch elements
11 (11a to 11n) configured with, for example, IGRTs are
installed as circuit breaxers in series with respective DC
input portions of tThe plurality of the vower conversion
units 2 (2a to 2n) which are arrangea in parallel with each
other. Diodes 1272 (1Za to 12r) are conrecied in reverse
parallel with respeciive semiconductcr switch elements 11
(l1la to 11ln). Tre diodes 12 (1Za to 12n) have a functicn
of flowing an AC cross current component superimposed on
the DC power caused by a delay of a switching operaticn of
the above-described switiching elements Ql tc Q6, variations
of the components of the power conversion units 2 (2a to
2n) or the lixke.

[CC22] Herein, the example where each of the
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semiconductor switch elemenis 11 (lla tec 1lln) is inserted
in series with a positive electrode side of the DC input
portion of the respeciive power conversion unit 2 (2a to
2n) is illustrazed. Eowever, each 0of Zhe semiconductor
switch elements 11 (lla fTo 11ln) may be iInserted in series
with a negative clecirode side of the DC input portion of
the respective power conversicn unit 2 (2a to 2n). In
addition, as the scmiconducior switch elcments 11 {(lla tc
11n), reverse conducting 1IGBTs allowing current to flow
bidirectionally may be used.

[C023] In addition, in a case where the power ccnversion
units 2 (2a to 2n) have no abnermality, that is, in a case
where the power conversion units 2 (2a to 2n) operate
normally, the semiconductor switch e_ements 11 (lla to 1ln)
are controlled To be Turned on under the control of the
control circuit 6. Threrefore, the DC power supplied frcm
the DC power supply unit 1 through the DC link pertion 3 is
applied to each of the power conversion units 2 (2a to 2n)
through the respeciive semiconducter switch elements 11
(l1la to 11n).

[GC24] The maximum current of the DC current which flcows
into the power conversion units 2 (2a to 2n) thrcugh the
turned-on semiconductor swiich elements 11 (lla to 1ln) is
restricted according o the element characteristics of the

respective semiconductor switch elements 11 (lla tc 11n).
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Therefore, the DC power applied to the respective half-
bridge circuii constituting the main body of each cf the
power conversion units 2 (2a to 2n) I1s restricted.
Therefore, if a defeci such as & short-circuit does not
occur in the semiconductor switching elements Q1 to Q6
constituting the half-bridge circuits, an ecxcessive current
docs not flow in cach of the half-bridge circuits.

[0025] However, when a cefect such as & saort-circuit
occurs in the semiconductor switcning elcments Q1 to Q6, a
terminal voltage of the condenser 5 Instzlled tc the DC
input portion of the power conversion unit 2 (2a tc 2n),
that is, a so-called DC linx voltage 1s decreased.
According to the decrease n the terminal voltage, a short-
circuit current of which current value ZIs abncrmally large
flows from the DC power supply unit . tc the power
conversion unit 2 (2a o 2n). The conirol circult 6
monitors the occurrence of the short-circuit current
through, for example, current detectors 13 (13a to 13n)
provided to the DC inpu: perticns.

[CC28] When the short-circuit current is detected, the
control circuit 6 controls the semicenductor switch
elements 11 (lla <o 1ln) in the power conversion unit 2 (2a
to 2n) where the shori-circuit current is detected to be

turned off. Threrefore, the cortrol circuit © blocks the DC

power which is To be supplied from the DC power supply unit
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1 to that shori-circuiting power conversicn unit 2 (2a tc
2n) . Due to the control of the semicorductor switch
elements 11 (lla to 1lln) tc be turnea off, the power
conversion uniz 2 (2a Lo 2n) where the short-circuilt fault
occurs 1is disconnected from the DC power supply unit 1.
The disconnection of the pewer conversicon unit 2 (2a to 2n)
from the DC power supply unit 1 depends on clement
characteristics of the scmiconductoer switch clements 11
(l11la to 11n), and the discennection i1s repidly performed,
for example, only with a response de’.ay which is in the
order of micro-seconds.

[CC27] Therefore, before the aforementioned abnormal
current flows in tThe other faultless power conversion units
2 (2a to 2n) caused by the short-circuit fault, the power
conversion unit 2 (2a o 2n) where the short-circuit fault
occurs is disconnected. Accordincly, the excessive current
caused by the shori-circuit fault does not flow in the
other faultless power conversion units 2 (2a to 2n). In
addition, if the excessive current caused by the short-
circuit fault were to flow in the other faultless power
conversion uniits 2 (2a& To 2n), the current restricticon is
performed by tThe above-described semiconductcr switc
elements 11 (1la <o 1ln). By doirg so, the occurrence of
the excessive current in the faultless vower conversicn

units 2 (2a to 2n) is prevented in advance. Accerdingly,
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the power conversion unit 2 (2a to 2n) where the short-
circuit fault occurs is disconnected, and the other
remaining faultless power conversicn units 2 (2a tc 2n) can
continue to be stably operated.

[0028] In particular, according tc the power conversicn
device 10 having the eabove-described configuration, the DC
currcent (DC power) which is to flow in the power ccnversicn
units 2 (2a to 2n) can be restricted by using the
scmiconductor switch clementis 11 (1la te 1ln). At the same
time, the power conversion device 10 naving the abcve-
described configuration can rapidly c¢isconnect the power
conversion unit 2 (2a Lo 2n) where the short-circuilt fault
occurs from the DC power supply unit 1 by using the
semiconductor switch elements 11 (lla teo 1lln) at the time
of detection of tThe short-circuit current. Therefore, it
is possible to obiain excellent effects in terms that the
configuration is simple anc the operaticn response
characteristics of the power conversicon units 2 (2a to 2n)
in normal operaiion are not sacrificed.

[CC29] In & case where the main bedy of each of the
power conversion units 2 (Za to 2n) Is configured with, for
example, a three-level inverter as illustrated in Fig. Z,
the following configuration is preferrec. 1Ir addition to
the configuration where each semiconcductcer switch element

11 (1la to 1ln) is providec in series tc the positive
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electrode side of each DT Znput portion of each ¢f the
power conversion units 2 (2a to 2n), each semiconductor
switch elemenz 14 (l4az to _4n) 1is precviced in series tc the
negative electrode side of each DC input portion. Herein,
the three-level inverter is also referred to as a neutral
point clamp inverter.

[Q030] Namcly, schemeatically, the threce-level inverter
inputs a central point voltage obtained by dividing the DC
output voltage of The DC pcecwer supply unit 1 by twe, the
aforementioned positive-electrode vo.tage, and the
aforementioned negative-electrode vo.tage and switches the
DC voltage among these voltages. The cutput voeltages
obtained by switching eamong these vo.tages are synthesized
to generate AC power, which is closer to a sinuscidal wave
than that by the inverter Zllustratec in Fig. 1. The
three-level inverter is described in cetail in, for example,
JP2C11-193646A.

[CC31] In Fig. 2, the reference numeral 15 (15a to 15n)
denotes diodes which are connected in reverse parallel with
the respective semiconducicr switch elements 14 (l4a to
14n). In additior, the reference numeral 16 (l6a to 1l6n)
denotes current deteciors which detect current flowing in
the respective semiconductcr switch elements 14 (l4a to
14n). TIn additior, the refererce rumerals 17a, 17b, and

17¢ denote bidirectional switches for controlling
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potentials of serial connection points of the respective
half-bridge circuits in the three-level inverter.

[0032] In Fig. 2, the DC power supply unit 1 is
equivalently illusirated as DC power sources la and 1lb
outputting 1/2 of the DC veltage so that the DC power
supply unit ouipuits tThe central point veltage which is tc
be applicd to the three-level inverter. In addition, two
condenscrs 5a and 3b which are interposcd belween the
positive-clecirode voliage point and the central veltage
point and between the centireal voltage pcint and the
negative—-elecirode voltage point, respectively, are used in
the three-level inverter.

[C033] Therefore, in & case where each of the power
conversion units 2 (2a o 2n) 1is configured by using the
three-level inverter as The main body, as illustrated in
Fig. 2, the semiconductor switch elements 11 (lla to 11ln)
and 14 (l4a to 14n) &are provided at the positive electrode
side and the negative electrode side in each c¢f the DC
input portions of the power conversicn units 2 (2a to 2n),
respectively. Therefore, according Zo the short-circuit
fault at the upper arm side or the lower arm side of each
half-bridge circuii, the semiconductor switcn elements 11
(11la to 11n) of the positive electroce side or the
semiconductor switch elements 14 (l4a to 14n) of the

negative electirode side are contrclled tc be turned off.



Accordingly, the power conversion unit 2 (2a to 2n) may be
disconnected from the respective DC power sources la and 1lb
of the DC power supply unit 1.

[0034] In this case, at the same time when the power
conversion unit 2 (2& to 2n) where the short-circuit fault
occurs 1is disconnected from one of the DC power sources la
and 1b of the DC power supply unit 1, under the control cf
the control circuit 6, the power conversion unit 2 (2a tco
2n) is preferably disconneciced from the other one of the DC
power sources la and lb. By doirg so, the power conversion
unit 2 (2a to 2n) where tThe short-circuit fault cccurs can
be completely disconnected from the DC vower supply unit 1.
In addition, similarly Zo the above-cescribed embodiment,
the other faultless power conversion units 2 (2a te 2n) can
continue to be stably operated.

[0035] The invention is noz limited to¢ the above-
described embodiments. For example, although depending on
a power amount of the power conversicn units 2 (2a to 2n),
MOS-FETs or bipolar transistors may be used as the
semiconductor switch elements 11 (lla tc 11n) and 14 (l4a
to 14n). Furthermore, switching elemeris using SiC
(silicon carbide) elements may be employed. In addition,
in the embodiments, tThe short-circult current is detected
from the current flowing in the power conversion unit 2 (2a

to 2n) by the curreni detectors 13 (23a to 13n) and 16 (lé6a
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to lén) installed in the DC input porticns of the power
conversion units 2 (2a to 2n).

[00306] However, in the case of using the IGBTs having
current sense tTerminals as the semicconductor switching
elements Cl1 to ¢6, tThe occurrence of the short-circuit
currcent can be monitored by dircectly detecting the current
flowing from the current scnse terminal into the
semiconductor switching clements €1 to Q6. Alternatively,
the short-circuit of The scmicenductor switching elcements
Q1 to Q6 may be detectied based on the DC voltages applied
to the semiconductor swiiching elements ¢1 to Q6, for
example, collector voltages of the IGRTs.

[C037] In addition, as well as the pcwer conversion
units 2 (2a to 2n) generating a three-phase AL power, the
invention can be applied ¢ pewer conversion units 2 (2a to
2n) generating & single-phase AC power or other power
conversion devices where tThe power conversiocon circuits are
provided in parallel with each other. In additicn, in the
embodiments, in tThe conirol circuit 6, the short-circuit of
the power conversion units 2 (2a to 2Z2n) 1is detected, and
the semiconductor switch e’ements 11 (1la to 1ln) and 14
(lda to 14n) are controllec to be turnec on and off.

However, the function of controlling the semiconductor

U

switch elements 11 (lla Zo 1ln) and 74 (l4a to 14n) to be

turned on and off according to the detection c¢f the short-
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circuit may be provided to each of the power conversicn
units 2 (2a to 2n). The irnvenrtion can be embodied in
various modifications withcout departing from the spirit of
the invention.
EXPLANATICNS CF LETTERS CR NUMERALS
[0038] 1: DC power supp.y unit
la, 1b: DC powecr source
2 (2a to 2n): powcr cenversion unit
3: DC linx poriion
5, ba, bb: condenser
6: control circuit
1C: power conversion cevice
11 (11la Lo 11ln): semiconducter switcn element
12 (12a Zo 12n): diode
13 (13a <o 13n): current detector
14 (14a to 1l4n): semiconductor switch element
15 (15a <o 15n): diode
16 (16a Zo 1l6n): curreni detector
17a, 17b, 17c¢: bidireciional switch
Q1 to ¢6: semiconductcr switching element

D1 to D6: freewheeling diode



CLAIMS

1. A power conversion device comprising:

a DC power supply unit;

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

a plurality of semiconductor switch elements which are individually interposed
between the respective power conversion units and the DC power supply unit to
restrict or block power supplied to the respective power conversion units; and

a control circuit which monitors a short-circuit current occurring in the
respective power conversion units and controls the semiconductor switch element
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, and to electrically
disconnect the power conversion unit from the DC link portion;

wherein the control circuit detects a current flowing in a semiconductor
switching element 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 semiconductor switching element and controls the semiconductor

switch element to be turned off.

2. The power conversion device according to claim 1, wherein each of the power

conversion units is an inverter unit which generates a three-phase AC power.

3. The power conversion device according to claim 1, wherein the
semiconductor switch elements are provided in both of a positive electrode side and

a negative electrode side of a DC input portion of each of the power conversion units.

4. The power conversion device according to claim 1, wherein the
semiconductor switching elements are the IGBTs having current sense terminals;
and the control circuit monitors the occurrence of the short-circuit current by directly
detecting the current flowing from the current sense terminal into the semiconductor

switching elements.

5. The power conversion device according to claim 1, wherein the
semiconductor switching elements are the IGBTs; and the control circuit monitors the

occurrence of the short-circuit current based on the collector voltages of the IGBTs.
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