. SPECIFICATION
POWER CONVERTING APPARATUS AND POWER CONVERTING METHOD
TECHNICAL FIELD

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
invertor or another system wherein a step-down
_'transformer.ahd a step-up transformer are conﬁected to
,thézinput 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_illustratiﬁg |
fbur quadrature'operation baSed on the relationéhip
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 smbothing_'
capacitor”uniﬁ, 103 a regeneraﬁive_éonverter unit, 104A
and.104B each denoteé an AC reactor, and 105 denotes a
 three-phase'tranéfo:mér. |

The invertor unit 101 includes_three—level.invértors
of the neutral clamping type and.employs, for powef |
‘elements, a GTO (Gate Turn Off Thyristor, hereinafter
referred.to Simply as GTd) to aésure 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



regéneration is péfformed depending upon the direction of__
DC power. The regenerative converter unit 103 is

connected to secondary ﬁindings of the three;phase
transformér 105 through the AC reactors 104A and 104B

- while primary windings of-the three-phase transformer 105
are connected to a high voltage commercial power supply
so as to receive supply of power.

Fig. 8 is a circuit diagrém showing a driving circuit-
which empldys a low voltagé invertor of a conventional
example. In Fig. 8, reference numeral 10 denotes a high
'voltagé AC motor of an object of drivihg,lloﬁ an invértor
.unit, 107 a smoothing qapacitor unit, 108 a regenerativé
_converter unit, 109_an AC reactor, 110 a step-down
transformer, and 111 é step-up transformer. |

The invertor unit 106 includes IGBTs-&Insulated Gate
Bipolar Transistors, hereinafter referred to simply as
IGBfé) and diodes connected in a three-phase bridge"
circuit and is pulse width modulation (hereinéfter
referred to simply-as PWM) controlled so that it may
output a voltage and'a frequency necessary to dri&é the
motor 10 through the stepfup transférmer 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'lil. _Also_the regenerative converter
unit.108ris composed of IGBTs and diodes connected in a

three-phase bridge circuit similarly as in the invertor
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nnit 106, and is connected_to secondary windings of the
step-down transformer llolthrough the AC reactor 109
while'primary windings of the step-down transformer 110
are connected to a hiph voltage commercialspower supply
so as to receive supply of-power. Meanwhile, also DC
_buses of the regenerative,converter unit 108 and the'
invertor unit 106 are connected to each other through the
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
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of the brior art described above naturally become an
object of such impro#ement.. |

However, from the poiﬂt of view of energy
coﬁservatioh, resource conservation, minimum size, high
efficiency and low-distortion voltage and current
-waveform for improvement in environment, both of the high
voltage invertor system and the low voltage inverter
_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
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is a bottle neck to minimize the inverter package.
..Meanwhile, in the'cése of the step-up sysﬁem of the
low voltége invertér_éf.Fig. 8, since - it is an IGBT
invertor of a low voltage, whilé.high fréquency PWM
__contfol iSIPOSSible ahd'reduction in noise can.be
'anticipated, in order to achieve a large éabacity,_
é&rallel.connection of IGBTs is required, and a
countermeasufe'for parailel balancing and a snubber'.
circuit are'required_éhd minimum size is difficult.
Further;.also an increase in'1oss of IGBTs, bus ba;s and
"anbber 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 dv/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
switching of PWM éont:ol of'an_inﬁertdr, causing
dielectric breékdéwﬁ of the moto:}. As:é countermeasure
agaiﬁst the drawback, it:has been proposed to'insért a
':filter between the ihvérto:'unif 106.and the step-up
transformer.lll of Fig.'B_as recited_in "Output Filter
Circgit of Voltage Type PWM Invertor" disclosed in

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



In addition, since, ﬁponllow_frequency operation; the
voltage/frequéncy’ratio to be prqvided to the transfoxmer
is set to 1.5 to 2 times that iq the proximity of a rated
frequency by an invertor in ofder to assure stérting
torque, there is another ptoblem that a larger
transformer than altransformer for a commercial'frequency'
is réquired so that magnetic.saturation may not 6c¢ur.
uFurthér, if the invertor 106 generateé an offset voltage
due to.a diépersion 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 pfoblem also that_eXcessive
current flows.

As a-countermeasure-agéihst-harmonic distortion of an
outputlﬁoitage or curreht, while the high voltage.
invertor is controlled by 3—1eve1 control and'bbth of PWM
‘control and amplitude ¢ontrql 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'véltage'invértor System of Fig.'ﬁ uses lZO-degreé
energization waveforms, 1OQ order harmonic distortion
- remains, and with_the iow volﬁagé invertor system of Fig.
B, since theIregenerative.converter unit 108 performs PWM
control,'aithough.lbw order harmonics of power supply

current are suppressed, high order harmonics remain.
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-Aé described above, the conventional invertor sysfems
cénnot solve the technical Subjects such-aé energy
conservation,-resoufcé conservation, minimum size, high
efficiency and low-distortion voitage'and cu:ient
waveform for improvement iﬁ environment needed by the
market. Further, aﬁy 6f the systems cannot solve.the
technical subject of improvement in redundancy.suéh'that,
upon failure, operatibn'is performed with a nofmal pafL. 

Further, of the syéiems other than the invertor
systems, the cyclocpﬁverter recited in “Cycloqdnverter-
Apparatus" diéclosed in Japanese Patent Laid-Open
Application No,.Heisei 6—245511.cannot raise, since it is
of the power supply cpmmﬁtation system, the ouﬁput
f;equéncy only ﬁp to 1/3 tg'l/2 the power supply
frequéncy. Consequently, the cycloconﬁerter is not
suitable for motor driving.

_An'improvehent éf the cycloédnvéfter just described
is a.PWM cyclocénverter recited in "waer Converting
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'itldoés not
require such a DC circﬁit as is fequifed by an invertor.
system. |

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



because the number of elements.inSerted in series in a
route ftom a power'supply to'a load 1is smaller than that
of an invertor system.

- 3) Four'quad:aturé operatioﬁ is easy because direct
AC-AC con&ersion is used. | |

Howefer,_since aléo-this system is a PWM control
power converting system of three-phase inputs_ahd three?
phase outputs, although low order harmohics of power . ..
supply current are suppressed, high oxder harmqniCS'
remain, and the technical subﬁect of voltage and current
wavefdrm distortion supﬁreséidn cannot be solved for both
of the input'and the output. Further, in order to drive-
a high volfége AC motor,:a-systeh wherein a power element
is so formed as to have a high voltage withstanding
property to make a high voltage PWM éycloconverter or é
voltage is raised by a transformer is adopted) and the
same subjects 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 éystems have a
problem that, if $ome 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
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by which a high voltage of low distortion'is'generated

using a low voltage invertor technique.

 DISCLOSURE. OF THE INVENTION

Accord;ng to_the present invention, a power -
converting apparatus of a mﬁltiple three-phase pulse
width modulétioﬁ cycloconverter system for driving a high
voltage AC motor at a variable speed is conétructed such
that | .

.the powér éonverting apparatus comprises a single
three-phase transformér'having a single set qf primary
windings and 3xn Setg of seéondary windiﬁgs orm (1= m
= n) three-phase transformers each having a éingle set
of primary windings and 3xj (j = n/m) sets of seéondary
windings, 3xn three-phase.reacto;s individually connected
to the_sécondary windingé, and 3xn three—phase/single-
phaée pulse width'modulation.cycloconverters individually
connected to the three-phase reactors, thét the primary
windings of the three—phaseltransforﬁer or transformers
are connectéd.to an exterhal AC power supply while the
secondary Qindings.are arranged in three uhits,_each ﬁne.
'unit.with n séts of secondary windings, and the electric
angles between n sets of eacﬁ secondary windings of thé n
sets in same unit.are differeﬁt by (605+k) (where 1 = k
= n) in phase from eéch other (howéver, where k = 1, the

phase difference is 60 degrees, and this is equivalent,
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where a transformer load is a three-phase full wave

.rectifying circuit, to that nolphase difference appears),

and the secondary windings in the three units which have

‘the electric ahgles of the same phase form n groups, the
'sécondary windings, the three-phase réatofs and the
three-phase/single-phase pulse:width modulatioh
cYclocénvefters connected in éeries, that each of the
three-phase/single-phase pulse width modulation.
_cYcloconverters includés six pu1se width modulation
céntrdlled 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 ﬁhe outside, and the six bidiréctional semiéonductor
switches are connected in a three-phase bridge circuit. to
the three-phase AC terminals and the single-phase AC
terminals while.thé filtérlcapacitors are connected in
delta or star connéction-to the'three—phase AC terminals,
that the bidirectioﬂal semicohducfor switches'control.so
that voltages of AC outputs to be outpﬁtted.to thé_
sihglé—phase AC terminals of the three-phase/single-phase
pulse width_mbdulation cycloconverters may have a same
phase in each of'the-uﬁ;ts but electric angles of basic

wave voltage'phases may be different by 120 degrees from

11

il



each'other among the.three units, andlthat the singleQ
phase AC termihals of the three-phase/single-phase pulse
width modulation cyclodonverters in the same units are
.cohnected in series and the corresponding single-phase AC
terminals at the 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 external high vbltage 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
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that a conductlng dlrectlon thereof coincides with that

" of the semiconductor element, the two semlconductor
'switches being connected in parallel such that polarities
thereof are opposite to each other, or otherwise may be
:construCted such thet a.semiconductor element having a
self 1nterrupt1ng capablllty is connected to two DC
termlnals of four diodes connected in a 51ngle-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.

According to the present invention, a power
converting method of a multiple_three-phase pulse width
modulation cycloconverter'system for driving a high
voltage AC motor at a variable s?eed is constructed such
that, |

‘using a power converting apparatus of a multiple
three-phase pulse width modulaticn cycloconverter eystem,
the bidirectional semiconductor switches are controlled
by a pulse width modulation system so that ycltages 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 df basic wave voltage phases
between the three units.may be different by 120 degrees
from each other to drive the high_Voitage AC motor at a

variable speed.
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The power convértihg method éf'a.multiple three-phase -
pulsezwidth modulation cjclocdnverter system may be
'.constructed such'that, when the power converting
apparatus is to operate'in.a.condition wherein m (Qhere 1
=m= n).ones of the.n three-phase/single-phase pulse
width modulation éycloconverters of one 6f the units fail,
_thé_single-phase AC terminals of the failed three¥
-phase/single—phasé pulse width mbdulation cycloconvgrters
are short-circuited and three sets of two those oﬁés 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
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'the.remaining (n—ﬁ) three-phese/single-phase'pulse width
modulation eycloconverters of the three sets.

When it is tried to perform variable speed driving of
a high'voltage AC motor using the power converting
apparatus of a multiple three—phase pulse width
modulation cycioconVerter system of the constructioh
described above, sinee waveform control of the three-
phase/single phase pulse width modulation cycloconverters
of the three units each cempesed'ef a plurality of groups
is éerfermed, input and output voltages and currents of
waveforﬁs ef 16& distoftion 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 ciicuit 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 1is smali.' |

Where leak inductances of the secondary windings-of
the three-phase transformer orxr transfermers_are'used,'
also the three-phase AC reactors can be omitted.

Further; siﬂce each of the units is formed from a

plurality of three-phase/single-phase pulse width

- modulation cycloconverters, even upon failure, operation

can be continued using the three-phase/single-phase puise'

width modulation cycloconverters of the remaining groups

which are normal.

" temny -



BRIEF_DESCRIPTIOﬁ OF THE DRAWINGS

Fig. 1 is a circuit diagram of a driving circuit
which employs a powef converting apparatus of a multiple
three-phaselpulse width modulation (héreihafter referred
to simply as PWM) cycloconverter system of a first |
embodiment of the present invention;

Fig. 2 is a Circuit diagram showing an example of a
detailed constructidn of a bidirectional semiconductor’
swifch_shown in Fig. 1;

Fig. 3 is a circuit diagram.shbwing another example
.of a detailed dohstruction of the bidirectional
semiconductor switch sho&n in Fig. 1;

Fig. 4 is a circuit diagram showing a further example
of a detailed construcﬁion of the bidirectional
‘semiconductor switch shown in Fig; 1;

.Fig. S5 is a circuit diagram of a driving circuit
which employs-a'power'convefting_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 invertof of a convehtidnal
éxample; | |

" Fig. 7 is-a.conéept diégram'illustrating four
quadrature operafion'based oh a relationship between the

torque and the speed of a motor; and
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- Fig. 8 is a circuit diagram of a driving circuit
which employs a low voltage invertor of a conventional

example.

BEST MODE FOR CARRYING QUT THE INVENTION

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,

referénce numerals 1 to 9 denote each a three-

phase/single-phase PWM cycloconverter, 10 denotes a high _

voltage AC motor which is an object of driving, 11 to 16
denote bidirectional semiconductor switches, 17 to 19
filter capacitors, 21 to 29 three;ppage AC reactors,'30

denotes a thrée-phase transformer;_31 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
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switches 11 to 16 three fllter capac1tors 17 to 19,
three—phase AC termlnals r, s and t and s1ngle phase AC

- terminals u and v. The six bidirectional semiconductor
switches 11 ‘to 16 through-which_current can be flowed in
the opposite directions andewhich allow self switching on
and self switching off are connected in a three-phase
_bridge circuit to the three-phase AC terminals r, s and t
: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
‘example, the three4phaSe'AC terminals r, s and t of the
nine three—phase/single-phase PWM cycloconverters 1 to 9
are cennected.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 respectively, 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'primary windings 40 are connected to an AC power
) Supply. It is.otherwise possible to use leak inductances
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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- The entire apparatus is compoéed of three unifs eaéh
formed from n (three in thé-present example) three-
phaée/siﬁgle-phase PWM cyclocbnﬁerters (in the present
example, 1 to 3, 4 £o 6 and 7 to 9),'and the single-phase
'~ AC terminals u and v in each of the units:are cohneCted_.

in series and those ohes of the terminals u and v at the
_opposite ends of the series connections are connected in
star connection between the three units while the other
three terminals aré connected to three input terminéls 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 exaﬁple,'l 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
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establish load'baiance on the power éupply side'énd_
cancel low order harmonic curfents among the secqndary_
.windings of the thr¢e4phase_transformer 30, the secondéry
windings of the'three-phase.tranéformer 30 are diﬁided

: info n groups.eéch'includihg those of the first to nth
thrée—phase/single-phase PWM cycloconverters of the three
units ﬁhich have same ofder numbers (in the presenf
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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harmonics lower than 22nd order harmonics of the power
supply frequency is not geherated in principle.

While the phaée difference between the secondary
windingé_of.the three-phase transformer 30 is 60°/3 = 20°
since n = 3 in theféxample of Fig. 1, if n = 5, then
60°/5 = 12°, and a voltage or current of power supﬁly
harmoﬁics loﬁer than 34th order harﬁonics of the power
supply frequency is not generated.

In the following, a countermeasure for imprévement in
redundancy is described. The characteristic of a -
multiple 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_éutput 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'ii and 14,'12 and 15, and 13 and

16 conﬁected to the three—phase,AC terminals r, s and t
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of the three—phase/siﬁgle-phase PWM.cycloconverter 1 of
.the same group ere rendered conducting so as to be short-
circuited.successively one by one.set at equal time
intervals so that output voltages are generated by the
three—phase/single—phase PWM cycloconvefters 2 and 3.
'_Similarly, three sets of switches each consisting of two
_bidirectional semiconductor switches connected to the
three-phase AC terminals r, s and t of the three~
phase/eingie-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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semiconductor switches_coﬁducting so as to be short-.
" circuited one by one set to perform operation.

Figs. 2 to 4 are circuit diagrams showing detailed
construction examples of.the bidirectional semiconductor.
switches 11 to 16 shown in Fié. 1. Referring to Figs. 2
to 4, reference numerals 51, 52, 55, 56 and 59 denote
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
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element (in Fig. ¥ an IGBT) having a self interrupting
capability such aS-a'transiétor, an IGBT or an FET and a
diéde connected in serieS'to the seﬁiconductor-eleﬁent
such that the conducting direction thereof may bé same as
~that of the semi;onducto# element. When current flows.
from A to B, iﬁ passes thrdugh the iGBT 55 and the diode
.57, but whéh curreﬁt flows from B to A, it passes through
the IGBT 56 and the diode 58. |
In.Fig. 4, a function of a bidirectional

semiconductor 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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- dutogiwe



. embodiment of the present invention. In Fig. 5,'

- reference numerals 51 to 59 dénéte three-phase/single~
phase PWM cyciocohverters,-GO denotes a high voltage AC
métor which is an object.of driving, 61 to 66.denote
bidirectional semiconductor switches, 67 to 69 filter
capacitors, 71 to 79 three-phase AC reactors, 21, 92 and
93 three-phase transforﬁers, 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.



'Generally; while.thrée-phése/single¥phase PWM.
_cycloconverfers are usedias a combination of 3 x h such
cycioconverters, Fig,_S éhows.an exémple wherein n = 3
énd 9 such cyéloconverters-are involvéd similarly as in
Fig. 1. 1In the preseht“example, the three-phase AC
ﬁerminals r, s and t of the nine three-phase/single-phase
PWM cycloconverters 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 te:minals'u and v of the three three-

phase/single-phase PWM cycloconverters 51 to 53 are
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connécted in series to:form one unit while the AC
terminals u and v.of the three single-phase.PWM
cycloconverters 54 to 56-and'57 to 59-are.conhécted_in'_
-series to form two units similarly; and one of the ends
of.the three units are.connected in star connection while
.theiother ends are connecfed to the.high voitage AC motor
60 which serves as a.ioad.-

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

Basic wave voltages of AC outputs outputtedlto the
single-phase AC terminals.u énd v of the three three-
phase/single—phase-PWM cycloconverters (in the'p;gsent
| 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 thét they’ may generate-
AC outputs 6f which elebtricél anglés of the basic wave
voltage phases are different by 120 degrees in phaée from
-each other. |

.'Sinée each of the three—phase/single—phaée-PWM
cycloconverters 51 to {50 + (3 x n)} (in the present
éxaﬁple, 51 to 59) serves as a single-phase load; in
order to establish load baianCe on the_power.supply side

and cancel low order harmonic current between the

secondary windings of the three threefphase'traﬁsformers



91 to 93, the windings of the'three-phase transformers 91
to 93,_that.is, the-secqndary windingé 81; 84 ahd'87-of
the threé-phaée,transformer 91 connected to the AC
terminals r, s and t of the singie—phase PWM
cycloconverters 51, 54 and 57 of ﬁhe first ﬁnit, the
‘secondary windings 82, 85 and 88 of the three-phase
‘transformer 92 connecfed to the AC terminals.r, s and t
of the single-phase PWM cycloconverters 52, 55 and 58 of
the second unit and the secondary windings 83, 86 and 89
of thé three-phase transformer 93 connectéd to the AC
térﬁinéls f,'s and't.of_the single-phase PWM
cycloconQerters 53, 56 and 59 of the third unit, are
WOuhd in same conditions so that induced voltages may
- have equél phases. In the exaﬁple of Fig. 5, the
secondary'windings.81 to'89'of the three three-phase
'transfbrmérs 91, 92-énd 93 afe cohnected in delta
connection while the primary windings 94 of the three-
. phase transformer 91 are wound in zigzag connection so
that they présent a'delay_of an electric 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 Qoﬁnd‘in star connection so that they
present a delay of an eie¢tric angle of 30 degrees with
respecﬁ.to the secondary Windings 82, 85 and 83. The
"primary w;ndinés 96 of the threeéphase.transformér'93 are

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



of an electric angle of iO degreeSIWith_respect'to the
éecondary-windings-83, 86 and 89.

Cohsequently,’if.the three-phase/single-phase PWM
cycloconverters are contidlled sjmmetrically, then a
voltage or current of poWer supply harmqnics.lower than
22nd ordér harmonics of the powér suppiy f;equency'is not
-génefated in principle. |

A countermeasufe fdr.improvement in redundancy and
the construction of the bidirectional semiconductor
switches are same as those of the first embodiment, and
accérdingly, description.of_them is omitted here.

While the embodiments described above are deécribed
in connection with an example of a high voltage AC'motor;
the application of the power.converting appa:atﬁs and the
‘power converting method of.thelmultiple three-phase PWM
| cycloconvérter'system of-the'present.inventioh is not
limited to a high voltage AC motor} but they can be
'appliéd to all AC ﬁotors. |

As described above,'whefe.a mulfiple three-phase PWM
cycloconverter of'tﬁé present invention_is used, sinée a
'DC circuit such as an inveftor system is not required,
miniaturization is easy, and since-the number of elements
intefposed in series in a route from a power supply fo a
-load is small, the élement lossxis:low and the efficienéy_
is high.-'Furthér, since waveforﬁ éqntrol'of the

individual three—phase/single-phase PWM cycloconverters:
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is performed by the means déscribed above, input and
output voltages and cufrenté of waveforms of low N
distortion are obtained,_and_éupply and régeneration-of
power can be performed'freely due tb ﬁirect AC to AC
cpnversibn. Further, even upon failure, operation is

possible'using a nofmal part.

INDUSTRIAL APPLICABILITY OF THE INVENTION
In this manner, a pawer COnverting apparatus of a -
" multiple three-phase pulse width modulation
.cyéloconverter System of the present invention and a
power converting methdd in which the power converting
apparatus is used have an_éffect_that they can'soive
technical subjects such as energy conéervation, resource
conservation, miniaturization, efficiency promotion and
voltage and current wéveform distortion suppression for
improvément in environment ﬁeeded by the.market and also
raise the redundanCy'and thé reliability in operation is
improved, and consequently, they have the possibility
that they may be utilized widely_fof 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
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driving

11 to 16,:61 to ‘66 bidirectional'semiconductor
switch | | |

17 to 19, 67 to 69 filter capacitor

21 to 29, 71 to 79 threeéphase_AC reactor

30, 91 to 93 three—phase'transformer

31 to 39, 8l_to.89 sécondary winding of the three-
phase transformer 30 . | |

40, 94 to 96 primary wingipg of the.threé-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 tranéférmer_

106 invertor unit

107 smoothing capacitor unit

108 regeneraﬁive converter unit

109 'AC reactor

110 step-down trén#formef

111 step-up transformer
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Claims:

1. A power convefting apparatus of a multiple three;'
phase pulse width modulatlon 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 havihg a single set of primary
-ﬁindings and 3xn sete of secondary windings, 3xn three-
phase reactors individually connected to said secondary
" windings, and 3xn'three-phase/single—phase pulse width
modulation cyclocohvetters.individually connected to said
three-phase reactors, that

| said primary windings.of said three-phase
transformer are conﬁeoted to an external AC power supply
‘while said 3Xn secondary windings e£e arranged in.three
units, eaoh one unit with_ﬁ sets of seoondary wihdings;
and the electric angles betweeﬁ n set of said each -
.secondary windings of said'n.sets in same unit are
different by (60“—k)(where 1 élk-é n) in phase from
each other and the said secondary w1nd1ngs 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 connected in series; that
each of said three-phase/SLngle-phase pulse width

modulatlon cycloconverters lncludes six pulse width
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A

modulétion_coﬁtrolled-bidifectional semidonductor
éwitches capable of flowing current in the opposite.
'_directions therethrough énd allbwing_self switching'on
_aﬁd §e1f swifching 6ff, three filte;ﬁcapacitors, three-
. phase AC terminais connected to cOr:espdhding;ones of
-said thréefphase reactors, and sihglg;phase AC terminais
" connected to the outsidé,'and said'six bidirectional
semiconductdr switches'are connected in a three-phase
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 single-phase AC terminals at

the opposite ends of the series connections are connected

in star connection between said three units while the
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other three terminals are connected to three input
terminals of the external high voltage AC motor which is

an object of driving.

2. A'pbwér converting apparatus of a.multiple three-
.phase-ﬁulse width modulation cyclbconverter systém for .
- driving a high volfagé.hclmotor at'a variable speed,
characteiized in fhat |
| said power convefting 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 modulaﬁion cycloconvertérs individually
connected to said ﬁhree—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
'sécondary windingé of said n sets in same.ﬁnit are
different by (Gomfk)(where 1 = k £ n) in phase from
each other and the éaid_secondary'windingS'iﬁ said thiree
~units which have electric angles of the same phase form n
groups, said'seqondary Wiﬁdings, said three-phase

reactors and said three-phase/single4phase pulse width
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- modulation ¢ycloconverters ¢onne¢ted_in series, that
éach.of éaid three-éhase/singlé—phase pulse Width _

‘modulation cycloconvérte:s includes six pulse.width
-modulation contrqlled bidifecfional semidonductor
Switqhes-capable.of flowing current in the opposite
'directions thefethrough and allbwing self switching on
and self switching off, three.filter 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/single—
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
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correspondihg ones of the.éingié-pﬁase'Ac'te;minals-at

- the opposite ends of the series éonnections.are éonnected
in star connecfion.bétween_said three units whiie.the
other three terminals_are-conﬁected to three input
terminals of the externdl high vbltége'AC motor which is 

an object of driving.

3. A power_converting épparatus of a multiple three-
phase pulse width modulation cycloconverter systeﬁ és set
forth in claim 1, characterized in that |

said powef conVerting_apparatus comprises, in place
of said three-phase AC reactors,'means foi using leakage
inductances of said seéondary windings of séid 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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each of said bidirecfiénai semicbnductor switéhes of
said three—phasé/single-phase pulse.Width modulation
cYcloconverters'inélﬁdes two éemiconductor_switches each
_including a semiconductor element having'a self: |
- interrupting capability and.a diode connected in revérée-
parallel to said-semicoﬁductor element such fhat a
1conducting direCtion 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 convertinj apparatus of a multiéle three-
phase_pulse width modulation cycloconverter system as set
forth-in_any one of claims 1 to 4, characterized in_that
| each.of said bidirectional semiconductor switches of
said-ﬁhree-phase/single-phasé pulSelwidth modulation’
cyciqconverters inélgdes two semicbnductor 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 sémiconducto?'switches
being conpeCted in-paiallel such.that polaritiés thereof .

are opposite to each other.

7. A power converting appératus of a multiple three- .
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phase puléé.Widfh.modulation_cycioconverter system as set
forth in any one_df_claims 1 to 4, characterized in that
' each.of éaid bidirectional'Semiconductor switches of
said three-phasé/single-pﬁase-pulse width modulation
_CYCloconvefters is. constructed suéh that a semiconductor
element having a Sélf ihterrupting capability is
connected to two DC terminals of four diodés connected in
a singlé—phase bridge $uch-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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~motor at a variable speed.

9. A power cqnverting:method'of_apmultiple.three-
phase.pulse_width modulation cycloconverter system as set
" forth in claim 8, eharactefized in that,
when said.poﬁer.eonverting apparatus is to eperate in
-a' condition wherein m (where 1 é 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

39



L% ¢ L M §s =

forth'in'claim's, characterized in that

‘when said power convertlng apparatus is to operate in
aicondltion wherein m (where 1 é m = n) ones of the n
three—phase/single?phase pulse width modulation
cycloconverters:of one.of said units fail, the single-
‘phase AC terminais_of-the failed three-phase/single-phase
~ pulse width modulatioh.cycloconVerters are short- |
-circuited and three sets of switches each consisting of
“two bidirectional semiconductor switches connected to
Sald three-phase AC terminals of said three-phase/51ngle-
_phase pulse width modulatlon cycloconverter in the same
group which correspond to the failed three- phase/51ngle—
phase pulse width modulation cycloconverter of the other
two unit are succeSsively rendered conducting one by one
.set each time a detected direction of current between the
Single—phase AC terminals exhibits a reversal to short—
circuit the three sets of the bidlrectional semiconductor-
switches, and said high voltage AC motor is driven at a
variable speed usiné the reﬁaining (n-m) three- |
_phase/singlefphase pulse width modulation cycioconVertersi

" of said three sets.

40



