SPECI FI CATI ON PONER CONVERTI NG APPARATUS AND POWER CONVERTI NG METHOD
TECHNI CAL FI ELD This invention relates to a power converting
apparatus and a power converting method for driving a mediumto high
voltage AC notor at a variable speed, and particularly to a power
converting apparatus and a power converting nethod of a pulse width

nodul ation (PWW control ling system BACKGROUND
ART Conventional ly, for vari abl Lying of a high voltage AC
motor, -a system which enploys a higﬁﬁvgﬁfgg%ﬂﬁ#%gertor or anot her system
wherein a step-down transforner and a step-up transformer are connected to
the input side and the output side of a |low voltage invertor to drive the
hi gh vol tage AC r e ' 6 ' ' ¥ 2
driving circui t P %cﬁomg@#g‘éaiﬁpm %5‘8 iﬂrﬁqet}t gﬂrc{l@?@léﬁﬁvent | onal
exanple, and Fig. 7 is a.concept diagramillustrating four quadrature
operation based on the relationship between the torque and the speed of a
notor. 1In Flg; 6, .reference syhbq+E&QN98££t§fEﬁDhlgh voItage.AC.ﬁDtor of

an

This invention relates to a power convefting
apparatus and a pdwer converting method for driving a
medium to high voltége AC motor at a variable speed, and

 particu1ar1y to a powerlconvérting apparatué and a power
cénverting méthod of a pulse.width modulation (PWM)

controlling system.

B BACKGROUND ART
Conventionally, for variable speed driving of a high
volﬁage AC motoxr, a system which employs'a high.voltage
in&ertor or another system wherein a step-down
_'transformer.ahd a step-up transformer are conﬁected to
_the input side and the output side of a 1ow.voltagé
invertof to drive the high voltage AC motor is employed,
Fig.'G is é_circuit diagram.of a driving circuit
‘which employs a_high voltage.invertor 6f'a cénventional
ex;mple, and Fig. 7 is a concept diagram illustrating
fbur quadrature'operation baSed on the relationship
bétwéen the.tdrqué and the.speed 6f_a'motor. In Fig. 6,

reference'symbol 10 denoteé a high voltagé AC motor of an



object of. driving, 101 an invertor unit, 102 a snoothing capacitor unit,
103 a regenerative converter unit, 104A and 104B each denotes an AC
reactor, and 105 denotes a three-phase transforner. The invertor unit
101 includes three-level invertors .of the neutral clanping type and

enpl oys, for power elenents, a GIO (Gate Turn O f Thyristor, hereinafter
referred to sinply as GIO) to assure a high withstanding voltage for the
el ements. TPRIPOHePL clEERRG, a1 @1 BBnABEEEROrNUBAE) 302 020EMPREB1LRDYI si ONnal
sharing of a voltage, and variable voltage variabl e frequency &VVVF)
power is sUPPPREHLPE oWRAthi B3 vaI FageneEapaver conppryert BRikd 1P t he
snoot hing capacitor unit 102 to the _invertor unit 101. In order to keep

di vi sional aRdr194B each denetge ar RReresxetorwefndihBandeRabBEracircuits
-must be installed individually. I'n the converter unit which supplies a DC
vol t age to tmeeanBbasentranpber®e¥. unit 102, the capacity of the high
voltage invertors is generally as high as several hundreds kWor nore, and
the constructi BReoinVRELPEgERREaLMtelnsAvEeseithyrerleyeli 4nveségTeor
danpi ng energy processin ugon-geceleration-or for four quadrature.
operation (9 r\?\h‘?dn‘él\lﬁﬁigg? pppERgetYRei dndgempdeRar dEPEGRRAYREL i on and
reverse regeneration) illustrated in Fig. 7. In Fig. 6, two circuits each
conposed ofehe%%ﬂﬁﬁnaﬁiGﬁoofG@F?rTﬁFBrQfgnﬁhEIGEtQFe herginafitesr es
connection, and control between driving and . . .
2 referred to simply as GTO) to assure a high withstanding

voltage for the elements. The power elements are

' connected in series to acﬁieve divisional sharing of a -

_.voltage, and variéblé vbltage variable frequency (VVVF)
power is supplied froﬁ a high voltage DC powef supplf
formed from the smoothing capacitor unit 102 to the
/invertor unit 10l. In érder.to-keep divisional sharing
of a voltage_of the GTOs,_well known snubber circuits
must be installed individuaily, In the converter unit
which suppliés a bC Qoitage to:the éméothing capacitor
unit 102, the caéaéiﬁy of-the high voltage invertors is
'geherally as high aé-several hundreds kW or more, and.the
construction of the regenerative converter unit.103 is
used for dampin§ energy processing upon deceleration 6r
for four quadrature o?erafion-(forward driving, reverse

: driving, forward regeneration:and reverse regeneration)

~ illustrated in Fig. 7. In Fig. 6, two circuits each
compdsed of a cpmbination of thyristors-éﬁd GTOs.are ﬁsed

in series connection, and control between driving and



regeneration is perforned dependi ng upon the direction of DC power. The
fegenerative converter unit 103 is connected to secondary w ndings of the
t hree- phase transforner 105 through the AC reactors 104A and 104B while
primary w ndings of the three-phase transforner 105 are connected to a
high voltage comercial power supply so as to receive supply of power.

Fig. 8 is acircuit diagramshow ng a driving circuit which enploys a |ow

vol t age i nvesderiedt fok O1w epéi Hnithed edap@hding upoy. te difectice ofiner al
10 denotes a high voltage AC notor of an object of driving, 106 an

invertor . g tpowdr. a THO AUdyeip: nza;aaxe tconwerter 108t Ileiwer ati ve :
converter unit, 109 an AC reactor, 110 a step-down transforner, and 111 a
step-up trafshnEdesd to'sed&ﬁdaﬂyewimdlu@stoﬂOﬁhénthndesph&EEs (Insulated
Gate Bipolar Transistors, hereinafter referred to sinply as [|GBTs) and
di odes conneﬁmﬂfa;mertmsetmrmghbthelgac reéactiors ah@4Asapdl $€4Ri dt h
‘nodul ation (hereinafter referred to sinply as PW) controlled so that it
may out putwii Vel prieanydwindirgseofythecthsaeyphaser tvans ierment 0510
through the step-up transforner 111. Since the invertor unit 106 is a | ow
vol t age i nVgré ofonhécted tonaechigh voltagehcghmentiapepd@enoseppl® t hrough
the step-up transfornmer 111. Al so the regenerative converter unit 108 is
conmposed OfséCEQStﬁnﬂedendeSSﬁppnycbEdpoﬁeﬁ t hr ee- phase bridge circuit
S|n1IarIy as in the invertor
Fig. 8 is a circuit diagram showing a driving c1rcu1t
which employs a low voltage invertor of a conventional
example. In Fig 8, reference numeral 10 denotes a high
'voltage AC motor of an object of dr1v1ng, 106 an 1nvertor
unit, 107 a smoothing capacitor unit, 108 a regeneratlve
_converter unit, 109_an AC reactor, 110 a step-down
transformer, and 111 a step-up transformer.
The invertor unit 106 includes IGBTs (Insulated Gate
Bipolar Transistors, hereinafter referred to simply as
IGBTe) and diodes connected in a three-phase bridge"
circuit and is_pulse width modulation (hereinafter
referred to simply as PWM) controlled so that it may
output a voltage and'a frequency necessary to drive the
motor 10 through the step—up transformer 111 Since the
invertor unit 106 is a low voltage invertor, it is
connected to the high voltage AC motor 10 through the
step-up transformer'lll. _Also the regenerative converter

unit 108 is composed of IGBTs and diodes connected in a

three-phase bridge circuit similarly as in the invertor



3 : unit 106, and is connected to secondary w ndi ngs of the
step-down transfornmer 110 through the AC reactor 109 while primary :

“wi ndi ngs of the step-down transformer 110 are connected to a high voltage
comerci al power supply so as to receive supply of power. Meanwhile, also
DC buses of the regenerative converter unit 108 and the invertor unit 106
are connect C h.er t hrough e snoot hi ng_capacitor .t 107. Both
of the mve‘frgjbrolu&n?‘t t.‘L’"%E) cdmfrhcq:re%tetnera?% 39\7’61’{) IFni are PW

control |l ed -dd%h dﬁﬂ{ ﬂ%&{ cirld/lﬂ}?rosy q__rﬂsé r§e%>él r(% gg a multiple

cycl oconverterp recite oconver par & Sd in Japanese

Patent Lai q;{PED p éf"%}irﬂﬁ JEISH 9%13‘%% %r%g%flg\g.mﬁtrygﬁ%converter

recited in "Power Converting ar at us of

Systent' di gﬁ@%ﬂ&t@pw%ettﬁglpg;roéd;%g ﬁédg%gd_éﬁpkj cal ?;r,]l - He! sei

7-44834 are known However rivi ng a high
vol tage ACHIDIA WleSUddisth BMAY of pdRANWILEn.hlfol £ ohathe wOrld is

directed to energy conservatl res urce. conservati oh, T ni hum si ze,
hi gh ef fi cipies siddwfags&@ 't %V@&%%ﬁ}dun W 588 AV ERQr m for
i nprovenent in environnent, ue to conplication of appl I"Cation

fg;;?gst ol rﬂ?fv@ﬁf@:ntudi't 1@%9%% oty ltlof LatHCB RSy 'EREB}{SHB%e' n
' smoothing capacitor unit 107. Both of the invertor unit
106 and the regenerative converter unit 108 are PWM |
controlled. |

As other motor derlng systems, for example, a
multiple cycloconverter reCited in "Cycloconverter'
Apparatus" disclosed in Japanese Patent Laid-Open
Application No. Heisei 6—245511 and a PWM cycloconverter
recited in "Power Converting'Apparatus'of a Pulse Width
Controlling System“ disclosed in Japanese Patent
Publication Application No. Heisei 7-44834 are known.
However,.they are not directed to driVing of a high
voltage AC motor described above.

‘Meanwhile, the trend of the world is directed to
energy'conservation, resource conservation, minimum size,
high efficiency and low-distortion voltage and
current waveform for improvement in environment, and due
to complication of application systems, improvement in

operation reliability such as improvement in regard to

redundancy is required. Also the motor driving systems



redundancy is required. Also the notor driving systens of the
prior art described above naturally becone an object of such inprovenent.
However, fromthe point of view of energy conservation, resource
conservation, mninmmsize, high efficiency and | owdistortion voltage and
current waveformfor inprovement in environnment, both of the high voltage
invertor systemand the |ow voltage inverter systemof the prior art

exanpl es desfrthedpaborveahtivéesteibéd| dbovragnptobiehyg. becomel ant he case of
the high voltage invertor systemof Fig. 6, a GTOis enployed for nain
circuit el cokjesti of sudkrimprevément.a hi gh vol tage w t hstandi ng property.
Since a GTOis not a high speed switching etenent, it is difficult to use
a high carrier Hoegquergyframdthedpofintnofi niewi 6€ eneirgyerter driving or
suppression of. waveform distortion cannot be anticipated. Further, since a
snubber circomsenfabiGip repeatse chongengationdi sthimgnngizeachighne:
switching is perforned, also the loss is high, and since it has a circuit
const r uct i oaf i téneypang slew-di ghoxroi dageott agenand asgaurante of insul ation
“for a main circuit, a bus bar and so forth is required and the snubber
circuit is watefoimabbe improvementi hy ¢heironment grbpahkafeth&uhighr nore,
since a GIO driving. power supply is required for each GIO and besides a
hi gh vol t agel tagepjphvedtart sepever cand cthpokew soppagesinvérter

_system of_the.prior art examples described above have_ihe
.fdllowing problems. |
In the case of the high voltagé invertor system of

Fig. 6;.5 GTO is employed for main circuit elements in
‘order to achieve a high voltage withstanding property..
Since a GTO is not a high speed switching element, it is
difficult to use a high carrier frequency, and feduction
in noise in inverter driving or sﬁppression of waveform
distortion cannot be anticipated. Further, since a |
snﬁbber circuit of a GTO repéats charging and discharging
each time switching is performed, also the loss is_high,
~and since it has a circuit construction which emplbys é
'high voltage element, ésSﬁrance of insulation for a main
‘circuit, a bus bar and so forth is required and the
snubber circuit is not suitable for minimizing the 
inverter package. Fufthermore, since a GTO driving power
supply is required for each GTO and besides a high.

vqltage is applied between control power supplies, it is.

not easy to generate the control power supplies, and this

[



not easy to generate the control power supplies, and this s a
bottle neck to minimze the inverter package.: Meanwhi l e, -in the case
of the step-up systemof the I|ow voltage inverter of Fig. 8, since it is
an | GBT invertor of a low voltage, while high frequency PWM control is
possi bl e and reduction in noise can be ant|C|pated in order to achieve a
| arge capacity,. parallel connection of I'GBTs is required, and a

count er reasl @ fh@fttrl%r Hdc¥  thA3GniGeARthed invéiRIr prickugd. are required

and mnimumsize is difficult. Further, also an increase in |oss of | GBTs,

bus bars and giuHH@iXd ) Gir tghelded b f NoHB hi -l rpstans Sttt ed, and
m-nimzation is dlfflcult al so fromthe phase of cooling. Furthernnre

where st ep-1éRy volRIJOliITRGE ML oft IFNES @,Myims Saeris mrFiIEBM, since the
switching speed of 1G@BTs is high, that is, since dV/dt upon switching is

| arge, al sqrvkaiter RO vilsRek witidte Hiygh ifrhipieanoePWE wiring
l'ines, floating capacitances of the wring lines, inductances of a .

t r ansf or mereaRecI0 fPidEsiMd eapharcRictaldradga irfoigRnesat &k i n synchroni sm
with switching of PWM control - of an invertor, causing dielectric

breakdown @ihtiika paled, irfordedOWY eidTER M @ lagRidsagdiaitgrawback, it has
been proposed toinsert a filter between the invertor unit 106 and the

step-up t e Eedkiiectidn ©f SaErd 6@ tedpdiredtand &ilter - Grcuit .o.f

Vol tage Type PWM I nvertor" disclosed in Japanese Patent -Lai d- Open

App"Cat'0%dﬂhtéﬁﬁéﬁ%ufb’@%Ehbarallel balancing and a snubber .
circuit are'required_éhd minimum size is difficult.
Further;.also an increase in'1oss of IGBTs, bus ba;s and
‘snubber circuits arising from_high current is estimated,
and minimization is difficult also from the phase of
éooling. Fﬁrthermore, whéfe'step—up.is performed by a
transfofmer as.seen in Fig. 8, sinée the switching speed -
of IGBTs is high, that is, since Qv/dt upon'switching_is
1arge; also theie_is andthér drawback that, by
inductances of wirihg lines, floatinglcapacitances of the
wiring lineé, inductances of a-t:ansformer and so forth,
a resonancé'voltage is generated in syhchronism with
sw1tch1ng of PWM control of an. 1nvertor, causing
dielectric breakdown of the motor As a countermeasure
aga;nst the drawback, it has been proposed to'insért a

'.filter between the ihvérto:'unif 106.and the step-up

transformer 111 of Fig.'B_as recited in "Qutput Filter
Circgif of Voltage Type PWM Invertor" disclosed in

- Japanese Patent Laid—Opeﬂ Application No. Heisei 1-72144.



In addition, since, upon |ow frequency operation, the voltage/frequency
ratio to be provided to the transformer is set to 1.5 to 2 tinmes that in
the proximty of a rated frequency by an invertor in order to assure
starting torque, there is another problemthat a larger transforner than
a transformer for a commercial frequency is required so that magnetic
saturation may not occur. Further, if the invertor 106 generates an offset
'vol tage duknt additdiepegr sinnei, nupwnt dbiwndreqaeacyepperatioh,t ke | GBTs and
so forth, then since a DC voltage is applied to the step-up transforner
111, nagnet volsager freqnencyurstioCinsbguembiidedh&pethe &rpnsfpamesl so
t hat excessive current flows. As a count ernmeasure agai nst harnoni.c
distortion o6 aat tot pub tol Ragémes thatenn thiei proxhmilygkfvel raged
“invertor is controlled by 3-level control and both of PWM control and"
anpl i t ude cfnéeqobnayebysed, invertow ivnl pader tovessvrespdaaHidgpl oys only
"PWM control and exhibits |large harnonic distortion. Also for the power
supply vol tagguesi tberehdsr epetbeat probdem &hegr audarged3 of the . high
voltage invertor systemof Fig. 6 uses 120-degree energization waveforns,
| ow order haransifordiest thinoa tranmsifosmeandow ah commelrgwalolfrggaengyert or
- systemof Fig. 8, since the regenerative converter unit 108 perforns PW

control, aIihonghuhmmdosdethharmagneslcfspmmeat&nppmyy @@ﬁr@@@u;re
suppressed hi gh .order harnonics remain. -

. .Further, if the invertor 106 generates an offset voltage

due to.a dispersion in switching characteristic of the
IGBTs and so forth, then since a_DC voltage is applied to
the step-up transfofmer.lli, magnetic saturation occurs.
Consequenply, there is a problem also that_eXcessive
current flows.

As a-counterﬁeasure-ageihst-harmonic distortion of an
outputlﬁoitage or curreht, while the high voltage.
invertor is controlled by 3—1eve1 control and'beth of PWM
‘control and amplitude eontrql are'used( the.low vdltage.
iﬁvertor system employs only PWM control and exhibits
large harmonic distqrtion. Also for -the power supply
‘voltage, sihce the'regenerative converter unit'103 of the
-high'veltage'invertor 5ystem of Fig.'ﬁ uses lZO-degree
energization waveforms, 1OQ order harmonic distortion
- remains, and with_the iow volﬁage invertor system of Fig.
B, since theIregenerative.converter unit 108 performs PWM
control,'aithough.lew order harmonics of power supply

current are suppressed, high order harmonics remain.

~1



7 - As described above, the conventi onal invertdr syst ens
_cannot sol ve the technical subjects such as energy conservation, resource
conservation, mninumsize, high efficiency and | owdistortion voltage and
. current waveform for I mprovenent in environment needed by the nmarket.
Further, any of the systens cannot solve the technical subject of
| mprovenent in redundancy such that, wupon failure, operation is perforned
with a normal past describedr abewve,ofthiehewsndnvnalhdamvierdion sy sitems t or
systens, the cycloconverter recited in "Cycloconverter Apparatus”
di scl osed i cadaptnesévlatbet teahdiCpénsulyjekcitsatsuoh Ws. edexrgyi 6- 245511
cannot raise, since it is of the power supply conmmutation system the
out put freqorseyvetlipnypresoit8et cohs2rivat ipaye minimpiy sizeqgqhdghy .
Consequently, the cycloconverter is not suitable for notor driving.
An i nprovenefifiofienty aydléowadestertpostvddsagebadd caraeRANl
cycl oconverter recited in "Power Converting Apparatus of the Pulse Wdth
Cont rol | i ngw&yeferin fdirsimprodemeniapanenyiPanment. acededebyAppki cati on No.
Hei sei 7-44834. The PWM cycl oconverter has the follow ng characteristics.:
1) M ni at urmasketn |iBuxtber pexmysef i theosgshens cagneteselivéd ehéx:circuit
as is required by an invertor system
technical subject of 1mprovement in redundancy. such that,
upon failure, operatlon is performed with a normal part.
Further, of the systems other than the invertor
systems, the cyclocoﬁverter recited in “Cyclocdnverter-
Apparatus" disclosed in Japanese Patent Laid-Open
Application No. Heisei 6-245511 cannot raise, since it is
of the power supply commutation system, the output
frequency only ﬁp to 1/3 to 1/2 the power supply
frequency. Consequently, the cycloconﬁerter is not
suitable for motor driving.
An'improvement of the cycloconvefter just described
is a PWM cycloconverter recited in "Power Convertlng
Apparatus of the Pulse Width Controlling System"
disclosed in Japanese Patent Laid-Open Application No.
' Heisei 7-44834. The PWM cycloconverter has the following
chaiaCteristics.
1) Miniaturization is easy because it does not
require such a DC circﬁit as is required by an invertor

system.

2) The element loss is low and the efficiency is high



2) The element loss is | ow and t he efficiency is high

- 8 '~ Dbecause the nunmber of elenents inserted in series ina route
froma power supply to a load is snmaller than that of an invertor system
3) Four quadrature operation is easy because direct AC AC conversion is
used. However, since also this systemis a PW control power
converting systenlof t hr ee- phase inputs and three- phase outputs, although

| ow order hajdAmiestid MoMRir ofuRNlanchity Qs srtRd URPIRGSRG it gh order
harmoni cs renmain, and the technical supject of voltage and current

wavef or m dirdid Iﬁblﬁthpﬁicﬁﬁs‘ﬂ Fuppinalo ke 1xald/ ad feifalaeh tiedin tdieat nput and
the output. Further, in order to drive a high voltage AC notor, a system

wher ei n a[33M§neiﬁvg¥ﬁor|§ygggﬂprned as to have a high voltage
wi thstanding property to nake a high voltage PWM cycl oconverter or a

voltage is rai-sséﬂ Pyud dquiadsd QireropsraatidH etk iy - adsdal sedgect s as

those of the high voltage inverter = systemor. the. transforner step-up

system of ad-ow WA idiey Wedoccur. Furthernore, in the conventional
exanpl es descri bed above, all of the systens have a problemthat, if sone

function is damnegesves hesimperatsorchianngitdie Lo iwedontrol It is an
obj ect of the present invention to provide a _

power converting system of three-phase inputs and three—
phase outputs, although low order harmonics of power . ..
supply current are suppressed, high oxder harmqniCS'
remain, and the technical subﬁect of voltage and current
wavsfsrm distortion supﬁressisn cannot be solvsd for both
of the input'and the output. Further, in order to drive-
a high volfsge AC motor,:a-systeh wherein a power element
is so formed as to have s high voltage withstanding
property to make a high voltage PWM sycloconverter or s
voltage is raised by a transformer is adopted) and the
same subjests as those of the high letage_inverter
system or the transfdimér step-up system of a low voltage :
invertor occur. Furthermore,'in the conventional
examples described above, all of the systems have a
problem that, if some function is damaged, then operation
cannot be continued.

It is an object of the present invention ﬁo provide a
- power converting'appa:atus and a power converting method
of a hultiple thréeéphase pulse width modulation

cycloconverter system for driving a.high voltage AC motor



‘power converting apparatus and a power converting nethod of a multiple
t hr ee- phase pul se wi dth nodul ati on cycl oconverter systemfor driving a

~hi gh vol tage AC not or by which a high voltage of |ow distortion
i s.generated- using a |ow voltage .invertor technique. .
'DISCLOSURE OF THE INVENTION ~  According to the present invention, a

power converting apparatus of a multiple three-phase pulse wdth
nmodul ati on byclvhgeRvar heghsysleagéobfdlbwi Ags@oktdbn Y8l jagerA€edot or at a
vari abl e speed i-s constructed such that t he power converting
appar at us casphgsaslewsivoltaget hneerpbaseethanghermer having a single set
of primary w ndings and 3xn sets of secondary windings or m(1 [err] m
[err] n) three-phase transformers each having a single set of primary

wi ndings and 3xj (j = n/m sets of secondary w ndings, 3xn three-phase

reactors individually connegbetoSUREt D8 FHEOTHFENTHORdI ngs, and .3xn
t hr ee- phase/si ngl e- phase pul se wi dth nodul ati on. cycloconverters

indi vidual ly coaeeesdafgt @ot kBet breceptajaveatibal,sa pbakrt he prinary
wi ndi ngs of the three-phase transforner or transformers are connected to

~an ext ernal copveesehgsapphyavhis! £t Aemusesphdatlrsenghage pudsarranged in
three units, each one unit. wwth n sets of secondary w ndings, and the

electric aﬁgaeﬁ haau&aﬂlansey51eéoﬁaébt§eceydaém gopdupgeinl ahhigh sets

|n sanme unit are different by (60[err]k) (where 1 [err] k
voltage AC motor at a variable speed is constructed such
that

.the power eonverting apparatus comprises a single

‘three-phase transformer'having a single set of primary
windings and 3xn Sete of seeondary windiﬁgs orm (1= m
= n) three-phase transformers each having a eingle set
of primary windings and 3xj (j = n/m) sets of seeondary
windings, 3xn three-phase.reacto;s individually connected
to the_secondary windinge, and 3xn three—phase/single-
phaée pulse width'modulation.cycloconverters individually
connected to the three-phase reactors, thet the primary
windings of the three—phaseltransforﬁer or transformers
are connected.to an exterhal AC power supply while the
secondary Qindings.are arranged in three uhits,_each ene.
'unit.with n sets of secondary windings, and the electric
angles between n sets of eacﬁ secondary windings of the n
sets in same unit.are differeﬁt by (605+k) (where 1 = k
= n) in phase from eech other (however, where k = 1, the

phase difference is 60 degrees, and this is equivalent,

10



[err] n) in phase from each other (however, where k = 1, the phase
difference is 60 degrees, and this is equivalent, where a
‘transforner load is a three-phase full wave rectifying circuit, to that no
phase difference appears), and the secondary w ndings i.n the three units
whi ch have the electric angles of the same phase formn groups, the
secondary wi ndings, the three-phase reators and the

t hr ee- phasesléng| - phanefpuhe 1obdt bs naduhabéophasgctatbnwavéers connected
in series, that each of the three-phase/single-phase pulse width
nDdulatlon réyeipgbnyecietaitpctodenasi o pphase Wi ilf Pereduéaappearsppt rol | ed
bidirectional sem conductor switches capable of flowing current in the
opposi te disgdtthassetbrdeiproighingd ahl enenghseefuaitschhbghohanad sel f

switching off, three filter capacitors, three-phase AC term nals connected -

to correspotidé nglecesiof ahftes hoLethepsane praséofsrmandgsougsg- phase AC
termnals connected to the outside, and the six bidirectional

seni conduct ©scordbie einaings pnoRet Erée-phabeceegbose dnddgrecircuit to
t he three-phase AC terminals and the single-phase AC terminals while the

filter capatghtessphaseflopngtéephase palse widshamodabaeLonhon to the
t hree-phase AC terninals, that the bidirectional senm conductor switches

control so cf&&@edﬂ+éﬁgeﬁsoéoﬁﬁé@ﬁé@ULﬁ serbesputpatt edchoof hehe
si ngl e-phase AC termi nals of the three-phase/single-phase .pulse wdth
nodul at i on €céocphasesf einghdyphas€ pulsbwidth modulation '
_cYcloconverters includes six pu1se width modulation
ccntrclled bidirectional semiconductor switches capable
of flowing-current in the=opposite'directions |
therethrough and alloWing self switching on.and self
switching off, three filter-capacitors,'three-phase'AC
ferminals connected to corresponding ones of the three-
phase reactors, and single-phase AC terminals connected
to the out51de, and the six bldlrectlonal semlconductor
switches are connected in a three-phase bridge circuit. to
. the three-phase AC terminals and the single-phase AC
terminals while.the filter.capacitors are connected in
delta or star connection-to the'three—phase AC terminals,
that the bidirectional semiconduccor switches'control.so
that voltages of AC outputs to be outpntted.to the_
single—phase AC terminals of the three-phase/single-phase
pulse width_mbdulation cycloconverters may have a same

phase in each of the -units but electric angles of basic

wave voltage'phases may be different by 120 degrees from

11



phase in each of the units but electric angles of basic wave voltage

" phases may be different by 120 degrees from each ot her anong the
three units, and that the single- phase AC termnals of the _

t hr ee- phase/ si ngl e- phase pul se w dth nodul ati on cycl oconverters in the
same units are connected in series and the correspondi ng singl e-phase AC
termnals at the opposite ends of the series connections are connected in

star connegdj] toc;{?,hé(_speg}nc; u‘%ﬂ% E5h U tisn i Wi | Shd e, ot 2‘?{%}[%{]&%%5 m nal s

. are connect ed ree | ermnal s of the exfern tage AC .
not or  whi | | Of F VI 4 hree ﬁ;gé- C [ par at us
may conpri ?&A%nq‘g? %ﬁﬁ%q%%géﬁ hﬁ}g%-% JZjiesee B regi)%%‘?oé}z%\és é‘g%épgsi ng

| eak i nduc}apge . Q%Qgﬂg' '%Egé%g e pheS€ard I ansf or mer
.or transforq';rrle_r S. %ndauﬂélc(ﬁ?o t eé/%l)ll)&l rec |0%IE£%%%%% uct or s]\i\%tches of

i ncl ude T vk EER A GOCo T chat e bRty UEINETS, o

include two sem conductor swtc eac . el enent
having a s J r4pt it ' Loy erse
paral Ter 10 TTRUB AR sitgftes, eadliof B e Co T BT o
thereof is ﬂ@%ﬁ%@%& A Had onm&it Lo esf! nrddud¥0s

sem conduct or swt bel ng connected Tn series such that polarities.

t hereof arvg-hﬂ%oqf‘i{é b A mﬂ{ai@yafé'cé&gigeéﬁ’@d @@EWUCtor

smitches each including a sem conductor el enent ving a s nt errupting
Qapabl||tYfHBLéiéng§hals of the external high voltage AC motor_

which is an object of driving.

The power converting apparatus ma? comprise, in place
of the threé—phase AC reactors, means for using leak
inductances of the secondary windings of the three—phasé
transformer or transformers.

Each of the bidirectionai semiconductor.sﬁitches of
the three-phase/single-phase pulse width médulation
cycloconverters may includeltwo semiconductor switches
each including a semiconductor elemeht having:a self
interrupting cépability.and a diode connected in reverse
pafallel to the semiconductor element such that a
conducting direction theredf is opposite to that of the
semiconductor element, the two semicondugtor switches
being connected in series such that polarities thereof
are opposite to each other, or may-include two
_sémiconductor sWitcheé each including a semiconductor
elemént having a sélf.interrupting capability énd a diode

connected in series to the semiconductor element such



connected in series to the semconductor el ement such
12 that a conducting direction thereof coincides with that of

t he sem conductor el enent, the two sem conductor sw tches being connected
in parallel such that polarities thereof are opposite to each other, or
otherwi se may be constructed such that- a sem conductor elenent having a
self interrupting capability is connected to two DC term nals of four

di odes conndraed i cordectiphe-phesetidni thersof hcohatidesdutthnghatrecti ons
may be the same- direction and two AC term nals of the single-phase bridge
are used asof nphe /sempoondectonaébement, #heotwe ngembcohduptesent

i nvention, a power converting nethod of a nultiple three-phase pulse width
- nodul ati on swyitches\eeiry coyshentédrinrparablel hsgbh tbatagelaCitbesr at a
vari abl e speed is constructed such that, using a power converting .
appar at us ofthereanf t apé coppis tee ptaseaph| sthar ¢t br nothéavi se nyygl beonvert er
system the bidirectional sem conductor switches are controlled by a
pul se wi dt comsitihat ted sysh ethso & hsemiobhdgesonfelénentit batvingoabe
outputted to the single-phase AC terminals of the three-phase/single-phase
pul se w dt hselbfl i mtexmuptimg occapaleil fty haycbanectedate phaskCi n each of '
-the units but electric angles of basic wave vol tage phases

: terminals of four diodes connected in a single-phase .
bridge such that conducting directions may be the same
dlrectlon and two AC terminals of the s;ngle-phase bridge

are used as input/output terminals.

Accordlng to the present invention, a power

converting method of a multiple_threé-phase pulse width
modulation cyéloconverter'system for driving a high
voltage AC motor at a variable speed is constructed such

that,

‘using a power converting apparatus of a multiple

three-phase pulse width modulation cycloconverter system,
the bidirectional semiconductor switches aré controlled

by a pulse width modulation system-so that voltages of AC
outputs to be outputted to the single-phase AC terminals

of the'three-phase/single-phase pulse width modulation
cycloconverters may have a same phase in each of the
units but electric angles of basic wave voltage phases

between the th:ee units may be different by 120 degrees

from each other to drive the high_Voltage AC motor at a

variable speed.

13



between the three units may be different- by 120 degrees from each other to
-drive the high voltage AC notor at a variable speed.

13 : The power converting nethod of a nultiple three-phase
pul se ‘wi dt h nodul ati on cycl oconverter system nmay be constructed such that,
when the power converting apparatus is to operate in a condition wherein m
(where 1 [err] mJ[err] n) ones of the n three-phase/single-phase pul se

wi dt h nodul at i ofheypbwerncenvertiof me¢hofl diicaumultipdel threpephase

. single-phase ACtermnals of the failed three- phase/single-phase pul se
-~wi dth nodul pelse wydtbcwodelatien eyelgtontverterusystemmnayhbee sets of two
those ones of "the bidirectional senmiconductor sw tches connected to the

t hr ee- phasecaisteuated| such thate whenhthéhpewer phavertingl e- phase pul se
wi dt-h nodul ati.on cycl oconverters of the other two units which correspond
to the failappatates- phate/ epaghtephnsa pohditiwntwhepeihani (where 1
cycloconverters are -successively rendered conducting one by one set at
equal tinme Eherdahp dneshoftthé rsuthrédephdde eingls-plasdiepisier ecti onal
sem conductor swi tches, and the high voltage AC notor i's driven at a

vari abl e spedthumodglahioneapchoognyerhprshoEcopbasE/ thaghriphaseilpul se
wi dt h nodul ati on cycl oconverters of the three sets, or such.three sets as
ment i oned abheesangleupheselkélyermtndbsedfcbhdufalhgdohhreg-one set each

time a detected
phase/51ngle—phase pulse width modulatlon cycloconverters

are short-circuited and three sets of two those ones of
the bidirectional semiconductor switches connected.to the
three;phaée AC terminals 6f those of the three-
phase/single-phase pulse width modulation cyclocbnverters
of the other two units which correspond to the failed
three-phase/single-phase pulse width modulation
cycloconverters are sﬁccessiﬁely rendered conducting one
by oné set at equal timé intérvals to short-circuit the
three sets of the bidirectibnal semicohductor switches,

- and the high voltage AC motor is driven at a variable

' speed using the'remaining-(n?m) three-phase/single-phase
pulse width modulation cycioconverters of the three sets;
or such three sets as ﬁéhtioned above are successively
rendered conducting one by one set each time a detected
ditectién of current befween the single-phase AC
terminals exhibits a reversal to short-circuit the ﬁhree
seté_bf the'bidirectionél semiconductor switches, and the

high voltage AC motor is.driven-at a variable speed using

14



_direction of current between the single-phase AC terninals exhibits a
reversal to short-circuit the three sets of the bidirectiona
sem conductor switches, and the hlgh vol tage AC-notor is driven at a

vari abl.e speed using _ 14 t he
remaining (n-m three- phase/5|ngle phase pul se width nodul-ation
cycloconverters of the three.sets. When it is tried to perform

variabl e speesl fehyinon@f ( n-%uﬂﬂ’ﬂrlr % f&ﬂ@l@loh@é,é‘%ﬁf@ewj!&h
iple

converting apparatus o ree- phase pul se width nodul ation

cycl oconverg@duFyei e &fcldCopdstéte i dPNrheecrrédeseedove, since waveform
control™ of the three- phase/single phase pul se wi dth nodul ation-

cycl oconvert er syheh ibeishteeedntdSpeRrEbraovanserlef speglivaalvigobegr oups
S perforned i nput and out put voltages and currents of waveforns of | ow

distortion argi @ptvoesge AT HoEGE usih@Cths OpyREs @dnT&PERE to AC is
performed, also supply and regeneration of power can be performed freely.

Further, si PR @fr&%ﬁltﬁﬁ,wvahf@& phéise npPes wiatgonponents is
smal |, and al'so the nunber of elenments interposed in series in a route

froma. pOV‘ﬁﬂo&k‘P&’iifoﬁoc?clé@&%éﬁtéﬁﬁé}stem of VRS Ecdfskrideiishances of the
secondary w ndi ngs of he three-phase transfornmer or transfornmers are
used, al sqdderibe@Capbvss HNnd&afdPéfofRNcHRtLH] 6£0the three-
phase/single phase pulse width modulation cycloconverters
of_the three units each composed'of a plurality of groups
is performed, lnput and output voltages and currents of
waveforms of low dlstortlon are obtained, and since
direct conversion from AC to AC is performed, also supply
~and regeneration of power can be performed freely.
Further; since no DC circuit is.involved, fhe number of
components is small, and also the number of elements
interposed in series in a route from a power supply to a
load is small
Where leak inductances of the secondary windings-of
the three-phase transformer orxr transformers_are'used,'
also the three-phase AC reactors can be omitted.
Further; siﬂce each of the units is formed from'a'
plurallty of three- phase/srngle—phase pulse width
_ modulatlon cycloconverters, even upon fallure, operatlon
can be contlnued u51ng the three-phase/single-phase pglse'
width modulation cycloconverters of the remaining groops

which are normal.



Further, since each of the units is forned froma plurality of

t hr ee- phase/ si ngl e- phase pul se wi dth nodul ati on cycl oconverters, even upon
failure, operation can be continued using the three-phase/single-phase
pul se wdth nDduIatlon cycl oconverters of the renalnlng groups which are

nor mal . . 15
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DESCRIPTICN CF THE DRAMVNGS . Fig. 1 is acircuit diagramof a driving
circuit ~which enploys a power converting apparatus of a nmultiple
t hr ee- phase pul se wi dth nodul ation (hereinafter referred to sinply as PW)

cycl oconverter system oBRAEF DESCREFFIONNOEt THE DRAWINESENt

i nvention;

Fig. 2 is a circuit diagramshowi ng an exanple of a detailed construction
of a bidirectiopal.sanieoadedirenits diteframhoMn a ArivdnglcircuitFig. 3 is a
circuit diagram show ng another -exanple of a detailed construction of the
bi di rect i onghiches&npdogsChopowdirt 6bngBetingnappgratus of aFmgltdpile a
circuit diagramshowi ng a further exanple of a detailed construction of

t he bi di r ecthpeelphaeai pabseciwoathvinbalilabovn i(helednatter refBirgedd is a
circuit diagramof a driving circuit which enploys a power converting
‘appar at us otoasﬂﬁblyphe PwnqeeypmaeenpakserwsﬁbhemndulatEQmseycloconverter

system
embodlment of the present invention;

Fig. 2 is a c1rcu1t diagram showing an example of a

detailed construction of a bidirectional semiconductor

swifch_shown in Fig. 1;

Fig. 3 is a circuit diagram showing another example

of a detailed construction of the bidirectional

semiconductor switch shown in Fig. 1;

Fig. 4 is a circuit diagram showing a further example

of a detailed construction of the bidirectional

‘semiconductor switch shown in Fig. 1;

Fig. 5 is a circuit diagram of a driving circuit

which employs ‘a power converting apparatus of a multiple

three-phase pulse width modulation cycloconverter system

of a second embodiment of the present invention;

Fig. 6 is a circuit diagram of a driving,circuit

which employs a high voltage invertor of a convehtidnal

example;

"Fig. 7 is a concept diégram illustrating four

- quadrature operation based on a relationship between the

torque and the speed of a motor; and

16



of. a second enbodi ment of the present i nventi on; Fig. 6 is acircuit
dlagran1of a driving circuit which enploys a hlgh vol tage invertor of a

conventional exanpl e; Fig. 7 is a concept diagramillustrating four
quadr at ure operation based on a relatlonshlp between the torque and the
speed of a notor; and 16 Fi g.

8 is a circuit dlagran1of a dr|V|ng circuit which enploys a | ow voltage

i nvertor of a cpnyengi e8ak cexaiRtediagram of a BESTiMGDEiERi€ARRYI NG OUT
THE | NVENTI ON In the follow ng, enbodi ments of the present invention

are deSCflbﬁﬂl@htQmpfazéeaCfoﬁovbhﬁaééamhﬂgitoerﬂ alcbfivan€ibarilt di agram
of a driving circuit ich enploys a power converting apparatus of a

'_nultlple t hag@mpiehase pul se-width nodulation (hereinafter referred to
simply as PW) cycloconverter systemof a first enbodiment of the present
invention. . In Fig. 1, reference nunerals 1 to 9 denote each a three-
phase/single-phase PWM cycl oconverter, 10 denotes a high voltage AC notor

which is an object afpglf inODH FORL dZARESOTING @@t erid i eirxon! semi conduct or
swiitches, 17 to 19 filter capacitors, 21 to 29 three-phase AC reactors, 30
In the following, embodiments of the present
invenﬁion are described with reference to the drawings.
Fig. 1 is a circuit diagram of a driving circuit which
emp;oys a power converting apparatﬁs of a multiple three-
~ phase pulse width modﬁlation (hereinafter referred to
simply as PWM) cycloconverter 5y$£eﬁ of a first
embodiment of the preéent invention. In Fig. 1,
reference numerals 1 to 9 denote each a three-
phasé/single;phase PWM cycloconverfer, 10 denotes a high _
voltage AC motor which is an ijéct.of driving, 11 to 16
denote bidirectional semiconductor switches, 17 to 19
filter capacitors, 21 to 29 three;ppage AC reactors,'30
deno£es a thrée-phase.transformer;_Bl to 39 denote
secondary windings of the three-phase transformer 30, and
- 40 denotes primary wihdiﬁgs of.the three-phase
transformer 30. | |
Since the three-phase/Singie¥phase PwWM
 éycloconverters 1 ﬁo 9 have a same structure, deséription
is given of the threefphase/single—phase PWM
cyclbconverter 1. The three-phase/single—phase PWM_

cycloconverter 1 includes six bidirectional semiconductor



-denotes a three-phase %ransforner; 31 to 39 denote secondary w ndings of

t he three-phase transformer 30, and 40 denotes primary w ndings of the
three-phase transformer 30. Si nce the three-phase/singl e-phase PWI
cycloconverters 1 to 9 have a sanme structure, description is. given of the
t hr ee- phase/ si ngl e- phase PWM cycl oconverter 1. The.

t hr ee- phase/ si ngl e- phase PWM . cycl oconverter 1 includes six b|d|rect|onal
sem conduct&gitches 11 to 16, three filter capdcitors 17 tewlf¢hes 11 to
16, three filter capacitors 17 to 19, three-phase ACtermnals r, s and t

" and singl e- phaee-phaséeAQi tekminadsdry. s dhd si andi dingterphake AC -
sem conductor sw tches 11 to 16 through which current can be flowed in

the opposi t geghifalsoasanddywhiTie ad 10w idifestidrdl ngernicomdac et f
switching off are connected in a three-phase bridge circuit to the

t hr ee- phaseg#réRresi Dal gor 16 SthAGuh *hflchheugragkeephabe ACotwedniinal s u
~and v, and the filter capacitors 17 to 19 are connected in delta

connecti on tRe 6ﬁ?o§ht€edﬂbaﬁﬁiéﬁstan&iwhh&hralsoahdenf switch@egepal | y,
whi | e t hree-phase/ si ngl e-phase PWM cycl oconverters are used as a

conblnatlonaﬁa SeXfNswilebhifiycbogoayer tenhaecked. it ahohxearpbrarpl e wherein
n 3 and 9 such cycloconverters are involved. In the present exanple,

the three- Ph2s@géCclietilinats thesthpdet-phhisehac megminals r, s and t
_three-phase/ si ngl e-phase PWM cycl oconverters 1 to 9

and the single-phase AC terminals u and v, and the filter
capacitors 17 to 19 are connected in'delta connection to
the three-phase AC termlnals r, s and t.

‘Generally, while three-phase/single- phase PWM
cycloconverters are used as a combination of 3 x n such
cycloconverters,'Fig. 1 shows an example wherein n = 3
and 9 such cycloconverters are involved. In the present
'erample, the three4phaSe'AC terminals r, s and t of the
nine three—phase/single-phase PWM cycloconverters 1 to 9
are cennecfed.to the nine-sets of secondary windings 31
to 39 of.the'three—phase transformer 30 through the nine
three-phase AC reactors 21 to 29, respectlvely, and the
three—phase transformer 30 has the single set of primary
windings 40 and the nine sets of secondary windings 31 to
39. The'ﬁrimary.windings 40 are connected to an AC power

) Supply. It is.ofherwise possible to use leak inductanqes
of the secendary windings 31 to 39 of the.three-phase
transformer 30 in place of the three—phase AC reactors 21

“to 29.
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are connected to the nine sets of secondary. windings 31 to 39 of the
t hr ee- phase transfornmer 30 through the nine three-phase AC reactors 21 to

29, respec

tively, and the three-phase transforner 30 has the single

primary w ndings 40 and the nine sets of secondary w ndings 31 to

primary w
possible t
t hr ee- phas
. 29.

exanple) t

ndi ngs 40 are connected to an AC power supply. It is othe
0 use |l eak inductances of the secondary w ndings 31 to.39

e tr@ﬂéf@h%&&e3gpbarakﬁ§e%gfcbﬁﬁoEEHGSfpEﬁ%ﬁeAGhﬁégcéQ&ﬁ

set of

39. The
rw se

of the
21 to

: _ ne entire apparatus
i's conposedegimblr e8okNht FtRAEE i£0£ﬁgﬁfééeehe é&&ﬁgfe)ntﬁbeepresent

hree- phase/singl e-phase PWM cycl oconverters (in the pres

ent

exanpl e, 1 pRade/4ih816-pREsd bRMIycPBEchPErebPs! p1RNERE pAEségEmi nals u
and v in each of the units are.connected in series and those ones o

termnals UsBfpYedt 1188 30PPOshtE §REST Okt BF, SEhHCENE0HIRG1E OPRadEe

connect ed

in star connection between the three units while the othe

f the

r

three terni gal gefhena@8NECLRE +0ihNE8ENI HPUERL CEALLS! 8r8f cohBéchégqh Vol tage
AC notor 10 which is an object of driving. By the conbination

.descri bed

abRVEerfeBOURE tROSYCEhLEToRPPRE AL ESmOhalleu WhEi ¢! £t PVAL

cycloconverter system of three-phase inputs and three-phase outputs

- opposite ends of the series connections are connected in

star connection between the three units while the other

 three terminals are connected to three input terminals of

the high voltage AC motor 10 which is an object of
driving.

By the.cémbination described above, a powér
coﬁverting apparatus of the multiple PWM cycloconverter
system.of three-phaée inputs and three-phase outputs is
formed. | |

Basic wave voltages of AC ¢ﬁt§uts outputted to the

single-phase AC terminals u énd v of the n three-phase

'~ PWM cycloconverters (in the present example, 1 to 3, 4 to

6 and 7 to 9) of each.unit are-éontrolled so that they
may havé.a same phase, and the three units are controlled
SO that they may generate AC outputs.of which the_.
electrical angles of basic wave voltage phases are
different by 120.degrees in phase from each other.

Since each of the threé—phase/singie-phasé PWM
_cycloconvertersll to (3 X ni.(in_the present example, 1

to 9) serves as a single-phase load, in order to

19
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f or med. Basi ¢ wave vol tages of  AC out puts outputted to the _
si ngl e-phase AC termnals u and v of the n three-phase PWMJ cyel oconverters
(inthe present exanple, 1 to 3, 4to 6 and 7 to 9) of each unit are '
controlled so that they nmy have a same phase, and the three units are
controlled sothat they may generate AC outputs of which the electrical
angl es of basic wave voltage phases are different: by 120 degrees in phase

from each og§eab1ish 1§hacsa@aﬁeeoanthﬁetbbﬁerpbaﬁpd§ieghe4ahase PV
cycl oconverters 1 to (3 x n) (in the present exanple;, 1 to 9) serves as a

si ngl e- phasgahead, 1b§ 8rder h8rmonic currents among the seconda®y
establish | oad bal ance on the power supply side an cancel :l ow order

harnoni ¢ cugfgAtAgdnBRIthBetheeabgah¥e WradsResmalk BDe theegsepbaatry
‘transfornmer 30, the secondary - w ndings of the three-phase transfornmer 30

are divi dedyi h@ifig8 BFOHRS eAeBelLpRhYdi BFahbesemel Bbeakkr aiviaeat N
t hr ee- phase/ si ngl e- phase PWM cycl oconverters: of the three wunits which have

sane order nﬂﬁbeﬁsgfbapgheaahesseludsxgnahssetHEeeharQmpgtotolntﬂ and 7, 2,
5 and 8, and 3, 6 "and 9), and the windings are fornmed in sanme conditions

so that in@HEQQ—ﬁHhEégsinEmeQ?ﬁEsGrPWE By 1bavRvartegyabs phasenrbut the
phase of each group may exhibit a phase difference of 60[err]lk (1 [err] k

_58r2¥ ?hengﬁggg%yWﬂichnhave|Qaﬁ@eoraéﬁnﬁhﬁbeEstﬂn thel peeBERERIY wﬂhdings_
example, three groups of 1, 4 and 7, 2, 5 and 8, and 3, 6
and 9), and the windings are formed in same conditions so
that induced vdltages in_each group may have an equal
phase, but the phase of each group may exhibit a phase
difference of'60“+k.(1 =k <n, nofmally k = n). In the
example of Fig. 1, the.primary windings 40 of the three-
phase'transformer 30_are éonnected in delta connection
while the secondary windings 31, 34 and 37 of the first
group are cénnected'in zigiag cOnnection so as to provide
a delay of an électric angle of 50 degrees from the
primary windings 40; the second group 32, 35 and 38 is
connected in star conﬁection 5o as to provide a delay of
another electric angle of 30 degrees from fhe primafy

-windings 40; and.the'third group 33; 36 and 39 is
connected in zigzag connectioﬁ so as to provide a_delaj
of a further electric angle of 10 degrees from the

-_primary windings 40. Consequently, if the three-
phase/Single—phase PWM cyClocohyerters arelcontrolled'

symmetrically, then a voltage or current of power supply
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phase transfornmer 30 are connected in delta connection while the secondary
w.ndi ngs 31,- 34 and 37 of the first group -are connected in zigzag
connection so as to provide a delay of an electric angle of 50 degrees
fromthe primary w ndings 40; the second group 32, 35 and 38 is connected
i.n star connection so as to.provide a delay of- another electric angle of
30 degrees fromthe prinmary windings 40; and the third group 33, 36 and 39
s connect flrdn 242 8GwELNERE! 98nd0028ekOnBLABhIEsAodeL A Eg&eé further
€9

el ectric angle rees fromt primary w ndi ngs 40 nsequently,

1 ihe thr ouppppaselshanle- PRAREE y&%g¥s£§aogxep&§5él 1g.control led

synnetrlcal en a“vo e or nt of power supply

20 hawnﬁméc%haogﬁésghaef%agene@d%@t@@%ﬁp&m%ss@tha% ower suppl y
frequency is not generated 1 n principle | e the phase difference
bet ween thew§§&9£§§r¥f %h@dtﬂﬂée9§haéé EPEE@fBEﬁ@% Bbaﬁéfﬁbﬁ?B 2020
60[err]/3 = 20[erf]- since n = he exanple of Fig. 1, if = 5, then

60/5 = 12[e£1$ceaﬁd—a3Vtheﬂé Qﬁaﬁgiéeak £5 powerl§uapkys hehaanlcs | ower
t han 34t h order harnonics of supply frequency is not generated.

1,0 AT s rgsirigameasyeols kBB Boeene
resides in fh8hoRics lower than 34th order harmonics of the power
| supply frequency is not generated.
In the following, a countermeasure for imprévement in.
redundancy is described. The characteristic of a -
muitiple power converting apparatus resides_in that a
 plurality of power converters hﬁving a same function like’
the three-phase/single—phase PWM cyéloconverters 1 to 9
of Fig. 1 are used, and even if some of the power
converters are disconnected because of faiiure} operation
can be continued. | |
If it is assumed that the three-phase/single-phase
PWM cycloconverter 4 of Fig. 1 fails, then the single-

- phase AC terminals u and v of it aré'shortfcircuited_
using a wire or a bus bar'whilé bﬁtput voltages are-
genetated by the.three;phase/single—phase PWM
cyclbconvérters 5 and 6 which are normal. Also for the
other units, in order to allow baianced operation,_thrée-
sets of switches eaéh_conéisting of two bidirectional

semiconductor switches'll and 14,'12 and 15, and 13 and

16 conﬁected to the three—phase,AC terminals r, s and t

21



plurality of power converters having a sanme function |like the

~ three-phase/singl e-phase PWM cycl oconverters 1 to 9 of Fig. 1 are used,

- and even if sonme of the power converters are disconnected because of
failure, operation can be continued. . If it i.s assunmed that the

t hr ee- phase/ si ngl.e- phase PWM cycl oconverter 4 of Fig. 1 fails, then the
single- phase ACtermnals u and v of it are short-circuited using a wire

or a bus b ' r negat ' .- _
t hr ee- phas g%%% &%ﬁt&bﬁ%}%%ﬁ%%%%%e?@ﬁ;gﬁgé‘%&az?gﬁegr é ﬁgr mal . -
Al'so Tor thee ol iRt rard! L& régda%#gwebﬁhgngsdaepeaaﬁéoghokhtee

sets of smﬁtéﬁes eac% consisting o I rectTonal sem conduct or

switehes Ll and, ddeq 120806k dfve B tbrid BYdond 6s60N8ECLGH3] Octhi thr ee- phase

AC terminals r, s an of the

 thr ee- phase/ bl gl e85 S R SYEROC OPYPELGEs Ll gbllExaBER BYOURe' ©

rendered conduciing so as to rcul ted”successi vefy one by one

~set at ' ' t ot ted by th

P hr o phaed e dTenadb P o SPha o W £YC1U06hPLERLPE 22 050G 3L ed, Y Lhe
ts of \ k VIV« v rs - \ - :

v tohes odrieTaiYy FRES Nt 8 siPuofed LECh O6RL1SEThGORECEME

three- ph%%%f%égﬁfsﬁ%?%%#ﬁ%%ﬁaﬁéfgf”¥£i£8ﬁ?% g%nﬂéétéa”€09£ﬂap of the

remai'ning .unit are rendered conducting so as
- three-phase AC terminals r, s and t of the three~

phase/single-phase PWM cycloconverter 7 of the same group
of the remaining unit are rendered cenductihg so as to be
short-circuited sﬁccessively one by one set'at:eqﬁal ﬁime
intervals so that output volteges are generated by the
three—phase/single-phase PWM cycloconverters 8 and 9.

By the cpunterﬁeesure described above, balanced
output voltagee of threeléhases can be generated.
However, ﬁhe maximum output.foltage is reduced to 2/3
that of a normai operation. Further, in place of
rendering the three sets of sWitches eaeh.having two
bidirectional semiconductor switches connected to the
three—phase'AC terminais_r; s.and t conducting so es to
be short-circuited sueeeSSively one by one set at equal

- time intervele, it is possible to.detect the.directien of:
current between the singie—phase-AC terminalS'u and v of
the three-phase/single-phase PWM cyclecqnverters 1 and 7-
and succeésively.fehder;.eaeh time the eurfent'direction

reverses, the three sets of the bidirectional -
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short-circuited successively one by one set at equal tine intervals so

t hat output voltages are generated by the three-phase/single-phase PW
cycl oconverters 8 and 9. -~ By the counterneasure described above,

bal anced out put vol tages of three phases can be generated. However, the
maxi mum out put vol tage is reduced to 2/3 that of ‘a nornal oper ati on.
Further, in.place of rendering the three sets of swi tches each. having two

bldlrectlon@émﬁeahaeegafte&lé&héshSénSQEEE %egotgstbs bé higsephase AC
termnals r, s and t conducting so as to short-circuited successively

one by one &gfcatt8dUshe biMBnkNsEEVebSpettolf BEskbisnt0 detect the
direction of current between the single-phase ACtermnals u and v of the

three- phase/s'nﬁ&asphés%0P¥Wkséchﬁeeayeraﬁagr&menQh$w1agddéessﬁéalvely
render, each tine“the current direction reverses hree sets of the

bidirecti on@bnstruction examp %f the b;dlrégtlonal sem1§@ﬂ&&@€gf0tor
swi t ches conducting so as Tor ort- <circuited one by one set to perform

0per ati on. eujechbfSi12¢b01d %ﬁ&wﬁ'iﬁ%i di 297 afEr Sha e Seiald eb

_constructlon exanples o direction T sem con uctor smntches 11 to 16

oo Loriln s TELETSAEN, ianELaty f1. 100 S891 SRS SRERRLSL B2, %5,
- a d'Ode-_ each an IGBT, and 53, 54, 57, 58 and 60 to 63 denote each
a diode. ) |

.In Fig. 2, a function as a bidirectional
semiconductor switch is constructed as a single
bidirectional semicbﬁductor switch cbﬁposed of two
semiconductor switches connected in series in the |
:opposite polarities and each formed from a semiconductor
element (in Fig. 2, an IGBT)_havihg a self interrupting
capability such as a transistor, an.IGBT-or ah FET and a
diode éohnected to the semiconduCtor.element such that"
_the_cohducting difection thefeof may be reverse to that
of the semiconductor element. When éurrent flows from A
to B, if passeshthrough'the iGBT 51 and the diode 54, but
when current flows from B to A, it éasses through the
(IGBT 52 and the diode 53. | |

_in Fig. 3, a function:of a bidirectional
semicondUCtor switch ié cbnstructed as a single
bidirectional semiconductor éwitch_composed-of two
semiédnductbr swiﬁches_connécted in parallel-in the

‘opposite polarities and each formed from a semiconductor

23



In Fig. 2, a function as a bidirectional sem conductor switch is
constructed as a single bidirectional sem conductor swtch conposed of two
‘'sem conduct or switches connected in series in the opposite polarities and
each fornmed froma sem conductor element (in Fig. 2, an I GBT) having a
self interrupting capability such as a transistor, an I GBT or an FET and a
di ode connected to the sem conductor el enment such that t he conducti ng.

direction tagsgaht znbﬁlgevstsntQshbzthaeinghs 367E CondbeLgpeshgent

When current flows fromA B, it paSses thiough the 1&T 51 an
di ode 54, byp aB@iEt&UEGEHta§|Qmﬁréﬁgﬂbgoio én téB@aéﬁeént?E@UEHdtHe 'GBT
52 and the dlode 53. In Fig. 3, a funttion of a bidirectional

- seni conduct @5 o8¥l £E6Ank&tEANSHT ¥6L 8ds 280t RbNELRI cBhdhé€6E] 88hent
sem conductor switch conposed of .two sem conductor swtches connected in

parallel | NghER tﬁaﬁoﬁhéecBﬁHﬁétihQSdﬁﬂgcéﬁéﬂ tRepBIs f QY BeSEAREOAFUCT OF
elenment (in Fig. 3, an I GBT) having a self Tnterrupting

 capamI|ty gHED 8% ahéraéﬁhéaﬁ&uc€6r|Sﬁ@m@ﬁtanﬂﬁ%&fﬂukfénﬂ“fIBW§0nneCted
in series to the sem conductor- el ement such that the ‘conducting direction

]Elhereof My £PEmSAMBOAS, Eﬂa{aa%ekh@hx’?@ﬂ!ﬁﬁoﬂﬂéci@meb?”&ﬂ& thdhgfogar r ent
flows fromAto B, it passes .through | GBBT 55 and the diode 57, but
when currenssil g khem BukPeft ELoR8SEESm!BIOY9R, it passes through
| the IGBT 56 and the diode 58. |
In.Fig. 4, a function of a bidirectional
semicoﬁductér switch is constructed as a sihgle
bidirectional semicondu&tor switch formed from four
diodes connected in singlefphése'bridge connection and a
semiconductor element (in Fig; 4, an IGBT) having a self
interrupting capability such as a transistor, ah IGBT or
an FET and connected tb two DC terminals such that_the
condubting direction théréof may be séﬁe éé that of the
diddes while twd“AC terminals of thg.s;nglefphaée'bridge
‘are used as input and outpﬂt terminals. When current
flows from A to B;.it péésesltﬁrough the diode 60, the
IGBT 59 and the diode 63,:but when current flows from B
to A, it passes thrbugh'the'diode 62,-the:IGBT 59 énd the
diode 61. B
.Fig. 5 is alcircuit diagram of a driving circuit
which uses a power COnvérting'apparatus of a multiple
three-phase pulse width modulation'(hereinafter referfed

to simply as PWM) cycloqonﬁerter system of a second
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the | GBT 56 .and the di ode 58. In Fig. 4, a function of a bidirectional
sem conductor switch is constructed as a S|ngle bi di recti onal

sem conduct or switch formed from four diodes connected in si ngl e- phase

bri dge connecti on and a semconductor elenent (in Fig. 4, an | GBT) having
a self .interrupting capability such as a transistor, -an IGBT or an FET.
and connected to two DC terminals such that the conducting direction

thereof MayeRBoddMBneSoEeheOprbbentdindeatiBhl e inor AL tey mnals of the
si ngl e-phase bridge are used as input and out put termnal's. \Wen current

flows fromfetérEnctt nhnss8sst HiovghshhaedbedetiPeet PRastEBingPeand the
dlode 63, but when current flows fromB to A it passes through the diode

the | GBJh&8e apmt 89c18E8ffebiers, 60Fi8notebSaantghCybltdgaghem of a
dr|V|ng circuit which uses a power. converting apparatus of a nultiple

three- phasemaeééewniéhhlgvaﬂlabheat(Beratmeﬁher 6ef ebr 66 déﬁo%é"p|y as PWY
cycl oconverter systemof a second

enbodi-ment BidiPQCQESﬁSﬂtséﬁY@BBHQEtoknsﬁhﬁchés, s¢fe6e99efmmaegals 51 to
59 denote three-phase/single- phase PW cycl oconverters, 60 denotes a

-B!gh vol t aggapbcitBEe, Wi €8 7§ aﬂreéLgﬁasefAérhéaaﬂorél be, 6§zdaﬂate

“bidirectional sem conduct or switches, 67 to 69 filter
93 three-phase transformers, 81 to 89 secondary windings
.of the three-phase tfansformers'91, 92 and 93, and 94, 95
and 96 primary windings of the three-phase transformers
91, 92 and 93.

Since the three-phase/single-phase PWM
cycloconvertérs 51't0.59.have a same structure,
ldescription is given of the three-phase/single-phase PWM
cycloconverter 51.. The three-phase/single-phase PWM
Cycloconverter.Sl_includes six bidirectional
semiconductor switches 61 to 66, fhree filter capaCitors
67 to'69, three—phaéé AC terminals r, s and t, and.

_ single-phase AC terminals u and v. The six bidirectional
semiconductor switches 61 to 66 through which currént can
-be flowed in the oppoéite airections and which allow self
sﬁitching on and séif switching off are conneqted in a
three—phase bridge circuit to the fhree~phase AC
terminals r, s and t and the single-phase AC terminals u
'and v, and the filtér capacitors 67 to 69 are connected:
in delta éonnection to the'three-phase AC terminalé r, s

and t.



~capacitors, 71 to 79 three-phase AC reactors, 91, 92 and 93 three-phase
transforners, 81 to 89 secondary wi ndi ngs of the three-phase transforners
91, 92 and 93, and 94, 95 and 96 primary wi ndings of the three-phase
transforners 91, 92 and 93. ~~  Since the three- phase/ si ngl e- phase PW/
cycl oconverters 51 to 59 have a sane structure, description is given of

t he t hree-phase/singl e-phase PWM cycl oconverter 51. The

-three-phase/si ngéﬁei@aﬂg Pwmléyeheéengsaagar/slﬁalbngha@laspﬁMx bi di r ect i onal
'sem conductor switches 6l to 66, three filter capacitors 67 to 69,

phree phasecP&l &6 EPLErS  afe Mifed adNd c8MBThE&LRBASEEAS kehﬁkﬁéhs u and
V. The six bidirectional sem conductor switches 61 to 66 through which

current. canc @fbééﬁ%@ﬂtéfsthﬁl&Pp95éﬁ§w§'£§Cék9ﬁﬁlénﬂh$9éﬁh al Low sel f
swi t chi ng on and self swtching off are connected in a three-phase bridge

circuit to $he §hé@@hp%féfbéghvéffgigaéfe 1n§o§9gdts§ﬂﬂl£P§yshggkﬁ phase AC -
termnals u and v, an he filter capacitors 67 to 69 are connected in :

(delta connetgom {0 fN R HRRIAS SIS TR Sclired pHHYL tac

25 General ly, while three- phase/5|ngle phase PWM
cycl.oconvert&ssi 44 s Uf ¢ds agn@ €0HPI ﬂﬁé' Hﬂn@f tﬁréenpﬁasa/ssﬁghecgﬁagét ers,
Fig. 5 shows an exanple wherein n = and 9 such cycl oconvérters are

invol ved sipyhatyy18SohPerters 51 to_59 are connected to the nine
| | sets of secondary windings 81 to 89 of the m (1 é. m = n)
three-phase tranéfqrmers each having one set of primary
windings and 3 x j.(j ='n/ﬁ) sets- of secondary'windings
(since n ¥.3 in the present example, m = 3 and j.='1),
thai is, the threé—phase transformer 91 having one set of
primary windings 94 and three sets of secondary windings
81,_84'and 87, the three—phase transformer 92 having one
set of primary.windings-95'and three seté of secondary
windings 82, 85 and 88, and the three-phase transformer
93 having one set of.pfimary windings 96 and three sets
of secondary windings 83, 86 and 89-thr§ugh the nine
fhree—phasefAC reactbfs_?l.to 79, respectively. The
p;imary.windipgs_94 td 96 are conhected to an AC power
supply. It is otherwise_poséible to uée, in place of the
three-phase AC reactors:7l to 79, léak inductances of the
_secondaryIWindings 81 to 89 of the three three-phase
transformers 91 to 93.
The AC terminals u and v of the three three-

phase/single-phase PWM cycloconverters 51 to 53 are



Fig. 1. 1In the present exanple, the three-phase AC termmnnals r, s and t
~of the nine three-phase/single-phase - PWM cycl oconverters 51 to 59 are
connected to the nine sets of secondary windings 81 to 89 of the m(1
[err] m[err] n) three-phase transformers each having one set of primary
windings and 3 x j (] = n/n) sets of secondary windings (sincen =3 in -
t he present exanple, m= 3 and j = 1), that is, the three-phase

transf or nerc§dnba¥ea9; ANge 8bs Ok o Eékﬁaéﬁe“hHQtngﬁlgé gRd hPree sets of
secondary wi ndings 81, 84 and 87, the three-phase transformer 92 having

one set oforhiRAYsWiNghass 96 eRd three §§h§1etpﬁssen6ﬁmy wi ndi ngs 82,
85 and 88, and the three-phase transforner havi ng one set of primary

‘W ndings 96-gatloébhoereals soft8e56ndaay sy edi BgSada, c8findbéeddihhrough the
nine three-phase AC reactors 71 to 79, respectively. The primry

wi ndings 9454 p; 86 ééeféfﬂnﬁﬁéegniﬁsaQIﬁ@iQQWﬁr aflPBh¥- of! thkSenkier v se
possible to use, in place of the . three-phase AC reactors 71 to 79, |eak

"nductancesofftﬁaeth§55039§£¥ &kadeaﬂﬁeééeaolﬁ9seartBenhe&egohhwﬁsiahase

transforners 91 to Ctermnals u and v of the three three-
phase/s'ngl@ﬁ@h@ﬁﬁefwé$&¥caféO@¥ﬁﬁé€£éd5éot9hé3h§§ volta e AC motor
connected 1n series to formone unit "while e AC termnals u

_and v of theotPheenskegbesPhass TYkh.

By the comblnatlon described above, a power
converting apparatus of a multiple PWM cycloconverter
system of three-phase inputs and three-phase outputs is
constructed.

Basic wave voltages of AC outputs outputtedlto the
single-phase AC terminals.u and v of the three three-
phase/single—phase-PWM cycloconverters (in the'p;esent

| example?.Sl to 53; 54 to 56 and 57 to 59) of each unit
are controlled so'tﬁat they may have a same phase, and
the three units are controlled so that they’ may generate .
AC outputs ef which eleetrical angles of the basic wave
voltage phases are different by 120 degrees in phaee from
-each other. |

Since each of the three—phase/single—phaée-PWM
cycloconverters 51 to {50 + (3 x n)} (in the present
example, 51 to 59) serves as a 51ngle-phase load, in
order to establish load balance on the power supply side

and cancel low order harmonic current between the

secondary windings of the three threefphase'traﬁsformers



'cycloconverters 54 to 56 and 57 to 59 are connected in .series to formtwo
units simlarly, and one of the ends - of the three units are connected in

star connection while
notor 60 which serves as a | oad.

a power

construct ed.

the other ends are connected to the high voltage AC
_ _ By the conbination described above,
converting apparatus of a multiple PW cycl oconverter
t hr ee- phase i nputs and three-phase outputs is

syst em of

Basi ¢ wave

vol t ages of gACtgubpyt %h@uhlﬁ'ﬁhti%%st oft Rie ThRdleCphaaee tAEnkebFmaRES 94 and v

of the three three-

phase/ si ngle-phase PWM cycl oconverters (in t

he present

exanpl e, 51tb0933, thatt @96 thed seéondazy) wihdaaeR 81i,t s4aaadcent o | ed so
that they may have a sane phase, and the three units are controlled so

that they nipegengealphabe @WaPeirdrileriilclopneetedcdo anel ag of the basic
wave vol t-age phases are different by 120 degrees in phase from each’

_ - tSrR§Ralech,0k Eha khogethasanyledpharapeMPVW cycl oconverters
51 to (50 + (3 x n)} (in the present exanple, 51 to 59) serves as a

si ngl e- phasgytoagonverterdenit,0 saskall isyh Jfoatiehaliaree uan tt,henpovwer supply

ot her.

side and cancel |ow order harnmonic current between the

~of the thregetBnaarRN#i8ding@siQr,MgsS and 88 of the three-phase
the w ndi ngs of the three-phase transforners 91

‘transformer 92 connected to the AC terminals r, s and t

.91 to 93,

secondary wi ndi ngs

27

of the single-phase PWM cycloconverters 52, 55 and 58 of

the second unit and the secondary windings 83, 86 and 89

of the three-phase transformer 93 connected to the AC

terminals r, s and t of the single-phase

PWM

cycloconverters 53, 56 and 59 of the third unit, are

wound in same conditions so that induced

voltages may

~ have equal phases. In the example of Fig. 5, the

secondary'windings.81 to'89'of the three
'transfbrmérs 91, 92-énd 93 afe cohnected
conneétion while the primary windings 94
. phase transformer 91 are wound in zigzag

that they présent a'delay_of an electric

three-phase
in delta

of the three-
connection so

angle of 50

degrees with respect to the'sécbndary windings 81, 84 and

'87. The primary windings 95 of the three-phase

transformer 92 are wound in star connection so that they

present a delay of an-eiectric angle of 30 degrees with

respect to the secondary Windings 82, 85

and 88. The

"primary windings 96 of the three-phase transformer 93 are

wound. in zigzag connection so that they present'a'delay _

28



R 3
to 93, that is, the secondary mnndlngs 81, 84 and 87 of the t hr ee- phase
transformer 91 connected to the AC terminals r, s and t of the
S|ngle phase PWM cycl oconverters 51, 54 and 57 of the first unit, the
secondary wi ndi ngs 82, 85 and 88 of the three-phase transforner 92
connected to the AC termnal s r,.s and t of the single-phase PWM.
cycl oconverters 52, 55 and 58 of the second unit -and the secondary

wi ndings 83, f8§na@(ie%§nef Ahlj2et BregoPhasscbbagate FRLpd3tceBneREed to the

AC termnals r, s an si ngl e- phase PWM cycl oconverters 53, 56
and 59 of thgcbRiks QgUthdlﬁ g ggoug@ lhbAgS@adE conditions so that induced
q

vol tages. my have ual phases. 'In the exanple of Fig. 5, the secondary

windings 81 to @rledddciy,eq f RiRe tIRIL pHARSHiNGTR prake Pqand 93 are

connected in delta connection while the prlnary w ndi ngs 94 of the three-

phase transEge&%eo%%eQE@rwoa&a an%kBiiQdCQQQﬁ%trQEaiq ,LRaknt Bey present a
delay of an électric angle of 50 degrees with respect to the secondary

- Wi ndi ngs 81y 034 agRd orSZur;QﬁthE”BBWeW'@@b@g§ 95rﬁBn&E§ i Bvae- Rhane
“transfornmer 92 are wound In star connection 50 that they present a del ay

of an el ect Qbﬁdaa%%rohamoﬂ@%ee% thhpoeveep%ﬁ?ﬁw ehegBeaeydasy neicndi ngs
82, 85 and 88. The primary w ndings 96 of the ree- phase transforner 93

are wound b@nékﬁl%ﬂ GANpeshicep18Q that they present a del ay
28

A countermeasure for . 1mprovement in redundancy and
the construction of the bidirectional semiconductor
switches are same as those of the first embodiment, and
accerdingly, description.of_them is omitted here.

While the embodiments described above are deecribed
in connection with an example of a high voltage AC'motor;
the application of the power.converting apparatus and the
‘power converting method of.the'multiple three-phase PWM

| cycloconverter'system of-the'present.invention is not
limited to a high voltage AC motor} but they can be
'applied to all AC ﬁotors. |

As described above,'where.a multiple three-phase PWM
cycloconverter of'tﬁe present invention_is used, sinee a
'DC circuit such as an invertor system is not required,
miniaturization is easy, and since-the number of elements
interposed in series rn a route from a power supply to a

-load is small, the element lossxis:low and the efficieney_
is high.-'Further, since waveforn eqntrol'of the

individual three—phase/single-phase PWM cycloconverters:
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of - an el ectric angle of 10 degrees wi t h respect to the secondary w ndi ngs

83, 86 and 89. Consequently, i'f the three-phase/singl e-phase PWV

cycl oconverters are controlled symetrically, then a voltage or current of
power supply harmonics |ower than 22nd order harnonics of the power supply
f.requency is not ‘generated.in principle. A count ermeasure for

i nprovenent in redundancy and the construction of the bidirectional

sem conductis pemfdahes By eclsanmeans t doser Dhed hebdve stinpbodangnt, and
accordingly, description of themis omtted here. Wil e the-

enbodi ment sowlgset i welk @@ey card eclesentHedf wavedsmestodnlewt h an exanpl e of
a high voltage AC notor, the application of the power converting apparatus

and the pommwﬂmmﬂtam olptdDtedf ahe swpplpl &nd hregenboseihWbL
cycl oconverter systemof the present invention i's not limted to a high.

vol tage AC patext ,cdnitbé heyr boimdd £oeply edué otal diAécb0AOr80o AC  As
descri bed above, where a nultiple three-phase PWM cycl oconverter of the

present i nvsstiverrsicn Us @hrthcige everDQpsin @aill wich et iowelrs or system
is not required, mniaturization is easy, and since the nunber of elenments
i nt er posed pobssSii@susing 4 oudemdY opast power supply to a load is small,
the element loss is low and the efficiency is high. Further, since
wavef orm control of the individual three- phase/5|ngle phase PWM
cycl oconverters ' 29
' INDUSTRIAL APPLICABILITY OF THE INVENTION
In this manner, a paower converting apparatus of a -
" multiple three-phase pulse width modulation
.cycloconverter System of the present invention and a
power converting methdd in which the power converting
apparatus is used have an effect that they can solve
technical subjects such as energy conéervation, resource
conservation, miniaturization, efficiency promotion and
voltage and current waveform distortion suppression for
improvement in environment needed by the market and also
raise the redundanCy'and_the reliability in operation is
improved, and consequently, they have the possibility

that they may be utilized widely for control of AC motors

for which variable'speed dfiving is required.

DESCRIPTION OF REFERENCE SYMBOLS
1 to 9, 51 to 59 three-phase/single-phase PWM
cycloconverter

10, 60 high voltage AC motor which is an object of .

0



is perforned by the neans described-above, input and output voltages and
currents of waveforns of low distortion are obtained, and supply and
regeneration of power can be perforned freely due to direct ACto AC-
conversion. Further, even upon failure, operation i's possible using a
normal part. ' | NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON In
this manner, a power converting apparatus of a multiple three-phase pul se
~wi dt h noduldaiivamg cycl oconverter system of the present invention and a
power- converting method in which the power converting apparatus is used
~have an effect. Ihattotirey'&hmmoﬁ&ebmmn@ulﬁ%ﬁ@mﬁmi% ener gy

- conservation, resource conservation, mniaturization, efficiency pronotion
and vol t agaviategh current waveform di-stortion suppression for inprovenment
in-environment needed by the market and also raise the redundancy -and the
reliability in Dpetati®p 63 tongs ovdd teendaparsidquent |y, they have the
"possibility .that they may be utilized widely for control of ‘AC notors for
-whi ch vari abl e 3pees 219 vihgte s79 editivesms-phase AC reactor DESCRI PTI ON OF

- REFERENCE SYMBOLS 1to 9, 51 to 59 three-phase/singl e-phase PW
‘cycloconverter 30, 910to 693 hitdiressiphege AGansfmrngs ch is an obj ect of

0 31 to 39, 8l_to.89 secondary winding of the three-

phase transformer 30 . | .

40, 94 to 96 primary wingipg of the.three-phase
~transformer 30

51, 52, 55, 56, 59 IGBT

53, 54, 57, 58, 60 to 63 diode

101 invertor unit

102 smoothing'caéacitor unit

103 regenerative converter unit

iO4A, 1048 AC reactor |

i05 three-phase tranéformer_

106 invertor unit

107 smoothing capacitor unit

108 regeneraﬁive converter unit

109 'AC reactor

110 step-down trén#formef

111 'step—up transformer

31



dr vi ng 11 to 16, 61 to 66 bidirectional sem conductor switch 17
to 19, 67 to 69 filter capacitor 21 to 29, 71 to 79 three-phase AC
- reactor

secondary winding of the thr
primry mnndlng of the three

30, 91 to 93 three-ﬁhase transformer - 31 to 39, 81 to 89

=, >

1 GBT 53, 54, 57, 58, 6Q to 63 diode 101 invertor unit 102 -
“snoot hi ng capacitor unit - 103 reggyepati ve converter unit 104A,
104B AC reactor . . = 105 three-phase transforner - 106 invertor unit

107 snoot hi ng CQPaQAt§6w§P'éonvertﬂH§ 5ﬁﬁ§f§£@§'8f SQﬂMffiﬁleuﬂhkee-' 109

AC reactor

ep-down transforner .111 step-up transforner
phase pulse width modulation cycloconverter system for

driving a high voltage AC motor at a varlable speed,
characterized in that
said power converting apparatus comprises a single

three-phase-transformef having a single set of primary

‘windings and 3xn sets of sécondary windings, 3xn three-

phase reactors individually connected to said secondary

" windings, and 3xn'three-phase/single—phase pulse width

modulation cycloconverters individually connected to said
three-phase reactors, that
said primary windings of said three-phase

transformer are connected to an external AC power supply

‘while said 3Xn secondary windings are arranged in three

units, each one unit with n sets of secondary windings,

and the electric angles between n set of said each -

secondary windings of said n sets in same unit are
different by (60“+k)(wheré-1 é.k-é n) in phase from
each other.and the séid.secoﬁdary ﬁindings in said three
units which have electric angles of the same phase form n
groups,'said secondary windings, said three-phase
reactors and saidlthree-phase/single-phase pulse width
modulation cycloconverters connoctéd in series; that

each of said three-phase/SLngle-phase pulse width

modulatlon cycloconverters lncludes six pulse width
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Cl.ai ns: 1. A power converting apparatus—ef—a nultiple three- phase

pul se wi-dt h nodul ation cycloco driving a high voltage A
- notor at a variable speed, ch Iﬂmg{wimjmﬂm&t sai d power '

converting apparatus conprises a Slc " ~“phase transfornmer having a
single set -of primary:- w ndings and 3xn sets of secondary w ndings,  3xn’

e Sxn P hASGuLEBELRT BohRdb o Qi by 2aB0REET Lansblageegndary | W nel ngs.

and 3xn three-phase/ si urse wi 'on cycl oconverters

V”diVfdua!LﬁiEQHQQCESg?EY?Sékdf%§Q368'BHEéE £eahl ehe: opPabite - s d

primary w ndings of s hree-phasSe” transtormer are nnected to an

GXterna"A§iﬁgﬁﬁiﬁﬁ§pehgrepﬁ§#§ﬁﬁasﬂa3ém1§sgg§geéxfwgw§£89§n§r&narranged n

three wunits, each one uni n sets o ndary w ndi ng and the

electric agghesehel GPRchiag! off , SBhileBoey BeC0BMBEY kR P00l S2l d 1

sets in same unit are rent * by [err ere 1 [err [err] n) in

- phase from,, é&haetEs£mgﬂgléheoﬁﬂéétésceedé5¥f§%g§%agﬁ?ianééi3fthree units

whi ch have el ectric angles of the sanme phase gfoups, sai'd secondary .

“‘“dings,.ﬁéiﬂbgﬁféé;gﬂééé féSéEBPES and s2h 1&D%ﬁ§s8hﬁéQééfﬂﬂﬁgiQhase

" pul se mﬁdt_ ation cyc oconverfers connécted In series, "‘that
~each of Saégnﬁgéfédpﬁésgﬂé!SGLE?BQ?SSnﬂﬁééﬁd“bgihbiHPﬂéé@iéﬂQl

cycloconverters includes six pulse wdt
semiconductor switches are connected in a three-phase

32
bridge circuit to said ﬁhreé—pﬁase'AC terminals aﬁd said
sing1e¥phase AC terminals while said filter capacitors
are connected in delta or star csnﬁection to said three-
Pba?eﬂAC'terminals, that |

the bidirectional semiconductor switches control so
that vbltages of AC outputs to be outpufted to the
single-phase AC terminalslof said three—phase/single—.
phase.pulse width modulatioh cyclocbnyérters may have a

'~ same phase in eacﬁ ofﬁsaid.uﬁits but electric phase
angles of fuhdamehtal-voltage waveform may be |
different by 120 degrees from each oﬁher among said three
units, and that’ |

 the single-phasé.AC-terminals of the three-
phase/single-phase pulsé.width_moduiation dycloconverters

| in same ones 6f.said uni?é are cqnqected in series and
corresponding ones of the éingle—phase AC terminals at
the QPPOSite ends of.the-series connections are éonnetted o

in star connection between said three units while the

33



nodul. ation controlled bidirectianal sen conduct or smntches capabl e of

flow ng current in the opposite  directions therethrough and- al | owi ng sel f

switching on and self swtchi ng‘mel ﬂ"'mﬂum)" ﬂnrcapam tors, three-

AC term nal s connected to corres
and singl e-phase AC term nals conneétel t'b the*outside, and said six
bi.di rectional seniconductor switches are connected in a t hr ee- phase

phase

sai d three- phase react.ors,.

bri dge circotherotheed . tbrménphasardCcbanecnaldstanthsaedinpungl e- phase AC

~termnals while said filter capacitors

are connected in delta or star

connection termahdlsho€ethepbrsariflt RighnabitagbahC motorhehbéHi Lecti onal
sem conduct or switches control so that voltages of AC outputs to be

~outputted tantbpjestngkedphasagAC term nals of sai d t hree- phase/ si ngl e-

phase pul se width nodul ation cycl oconverters may have a

sanme phase in each .

of said units but electric phase angles of fundanental voltage waveform

may be

different by 120 degrees from each other anong said three
and that-
phase/ si ngl e- phase pul se wi dth nodul ation cycl oconverters

- tRe sAnpbwephasevéfringnappasatistdf 4 htektiple three-

sai d units. phaseopukseedidthsmodaiatidn epclespnvdrtgrosgsteh foe

si ngl e- phase AC termnal s at

are connecteﬂlvingsaahlghnmeltage hethEOrsatdathafEahhet5pebdte t he
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characterlzed in that

said power converting apparatus.comprises m(l=ms=
n) three-phase transformers'eaéh having a single set of
primary windings and13xj (j = n/m) sets of secondary
windings, 3xn three-phase reactbrs,individually connecfed
to the secondary windings, and 3£n threé—phase/single--

phase pulse width modulation cycloconvertérs individually

connected to said three-phase reactors, that

said priﬁary-windings'of said three-phase
transformer are connected to an external AC power supply
while said 3><n.secondary windings are arranged in three
units, each one unit with-n sets of'seconda;y windings,

and the electric angles between n set of said each

secondary windings of said n sets in same unit are

different by (Gomfk)(where 1 = k £ n) in phase from

each other and the said_secondary'windingS'iﬁ said three

~units which have electric angles of the same phase form n

groups, said'seqondary Windings, said three-phase

reactors and said three-phase/single4phase pulse width

-3

units,
in sanme oenes. of

‘the opposite. ends of the series connections



other three termnals are connected to three input termnals of the

external high voltage AC notor which is an object of driving. 2. A
power converting apparatus of arm“lIIHMj“uf“I ﬂill phase pul se w dth o
~nodul ation cycl oconverter system TRy Hi ihhi gh voltage AC notor at a
vari abl e speed, characterized in that sai d power converting apparatus

conprises m(1 [err] m[err] n) three-phase transformers each having a

siingl e set pbduPatiBhYcyt I8EbESePRErdXtohhect84NinS8beigk, Seaaadary .
wi ndi ngs, 3xn three-phase.reactors individually connected to the secondary

wi-ndi ngs, and'3XDeé$ﬁ§ﬁiF&E@&/ﬁﬁfﬁéfpha@@ﬁ§§néyé5ﬁh&éét 194 W adtRN
cycloconverters individually connected to said three-phase reactors, that

‘sai d primargoddi &t DR &YcBetentEreerdhanelulieanshiar pRlisareigennected to an
external AC power supply while said 3Xn secondary w ndings are arranged in

~three unitfoagBshioREcoRtioY e PigdeteceiofigtoRdAl ¥olngtsgs, and the
el ectric angles between n set of said each secondary w ndings of said n

'sets.in sangyipbhedl €apabiéeoent16Win§0CaEFEkE §Whene dppekitek [err] n) in
phase from each other and the said secondary windings 1n said three wunits

whi ch have @igettiondnghesehrbighsane ahaseihgr Bedf SWOUBRingabd secondary
W ndi ngs, said three-phase reactors and said three-phase/single-phase
pul'se Wi dthand self switching off, three filfer capacitors, three-
phase AC terminals connected to corresponding ones of
said three-phase réactors, and single-phase AC terminals
_cqnnected to fhe outside; and said six bidirectional
semiconductor swiﬁéhes_aré connecfed in a three-phase
bridge circuit to éaid three-phase AC terminals and said
single-phase AC terminals while said filter capacitors
are connected in delta or star connection to said three-
phase AC terminals, that o
‘the bidirectional semicondﬁctor sﬁitches control so
that voltages'éf AC outpﬁts to be ‘outputted to the
Single-phase AC terminéls'of'said_three—phase/singlef
phase pulse width modulation cycldcbnverteps méy have a
same phase in each ofISaid units_but.electric phase
~angles of fundamental voltage waveform may-be'different
by 120 degrees from each dther bétween said three units,
”énd that. _ |
the siane—phase-AC_terminals of the three-
phaSe/éingle-phase puléé width modulatidn cycloconverters

in same ones of said units are connected in series and



modul ation cycl oconverters connec%ed—Ln_sELngL_ngl] - each of said
three- phase/ si ngl e- phase pul se wi'dth _nodul ation cyc oconverters includes
si.x. pul se width nodul ati on cont r(r)}t m”[mﬂm sem conduct or

swi tches capable of flow ng curre ﬁmuﬁm directions

t her et hrough and al | owi ng sel f. smntchlng ‘on" ahd self switching off, three
filter capacitors, three- phase AC terninals connected to corresponding'
ones of satdkidemendias onenaddrihe thglevplagph e térhbnalnads
connected to the outside, and said six bidirectional sem conductor -
SWi t ches artthe mpeed gtk iends 0 achephasciedredlgect ians tate® cenmedtede- phase
"AC terminals and said single-phase ACternmnals while said filter _
.capaci t or s irarstaporomnieatt ion dadtveen sdiad toreeainirs twhiske dehdir ee- - phase
AC term nal s, that t he bidirectional sem conductor sw tches.control so

t hat vol t agetched WAremittmimingl Harvitqoidartdd tdethiseagicpphase AC
termnals of said three-phase/single- phase pulse w dth nodul ation.

cycl oconverdeafningls o ecle atteridideidh wolctagd mRimbtow twhieh Bdectric.
phase angles of fundanental voltage waveform may be different by 120
degrees fron etsfect ef deiviary, said three units, and that = the
si ngl e-phase AC term nals of the three- phase/single-phase pul se wdth
nmodul ati on cycl oconverters in.sanme ones of said units are connected in
series and : . _ '
3. A power converting apparatus of a multiple three-
phase pulse width modulation cycloconverter system as set
forth in claim 1, characterized in that
said power conVerting_apparatus comprises, in place
of said three-phase AC reactors,'means for using leakage
inductances of said seéondary windings of said three-

phase transformer.

4. A power éanerting ;pparatﬁs of a multiple three-
phase pulse width modulation cycioconyerter syétem.as set
forth in claim 2, chér&cterizéd in that

.séid powér cbnvertipg'afparatus comprises, in place

- of said three—phasé AC reactors, means fot using leakage
_inductances of:said secondary windings of said thrée—

- phase transformers.
5. A power cohﬁertiﬁg apparatus of a multiple three-
phase pulse width modulation cycloconverter system as set

forth in any one of claims 1 to.4,;characterized in that
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" opposite ends of the series connections are connected in star connection
- ' aid three units while tf]ﬂll“,tl"ﬁrl Pﬂmm rmnals are connected to
~three input "-termnals of the ext e AC notor which is ‘an -

bet ween s

- obj-ect of

t hr ee- phase pul se w dth nodul ati on cycl oconverter system as set

claim1,

_conpri ses,

" | eakage

t ransf or ner.

correspondi ng ones _of the single-phase AC term nals at

t he

driving. 3. A power ‘cofiveltithg *apparatus of a multiple

‘char aclegidhzd igaildatidirectidind 1P @8 i coNMRISo N Gvifot et st

in place of said three-phase AC reactors, neans for using
| ndadtagheeecbhased singardphuse piilees wildthamddulla@don phase
4. A power converting apparatus of a multiple three-

forth |n

‘phase pul secycdblonwdiitatrsoineiadesonwer semisysiduttas $eiitchest kach cl ai m

2, characterized in that

pl ace  of
i nduct anc

sdndlubdiag- phsemidCndeato® &1emeats hboingsiangeldakage

sai d power converting apparatus conprises,

es of said secondary w ndings of said three- phase transforners.

5. A povwer gageeirbprdngppapabid ity andulat dibdet hbﬁ&ect@lﬂaia frelvesraw dt h
.nDduIatlon cycl oconverter system as set

parallel to sald semiconductor element such that a
1conduct1ng dlrect;on thereof is opposite to that of said
semiconductor element, said two semiconductor switches
being connected ih'series such that polarities thereof

are opposite to each other{

6. A power converting apparatus of a multiple three-

phase pulse width modulation cycloconverter system as set

forth-in any one of claims 1 to 4, characterized in that
each of said bldlrectlonal semiconductor switches of

said three-phase/SLngle phase pulse w1dth modulation’

cycloconverters includes two semiconductor switches each

including a semicbnductor'élehent having'a self
interrdpting-capébility and a diode_connected in series
to said semicondﬁctbr element such that a conductiﬁg
‘direction thereof coincides with that of said

semiconductor element, said two semiconductor switches

being connected in-paiallel such that polarities thereof .

are opposite to each other.

- 7. A power converting appératus of a multiple three- .

in



forth in any one of claims 1 to 4,—eharacterized—+n—that : o
36 each of said bidirectional sem conductor switches-of - said-

t hr ee- phase/ si'ngl e- phase puI se Wi d':ﬂl aI!lIHﬂ "mﬁl oconverters includes
“two .semi conduct or ‘swi t ches each . ductor el enent having a
self interrupting capability and a diode connected in reverse parallel to
sai d sem.conductor element such that a conducting direction thereof \is

~opposi te tophhak g;n 1500 §3 REMnRRAMHn hRMRHonveRitd ! WY stRM aendiqt or

sSwi tches belng connected in series such that polarities“thereof are

- opposite torgaeh 9hN@hy one of @1AnROVERL W)V UG t2RAFEA! U ¢hat
_nultlple three- phase pulse wi-dt h modul ati on- cycl oconverter system-as set

forth in any ong£h JRidEid Biie Al HdwRbrdudttd switcrRachof said
bi di recti onal sem conductor switches of said three-phase/single- phase

pul se wi dt heaRdUkRHeRR pHaKE /R ipHasd Pl1sdes it sR@udadust O Switches
each. i ncluding a sen1conductor el emrent having a self interrupting :

capability apd1dcénQdsteddNaE RbrstARIRE such Tt € Fenidneueitod ement
~such that a Conducting direction thereof coincides with that of said

~sem conduct gh efbA¥ENavisd & ts‘@lﬁ‘i’ﬂt“é?ﬁ‘i’x‘tﬁ:ﬁ?fg wﬁﬂq&tW%r\g connected in
paraIIeI such that polarities thereof _
connected to two DC terminals of four diodes connected in

a single-phase bridge such that conducting:directions may -

be the same direction and two AC terminals of said

single-phase bridge are used as input/output terminals.

‘8. A power converting method of a muitiple three-
phase pulse width ﬁddulation cycloconverter system for
' driving'a high voltége AC motor at a variable speed,
characterized in that,
‘using a'deer converting apparatﬁs of a multiple
three—phaﬁe pulse_Width modulation cyclbconverter system
'as set forth in any one of claims 1 to'4, said
~bidirectional semiconductdf'switches-are controlled by a
pulse width modulation sYstem so that voltages of AC
oﬁtputs to be outputted to the_singlé-phase AC terminals
of said'thrée—phase/siﬁéle—phase pﬁlse'width mdduiation
cycloconverters may have a same phase in each of said
'unité but electric phase éngles of fundamental voltage
' waveforﬁ.may.be different by 120'degrees from each other

among said three units to drive_said.high_vdltage AC
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are opposite to each other. 7 A pomer convertlng apparatus of a:

vn\}Jle Ihplrrgdblh;??;)n cycl oconverter - suummmumleulll "mlt h in any gﬂgsgf pg: Z?ns 1

to 4, characterized in that i eaclt oft sli d®bi'directional seniconduct or
smﬁtches of ~'said three-phase/singl e-phase pul se wi dth nodul ation
_'cycloconverters is constructed such that a semiconductor el ement haV|ng a
sel f interrugtbpgacapabatisplésspeednected to two DC terninals of four

di odes connected in a single-phase bridge such that conducting directions
may be the sane direction and two AC terminals of said single-phase '
“bridge are used as input/output termnals. 8. A power ‘converting

met hod of a nul bi.plg powee- coﬂh@ﬁelﬂqlmetnbdtbfnmdmhhtlphecythQﬂnverter
.systemfor driving a high voltage AC notor at a vari abl e speed,
_charecterlz Hak8 Eh&he widthURbdglat ponecyechovenvenyeapsypshensasf sat
nultlple ree phase pul se wi.dth nodul ati on cycl oconverter system as set

forth in anfoQﬂﬁ oh ehaifnsg} thatacserizeli dinr ehikonal seni conduct or
.swi-tches are controlled by a pulse wdth nodul ati on system so that

“vol'tages of AC waehDglagd @oerodiopvietrednigo apparsitngl ésplasepatater mnnal s
.of said three-phase/singl e-phase pul se wi dt h nodul ati on

"a condition wherein m (where 1 = m = n) ones of the n
three-phase/SLngle-phase pulse width modulatlon

. cycloconverters of one of said units fall the single-
phase AC terminels of the failed three—phase/SLngle-phase
pulse'Width modulation cycloconverters are short-
circuited and three sets of switches each consisting of
two bidirectional semicenductor switches connected to
said three-phase AC terminals of said three- phase/51ngle—
phase pulse width modulation cycloconverter in the same
group which correspond to the falled three—phase/SLngle—
phase pulse width modulathn cycloconverter of the other
two unit are successiyely.rendered conducting one by one
set at equai time intervals to short;circuip-the three
sets of the bidirectional'semieonductbr switches,'ande

' said high voltage AC motor is driven at a variable speed.
using the remaining (n;m)lthree-phase/single4phase pulse

width modulation cycloconverters of said three sets.:

10. A power converting method of a multiple three-

phase pulse width modulation cycloconverter system as set
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-cycloconverters may have a sanme phase in each of said wunits but electric
phase angl es of fundanent al voIt y be different by 120
“degrees from each ‘other among Iml mﬁlﬂ"wnl o drive said high vol tage
~AC . s *ptor at a variabl e speed.
9. A power convertlng met hod of a. nultlple three- phase pulse wdth :
modul ati on cycloconverter systen1as set - forth in claim8, characterized in.
_that, - fidhetrh siai o zoimer8 ¢ orhasrad bey kggshr it Bha%, to operate in a
condltlon wherein m(where 1 [err] m[err] n) ones of the n

t hr ee- phase/5|nghenpﬂa£® powex mmmvﬁrhbdwléPP@ﬁat%§c%%cBﬁv@P?E?EeOFHOne of
said units fail, the single-. phase AC ternminals of the failed -

t hr ee- phased sddlgiptmmmemﬂmmﬂvmeremnl&ami &n rdy(dnasomfertﬂ'a $NLare short-
circuited and three sets of switches each consisting of - two bidirectional

seni.conductidires plss/ cionglestphhse peldel widde-pdisbai®Rerni nal s of said
t hr ee- phase/ si ngl e- phase pul se wi dth nodul ati on cycl oconverter in the '
sane  groupydledomverespomf tane hef fsaiddniteel phbsethe ngieglephase pul se
wi dt h nodul ati on cycl oconverter of the other two unit are successively :
render ed copithed i AQ tmeuinalmeof sehe afablpdl three-phese(airgle-phase
short-circuit the three sets of the bidirectional sem conductor swtches,
and pulse width modulatlon cycloconverters are short-

-c1rcu1ted and three sets of switches each consisting of
“two bidirectional semlconductor switches connected to
Sald three-phase AC termlnals of sald three-phase/51ngle-
_phase pulse width modulatlon cycloconverter in the same
group whlch correspond to the failed three- phase/51ngle—
phase pulse width modulatlon cycloconverter of the other
two unit are succeSsively rendered conducting one by one
.set each time a detected dlrectlon of current between the
s1ngle—phase AC termlnals exhlblts a reversal to short— _
circuit the three sets of the bldlrectlonal semlconductor
switches, and said high voltage AC motor is driven at a
variable speed usiné the reﬁaining (n-m) three- |
phsse/singiefphase pulse width modulation cycloconVertersi

" of said three sets.
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sai d high voltage AC notor is driven-at a variable speed using the
remai ning- (n-m three-phase/singl e-phase pulse w dth nodul ation
cycloconverters of said three sets. : 10. A power converting nethod
of a nultlple three- phase pulse Wi dth nDduIatlon cycl oconverter systen1as
set -~ . © 39 .. forthin claimS§,
" characterized in that ~° when said power converting apparatus is to
operate in a condltlon wherein m (WBSTRACT err] m[err] h) ones of the n
~three- phase/5|ngle phase pul se width nodulation  cycloconverters of one of
said units fail ThéehpresegteinvehtsenAteletesntbsaopowhe tanvedting
t hr ee- phase/ si ngl e-phase pul se wi dth nodul ati on cycl oconverters are short-
" circuited amppahiees sand af pswert cbesvernting ongthodnfoofdriwbngi directi onal
sem conductor swi tches connected to. said three-phase AC terni nals of sald
't hr ee- phasehsghgveltaghas@ motee at dahvaviablei speegcl danwentiondkh t he
same - group which correspond to the failed three-phase/single- phase pul se
widt h nodul phvestoycépsoansr¢annot sbkvet bechniesl usibjects seechsasvel y
rendered conducting one by one set each tine a detected direction of
current.. bet#refgy heonsenghtiphaseedtutree nconsereahionis a reversal to
short- circuit the three sets of the bidirectional sem conductor
swi t ches, amﬂnsatdrhzghlwmltegﬁldEEnuYOpromodxoneandtvaltagelabde speed
u3|ng the remaining (n-n three-
current waveform distortion suppre551on for 1mprovement

in environment needed by the market, and cannot solve

- another technical subject-ot improvemeht in redundancy
such thet; upon_failﬁre,_ooeration is performed with'a
normal part. In the present invention, a power
convertlng apparatus of a multlple three-phase pulse
width modulation cycloconverter system for driving a high
voltage AC motor at a varlable speed is used, and
bldlrectlonal semiconductor sw1tches (11 to 16) are
_controlled so_that voltages of AC outputs to be outputted
to single¥phase AC terminale.(u, v) of three-
phase/singie—phase_pﬁlse width:ﬁodulation cycloconverters'
(i to 9) may heve'a_same bhase in each of units bot

' eleotfic angles of besio-wave voltage phases maf be
different.by 120 degiees'ftom_each other among the three
units to dtive a high voltage.AC motor (10). 1If one of
fthe.cycloconverters;(; to 9) fails, then the.singleephase
AC tetﬁinals*(u, v) of theffailed'oYCloconverter are

shortrcircuited-and-threeISets of switches each

AT



phase/ si ngl e- phase pul se wi dt h nodul ati on cycl oconverters of said three
sets. ‘ : S 40

éonsisting of two bidireétiohal sémiconduétoi $witcﬁes
connééted.toffhree—thSe.AC'térmihals.(r,.s) t) of the
 cyc1ocohvefter$.of-tﬁe ofﬁer twé units;iﬁ:the same group .
as the failed cYCloconverﬁéf'aré.su¢cessivel¥ rendered
conducting one by onéiééﬁ'aflequ;l'time_intervalé to
"shortQCircuit'the three séts of the bidirectiohal .
semiconductor switéhe; to_drive'thé'high #oltage AC motér

at a variable speed.
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