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-1- MATRIX CONVERTER AND CONTROL METHOD FOR THE MATRIX
CONVERTER TECHNICAL FIELD 5 [0001] The present invention relates
to a matrix converter and a control method for the matrix converter. More
specifically, the invention relates to aTiatrix converter and a matrix
converter control method for converting a three-phase ac input voltage
into a specified 10 three-phase ac output voltage. BACKGROUND ART

[0002] As a typical main cifgliheanstiietion far investers, indirect ac

power conversion circuits for 15 converting a commercial alternating

current into a diggeteurreniiviaa rectifiereirquitandqa smoathimgreircuit to
obtain an ac output by a voltage-type converter are generally used.

Meanwhile, as a method for obtaining an ac output directly from an ac

voltage, direct ac power 20 converter apparatuses typified by matrix
TonueterslareIKhdwn. In this case, since large capacitors and reactors

for smoothing voltage pulsations by commercial frequencies are ‘
[PPREdssary, TomvesramfiaturiZzatoRndarPbe expected aind therefore T+

direct ac power converter aEPa atuses, -2- ha%/erbegﬂ incre sl,finigily gainin

gﬁgﬁﬁﬁﬁggsﬁg%i a control method fo e ma onverter.

More specifically, the invention relates to a matrix
converter and a matrix converter ccntrol method for
converting a three-phase ac input voltage into a specified

three-phase ac output voltage.

BACKGROUND ART

[0002] As a typical main circuit construction for
inverters, indirect ac power conversion circuits for
converting a commercial alternating current intoc a direct
current via a rectifier circuit and a smoothing circult to
obtain an ac output by a voltage-type converter are
generally used. Meanwhile, as a method for obtaining an ac
output directly from an ac voltage, direct ac power
converter apparatuses typified by matrix converters are
known. In this case, since large capacitors and reactors
for smoothing voltage pulsations by commercial fregquencies
are unnecessary, converter miniaturization can be expected

and therefore the direct ac power converter apparatuses
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generation power converter apparatuses. [0003] A three-phase to
three-phase matrix converter is to obtain ac output voltages of variable
voltages and 5 variable frequencies by direct switching of a three-phase
ac input voltage. As a typical modulafioch ethod, an analog base
modulation method in which, with a virtual DC link formed, sinusoidal
modulation is performed by carrier comparison is proposed in Document
Han OYAMA and gther O iive, "V\(ME Olkine CoplakebRWM a5 next-
Cycloconverter”, IEEJ Transactions D, IEEJ, Vol. 116 (1996), No. 6, pp.
S64:651) i Alsegaveantealimethodfor seluing owsrent distortion, which is

an issue in asynchronism between output voltage command signal and

taoiss lsignal Ais disclesahind@odumernit rEs 2 10R 44 -3¢1807A)c[0004 ter 1is
The control methods of Documents 1 and 2, in either case, is based on

Bp amblitsde medulatiohaNkich's Laccoddplished Bpintrdeiteing’a Vafigsre and
that is a_current distribution ratio, i.e. a ratio of a mid phase_current to 20
EhaRiiim PRESERITERE ald by Miuftiplyirfya FA&0r 8n ach of an ee~Phase
output voltage cammand signal and a,carrier_signal. Further, the control
?ﬁ:ethﬁlapo%%ogt?%rgﬁtgf Tnvol\%% tWo s ngl of' §onf?gldfg:r[ %%681%55%@&:%0@’

changeover of switghing,patterns, which setve,as informatian updating 25,

part, so that current distortion in carrier asynchronism is -3-
link formed, s=inuscidal modulation is performed by carrier

arll

comparison is proposed in Document 1 (Jun OYAMA and other
five, "VVVF On-Line Control of PWM Cycloconverter"™, IEEJ
Transactions D, IEEJ, Vol. 116 (19%96), No. 6, pp. 664-651).
Also, a control method for solving current distortion,
which is an issue in asynchronism between output vcltage
command signal and carrier signal, 1s disclosed in Document
2 {Jp 11-341807 A).

{0004] The control methods of Documents 1 and 2, in
either case, 13 based on an amplitude modulation which is
accomplished by introducing a wariable that 1s a current
distribution ratio, i.e. a ratio of a mid phase current to
a maximum phase current, and by muitiplying a factor on
each of an output voltage command signal and a carrier
signal. Further, the control method of Document 2 involves
two steps of control for suppressing changeover of
switching patterns, which serve as information updating

part, so that current distortion in carrier asynchronism 1is
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avoided. Due to this, matrix converters of Documents 1 and 2 have an
issue that control configuration and computation become more complex.
5 SUMMARY OF THE INVENTION [0005] It is a primary object of the
present invention to provide a matrix coriverter, as well as a matrix
converter control method, which allows the control-related circuit
construction to be simplified without involving such 10 computations as

fippleseemputationtor carder amplitide moduiation{0006] n-ordeeits 1 and
achieve the above object, the present invention provides a matrix

zonverterfar conveding-a tthreesphase aewputvoltagesnteadpeciiedtation
three-phase 15 ac output voltage, comprising: an output voltage
cemmancdhsignatgemearating section for generating an output voltage

command signal to output the specified three-phase ac output voltage; a
current flow ratio generating section for 20 generating a signal

representing a current flow ratio based on a specified input current
%g%ﬂ%d @%n@l@a %%Nggr?@cting section for correcting the output

I command, signal based on the output voltage command . signal. .
LR by o SR UbIAGE LomrAane 25 g0 JorePathg Seon Lom £o

8994@%@%%&9&%@?“%%&@, as well as a matrix converter

control method, which allows the control-related circuit
construction to be simplified without involving such
computations as ripple computation or carrier amplitude
modulation.

[0006] In order to achieve the above object, the present
invention provides a matrix converter for converting a
three~phase ac input voltage into a specified three-phase
ac output voltage, comprising:

an output wvoltage command signal generating
section for generating an output voltage command signal to
output the specified three-phase ac output voltage;

a current flow ratio «generating section for
generating a signal representing a current flow ratio based
on a specified input current command signal;

a signal correcting section for correcting the
output voltage command signal based on the output voltage
command signal generated by the output veoltage command

signal generating section and the signal representing the
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current flow ratio generated by the current flow ratio generating section; a
PWM conversion signal generating section for generating a PWM
conversion signal based on the output 5 voltage command signal
corrected by the signal correcting sectibi and a carrier signal; and a
conversion section for converting the three- phase ac input voltage into
the specified three-phase ac output voltage based on the PWM

copvergion sighal geperated;dQ by-the VUM conversion:signal genetatingat 1o
section. [0007] According to this matrix converter, based on the output

yeliage eamunanttsigoal;generated by the output voltage command

signal generating section and the signal representing the current flow

ratio generated b§itHe toourentiffow miiorgeherating settiony thecodtpatr  for
voltage command signal is corrected by the signal correcting section.

Based dhithe carreElBd oGUY 98ltage commarfd si§Asiethd e calfer cutrut
signal, the PWM conversion signal is generated by the PWM conversion
¥ihaRgEneTaTNG BECtiBh 936 WiffPaUdh4 fitb Bkt fnefhidt By inpGE = &+ 119
gurr%qtoﬂovg rr(};gitio a gggstgnt g\ieragﬁ yiréua dc link voltage can be

gbtamed" ah , as aresult, the Control-felated circuit construction can be

simplified withoutinyolving;sych somppiations,as fpple.oMPUIAtioN.Or ¢ ree-
carrier amplitude modulation. -5-

phase ac input voltage into the specified three-phase ac
output voltage based on the PWM conversion signal denerated
by the PWM conversion signal generating section.

[0007] According to this matrix converter, based on the
output veltage command signal generated by the output
voltage command signal generating section and the signal
representing the current flow ratio generated by the
current flow ratio generating section, the ocutput voltage
command signal 1s corrected by the signal correcting
section. Based on the corrected output voltage command
signal and the carrier signal, the PWM conversion signal is
generated by the PWM conversion signal generating section.
With such a modulation method by input current flow ratio,
a constant average virtual dc link voltage can be obtained
and, as a result, the control-related circuilf construction
can be simplified withcout involving such computations as

ripple computation or carrier amplitude modulation.
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[0008] In one embodiment, given that the input current command signals

are represented by it * , is * , it * and a voltage command is represented

by V,* , assuming that the lowest voltage phase or the highest voltage

phase out of 5 the output voltage comimand signal is a reference voltage,

the current flow ratio generating section generates the current flow ratio

of the maximum phase by 2 VS" mid (i;1,1is 1, ji~ 1 and generates a sum
pbthesqurrent flowJatio efthe naximum phase andihe eurrent flgwratio rrent
of the mid phase by 2 max( 1i;1, is (, it 1). Vs* 10 [0009] In this

emiesimeny; thesgwrent dowdatie skthe- maximum phase as wellas'theang a
sum of the current flow ratio of the maximum phase and the current flow
tatioefthe mitmphaseiare gepetated bydthéeeurrant flowxatiangénegratihgt the
section based on the input current command signal, and the 15 output

veltEge cofrmanb SighafsscofrBcteB Dy USHYARE cifremtflewpaiss out of

Thus, the virtual dc link voltage can_be maintained as a constant dc

Vbitagd [3010] HPoré Smboaiffiem gifd i ivat theSinfut ctirehtEofmiand 298

. ke S
%anlséglr%é%esg?g%i b¥a{tcibls gégelfa'aptgjfg%t section generates the

current flow ratic of the maximum phase by

V-2 mid(

3

and generates a sum of the current flow ratio of the maximum

. R
il

LD

phase and the current flow ratio of the mid phase by

It oo
il l,

5

V:Jawan

5

[O003] In this embodiment, the current fliow ratio of the

L
I)’

).

kd 3

maximum phase as well as the sum ¢f the current flow ratio
of the maximum phase and the current flow ratio of the mid
phase are generated by the current flow ratic generating
section based on the input current command signal, and the
cutput voltage command signal is corrected by using the
current flow raties. Thus, the virtual dec link voltage can
be maintained as a constant dc voltage.

[C010] In one embodiment, given that the input current
command signals are represented by i,.%, is", i.” and that
a phase angle of the input current command signals i. %, i

#

, i:* relative to the output voltage command signal is
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20 a phase angle of the input current command signals ir* , is * , it *
relative to the output voltage command signal is - 6 represented by the
current flow ratio generating section generates the current flow ratio by 2
2 mid(lz,j,ji*j,ji j) = +sin(z/6-0) (where z/6>0z0) sin 0 (where )r/3 >0 z r/6)
_ 73 2 max( li,~,~is~,~i,~) = 1- =(sin 0+sin(r/6-0)). [0011] In this
embodiment, in generating a current flow ratio based on the input current
command %igglakthe Sc rent flow ra\\Ef neratln sectlon looks u; to a
ic ]

§ingfesing gllo?mng Fthersimpiificaton to % chge%/n%ra[ﬁb& gction
ggﬁeeggQ%@img(g, the.carpier signal is - gagg}e wave signal having a

generally constant amplitude. [0013] In this embodiment, the matrix

it o Nt et g 2 S b thel

systems by virtue of its capability,of malntalnlng the PWM modulation
resolution constant. Moreover, thesmatrix convértrdrmaifichithentighgle
wave 15 signal suitable for PW fnodulation is used as the carrier signal,

allows t% 3{5%‘ H Wﬁ’e vynzldttg_m%_j%t ion §81Pf? /%lr_ngjbﬁed.

[0011] In this embodiment, in generating a current flow
ratio based on the input current command signal, the
current flow ratio generating section looks up to a single
sine table, allowing further simplification to be achieved.
[0012] In one embodiment, the carrier signal is a
triangle wave signal having a generally constant amplitude.
[0013] In this embodiment, the matrix converter is
easily applicable to digital counters and comparators by
virtue of its constant carryier amplitude, and suitable for
digital control systems by virtue of its capability of
maintaining the PWM modulaticon resolution constant.
Moreover, the matrix converter, in which the triangle wave
signal suitable for PWM modulation is used as the carrier
signal, allows the circuit for pulse width modulation to be
simplified.

(00147 In one embodiment, the carrier signal 1s a
sawtooth wave signal having a generally constant amplitude.
{0015] In this embodiment, the matrix converter is

easily applicable to digital counters and comparators by
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[0014] In one embodiment, the carrier signal is a sawtooth wave signal
having a generally constant amplitude. 20 [0015] In this embodiment, the
matrix converter is easily applicable to digital counters and comparators
by -7- virtue of its constant carrier amplitude, and suitable for digital
control systems by virtue of its capability of maintaining the PWM
modulation resolution constant. Moreover, the matrix converter, in which

ihe satogth wave » sianaj s used as e cgy i%&%@%%'; [8%%‘%5 éﬁg@éme for

gener%?ioﬁ and modulation processing to be simplified.

Sﬁrwgﬂenégﬂmforg tses; @ hplding seetion forcholding the QuipuUts £y of
VO

ltage command signal corrected by the signal correcting section 10

And.powver sygply veltage infarmationuwheneim the holding seetion constant.
updates the output voltage command signal and the power supply voltage

indermatian, attehdimiag of 2 peakwf the carriensighaklanditke P¥Wooth wave
conversion signal generating section 15 generates the PWM conversion

sigpakbasédonthedutput vohage commiaid sigharand thepewepsupplyrier
voltage information held by the holding section. [0017] In this |
ERTbOBERRERE: UBBEE RS Bipit VoRaEE Scormfhahd i?@neﬁ HierthE erver

supply voltage information is 20 s¥nchronized at the timing of the peak of
ﬁﬂp&gﬁer One embodiment further comprises:

a holding section for holding the output voltage
command signal corrected by the signal correcting section
and power supply veltage information, wherein

the holding section updates the output veltage
command signal and the power supply voltage information at a
timing of a peak of the carrier signal, and

the PWM cconversion signal generating section
generates the PWM conversion signal based on the output
voltage command signal and the power supply voltage
information held by the holding section.

[0017] In this embodiment, update of the output voltage
command signal and the power supply voltage information is
synchronized at the timing of the peak of the carrier
signal, thus making 1t possible fo prevent occurrence of
current distortions as well as to achieve simplification of
the control-related construction.

[0018] According to the present invention, fthere 1is

provided a matrix converter control method for converting a
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signal, thus making it possible to prevent occurrence of current distortions
as well as to achieve simplification of the control-related construction.
[0018] According to the present invention, there is 25 provided a matrix
converter control method for convertinrgga—8- three-phase ac input voltage
into a specified three-phase ac output voltage, comprising the steps of:
generating an output voltage command signal for outputting the specified

;Crhreegnh%?e ac output voltage P)é an 50 tgut voltage.cgmma d si%nal
re —% ase.ac_lﬁgut. oltage ﬁn a %ﬁ cliied QQre ERhase ac
generatimg section; generating as@na representing a currentflow rafio

By AcHrrentflovy ratio generaling sectign based oga specified input

current command signal; ‘correcting, by a signal correcting section, the 10

output voltageyeemmand,signal genersted bytheutputoyollade signal for

command signal generating section based on the output voltage

sommand signahand the-sighatirepiesentiig: the gurrentiow ratid.tage by an
generated by the current flow ratio generating section; 15 generating a

PW i conweisien signaiyret PYWh gbnyersioresignal gengrating section
based on the output voltage command signal corrected by the signal
correcting se€fdrtand Bcarder Sighad land EBHPERING tRE threcCPasa Ac T1loW
¥g¥ggogg9%;ngﬁrrent flow ratic generating section based on a
specified input current command signal;

correcting, by a signal correcting section, the
output wvoltage command signal generated by the output
voltage command signal generating section based on the
output voltage command signal and the signal representing
the current flow ratio generated by the current flow ratio
generating section;

generating a PWM conversion signal by a PWM
conversion signal generating secticon based on the cutput
voltage command signal corrected by the signal correcting
section and a carrier signal; and

converting the three-phase ac input voltage into
the specified three-phase ac output veoltage by a conversion
section based on the PWM conversion signal denerated by the
PWM conversion signal generating section.
[0019] In thig matrix converter control method, based on

the output veoltage command signal generated by the output

voltage command signal generating section and the signal
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20 the specified three-phase ac output voltage by a conversion section
based on the PWM conversion signal generated by the PWM conversion
signal generating section. [0019] In this matrix converter control method,
based on the output voltage commandsignal generated by the output 25
voltage command signal generating section and the signal -9-
representing the current flow ratio generated by the current flow ratio

g}%“%éas“é‘ﬁtsfr%“oghg‘eco‘fc%“ ¥°'£%%%«°°r£‘£‘}a£‘d Si%‘ﬁéiise%o%e‘“%?ebycurrent
& Signal correcting section. Based- on the corrdcted 6u put V(}/Itagé

gommang.signaland fhe ?n%a”éeé Signal, the EWM modylation sigpal i mmang

generated by the PWM modulation signal generating section. With such a

mogulationsmethad-by: input currest flowdatio, @ eerstant averade ¥itualpased
dc link voltage can be obtained and, as a result, the control-related circuit
eanstruetion can erHY simplifiec without inyelviagsushdonsputationssasd the
ripple computation or carrier amplitude modulation. [0020] As apparent
frenrtheraboverdebcription, &6ebrdingutoatheanatrix goavertef aggtiggated by
matrix converter control method of the invention, there can be realized a

ffaetrinE T copiBiet ia Whichitesdontienedatet drcaR €bASRuctidhl Ban pech a

simplified without involving such computations as rip%e computation or
F

Eafiet AmipitudeShottiatisn, BRIEF CESERISTIONOF RS, 2 constant

Qég%ggg3§irtual de link voltage can be obtained and, as a

result, the control-related circuilt construction can be
simplified without invelving such computations as ripple
computation or carrier amplitude modulation.

(00201} As apparent from the above description, according
to the matrix converter and the matrix converter control
method of the invention, Tthere can be realized a matrix
converter in which the conftrol-related circuit construction
can be simplified without involving such computations as

ripple computation or carrier amplitude modulation.

BRIEFEF DESCRIPTION OF THE DRAWINGS
[0021] Fig. 1 is a constructional view of a conversion
section of a matrix converter according to an embodiment of
the present invention;

Fig. 2 is a block diagram of a control section of

the maltrix converter;
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20 [0021] Fig. 1 is a constructional view of a conversion section of a
matrix converter according to an embodiment of the present invention;
Fig. 2 is a block diagram of a control section of the matrix converter; -10-
Figs. 3A-3F are charts showing wavefdrins of individual sections of the
matrix converter; Fig. 4 is a chart showing turn-on timing of the matrix
converter; 5 Figs. 5A and 5B are charts of signal update timing of the
matrix converter; Figs. 6A-6D) are charts showing signal update timipg_of
occurrence o &igtgo‘rtiong;%g’% is"a %iag?gr%rs%sowiﬁgl 3"%6? circt %?%?8 of

PHISERHEN Céfgal!a_%@s 8 i3 a.black diagram of a,control section in a

matrix converter which is a comparative example; Figs. 9A-9F are charts

showing wavefogms af individual segtions of theymatiix-converer ke Figs the
10 is a chart showing turn-on timing of the matrix converter; Fig. 11 is a
diagram showisg@:lpgic circuit of the matrix converter; Figs. 12A-12D are

charts showing signal update

Figs. 5A and 5B are charts of signal update timing
of the matrix converter;

Figs. 6A~6D are charts showing signal wupdate
timing of occurrence of distortion;

Fig. 7 is a diagram showing a logic circuit of a
pulse pattern circuit;

Fig. 8 is a block diagram of a conitrol section in
a matrix converter which 1s a comparative example;

Figs. 9A-9F are charts showing waveforms of
individual sections of the matrixr converter;

Fig. 10 is a chart showing turn-on timing of the
natrix converter;

Fig. 11 is a diagram showing a logic circuit of
the matrix converter;

Figs. 12A-12D are charts showing signal update
timing of occurrence of distortion;

Figs. 13A-13D are charts showing effects of

carrier cycle in various switching states;

DETAILED DESCRIPTION OF THE INVENTION
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20 timing of occurrence of distortion; Figs. 13A-13D are charts showing
effects of carrier cycle in various switching states; DETAILED
DESCRIPTION OF THE INVENTION -11- [0022] Hereinbelow, the matrix
converter and the matrix converter cefittel method according to the
present invention will be described in detail by way of embodiments
thereof illustrated in the accompanying drawings. 5 [0023] Fig. 1 is a

nstructiona)_view, of a matrix .converter according to one embodiment of , .
803 Ention 55 SHoRi rig. L. nE Db phage 1 finse-pHaLe s =~ "

gnverer.has iyee. a¢ syitches connected g individyal PRASEs of & nyention

three-phase power supply, respectively, in steps 10 of output phases, with

fiview {0 obfgining watiable, voltages) and, vafiablefrequensies®¥hts thereof
controlling the connection phase and time as required. [0024] This matrix
converters asshown-indFigedorpelugesq conyeitegsection 1 composed of
switches Sur, 15 Sus, Sut, S"r, S"s, Svt, Swr, Sws, Swt, and a control

$00t 2 (shaviry in Fig. 2)for sutputtieg sigraistoeturn var@andodif the matrix
switches Sur, Sus, Sut, Svr, S"s, Svt, Swr, Sws, Su,t of the converter

seEfici LEf002ST R thEnébnberterseidpell idrphdsevoltalye yEndophien. »As

three-phase ac input voltages derived from a three- ,
shown in Fig. 1, he three-phase fto three-phase matrix

converter has three ac switches connected te individual
phases of a three-phase power supply, respectively, in steps
of output phases, with a view to obtaining variable voltages
and variable frequencies by controlling the connection phase
and time as redquired.

[0024] This matrix converter, as shown in Fig. 1,
includes a converter section 1 composed of switches Syu.,
Suss Suts Svrs Sves Sves Sucer Suss Swe, and a control
section 2 (shown in Fig. 2) for outputting signals to turn
oﬁ and off the switches S.:, Sus, Suts Svrr Sver Sves Sucs
Swss Swe 0of the converter section 1.

[0025] In the converter section 1, a phase veltage v;
out of three-phase ac input voltages derived from a three-
phase ac power supply 3 1is inputted to one end of each of
the switches S.,,, Svr, Swr, & phase voltage vy out cf the
three-phase ac input voltages is inputted o one of each of
Suss Svss Sws, and a phase voltage v: out of the three-

phase ac input voltages is inputted to one end of each of
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phase ac power supply 3 is inputted to one end of each of the switches
Sur, S"r, Swr, a phase voltage vs out of the three-phase ac input
voltages is inputted to one of each of Sus, Svs, Sws, and a phase voltage
vt out of the three 25 phase ac input valfages is inputted to one end of
each of -12- S"t, Svt, Swt, respectively. The other ends of the switches
S"r, SUS, S"- are connected to an output terminal of the phase voltage v.,

e other ends of the sw}!ﬁtches c%\:/irvg S, Svt are conne teqfto gn(%gzsutputf the
erhfinaléf'the 5 phase vgﬁfgee VI, an ¥he other'énds of the switches §Wr,

%‘(é;%% farg connected tg an qutput tgrminal.of the phase voltage W yiinal

so, Fig."2 shows ablock diagram of the control section 2. 10

10027} Eheconieol seation as shown in Hgndringludes: adinewoltage: tches
control command signal generating section 11 as an example of an

output ¥oltggescommaard signabgererating sectiem forgenetatingralinec £ the
voltage control command signal based on output voltage command 15

pignats Wl,tde e | Vv, * ardlan: imputiditage ardpl; afcurtent flowtraties S :
generating section 12 for computing a current flow ratio based on input
BurrentSscommand SighaFiE beds £0 it an aiehiHand Sighanédmputinge phase

section 13 as an example of a signal correcting section for computing a
voltage vy.

fOD26] Also, Fig. 2 shows a block diagram of the control
section 2.

[0027] The contrcl section 2, as shown 1in Fig. 2,
includes: a line voltage control command signal generating
section 11 as an example of an output voltage command
signal generating section for generating a line vwvoltage
control command signal based on output voltage command

* *

Signals Vo ’ Ve r Vi *

and an input voltage Vyiga?! 2
current flow ratic generating section 12 for computing a
current flow ratio based on input current command signal i,

*,01.%, i:® ; a command signal computing section 13 as an

example of a signal correcting section for computing a
maximum phase + mid phase command signal and a mid phase
command signal based on a line vocltage control command
signal generated by the line voltage control command signal
generating section 11 and a current flow ratic computed by
the current flow ratio generating section 12; an S/H

(sample-hold) section 14 for updating and holding a maximum
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20 maximum phase + mid phase command signal and a mid phase
command signal based on a line voltage control command signal
generated by the line voltage control command signal generating section
11 and a current flow ratio computed by3the current flow ratio generating
section 12; an S/H 25 (sample-hold) section 14 for updating and holding a
maximum -13- phase + mid phase command signal and a mid phase

command signal derived from the command signal computing section 13
BB S adhrg TR A R g ") §omand
which has,a carrier signal generation 5 circuit. 20 for ge ' e ier
g e o A e pr o 1

qud phase, gomymand signal held by the S/H.gection, 14 and-the cargercarrjor

signal, as well as a comparison between the mid phase command signal
andthe cauier signal,an $4 (saraplerhold):1Q section16 fosripdadiggeration
and holding power supply voltage phase information Vmax, Vmid, Voris,

and areferente Yoltage oXiyratta timinglof a peak-aka casriemsignabnd which
derived from the carrier signal generation circuit 20; and a pulse pattern
gerdrating saction7Zféisgenérating arpuise 1 Bipritarin IVME eorivétdidnphase
signal) for turning on and off the switches S"r, Sus, S"t, Svr, Svs, Swt,

SWHISHE, Swbased  ®htoRipakiBsn redlits REMPR chfrictRdmpafisGRrrier

section, 15 and the power supply voltage phase information Vmzx, .
signal, as wePl as epycompgrfgon. ge{weenA he 'mid phase

command signal and the carrier signal; an S/H (sample-hold)
section 16 for updating and holding power supply voltage
phase information Vyax, Vwia, Vein and a reference voltage
X/Y at a timing of a peak of a carrier signal derived from
the carrier signal dgeneration circuit 20; and a pulse
pattern generating section 17 for generating a pulse
pattern (PWM conversion signal) for turning on and off the
switches Surs Suss Su:zsr Sves Svss Svts Surys Swzs Sw: based
on compariscon results from the carrier comparison secticn
15 and the power supply voltage phase information Viax,
Viid, VYm:n and the reference voltage X/Y held in the S/H
section 16.

[0028] The command signal computing section 13 has a
maximum phase + mid phase command signal computing section
13a for multiplying a line voltage contrel command signal
derived from the 1line voltage control command signal

generating section 11 by a maximum phase + mid phase
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Vmid, Vmi and the reference voltage X/Y held in the S/H 20 section 16.

(0028] The command signal computing section 13 has a maximum phase

+ mid phase command signal computing section 13a for multiplying a line
voltage control command signal derivédifrom the line voltage control

command signal 25 generating section 11 by a maximum phase + mid

phase -14- command signal, and a mid phase command signal computing
section 13b for multiplying, the line voltage control command si rial by a .
FPARSe Eafhahd stdral. Jode Tl?ggégr?ierc%nnrﬁlsgr soﬁ}”s%%%on fg%}ﬁg g
the pulse 5 paftern.generating secti 7 constitute,a PW Versio
g%%%f”agnerg?i}ﬁg sg%ﬁon.mA gg,ltﬁggé;h%sec%%% 14%21(? theM OS%/(I?-I'I}isf%:tior% ontrol

L6:6pnsHuLe a,hold section, (203G {ComparativeExample) Fig. 8 shows

a block diagram of a control section 10 in a matrix converter which is a

tompenative example. dtise notedrtbatithednatide eenverter shewd indkig. $ulse
is given for an easier understanding of the present invention, and neither
adnownror peioe adtnora matrixiconveérier oftise dnverdion. I5¥008L) T sion
control section of the matrix converter in this Comparative Example, as
showa In Bign8 rintlues: e dihevoktage’éstrol EBamand sigak-ion 14 and

%enerating section 101 . .
he 3/H section 16 constitute a hold section.

[0030] {Comparative Example)

Fig. 8 shows a block diagram of a control secticn
in a matrix converter which is a comparative example. It is
noted that the matrix converter shown in Fig. 8 is given for
an easier understanding of the present invention, and
neither a known or prior art nor a matrix cconverter of the
invention.

[0031] The control section of the matrix converter in
this Coumparative Example, as shown in Fig. 8, includes: a
line voltage control command signal generating section 101
for generating a line voltage control command signal based
on output voltage command signals Vv, * , v, , Vv, * and a
current distribution ratic 'a'; a voltage ripple computing
section 102 for computing a voltage ripple based on input
voltages Vemaxs, Vamids Vmins a current distribution ratioc
computing section 103 for computing a current distribution
ratio "a' based on input current command signals tmax

igsa ™, imin 7 a command signal computing section 104 for
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25b

for generating a line voltage control command signal based on output
voltage command signals V. *, V, * , Vw * and a 20 current distribution
ratio 'a'; a voltage ripple computing section 102 for computing a voltage
ripple based on input voltages Vmax,-¥&idi Vmin; a current distribution
ratio computing section 103 for computing a current distribution ratio 'a’
based on input current command signals i"ax* , 25 imid * , imin * ; a

command signal computing section 104 for -15- computing maximum
S b i T MR AL e R

signal based gn a line yoltage, contrgl command signal generated by the,, ¢
fing vgﬁlflage control commandjsignaijgeneratmg section 11 and a current

2 distribytion ratip.a' computed by the cuprept distikutiopy patio] GMPULRY + 2 ge

section 103; a carrier comparison section 105 which has a carrier signal
generayon sisewit£20 forggenergling a-carver sigral end which perfarmsirrent
a comparison between the maximum phase + mid phase command signal

10 gerved froomtheacormomant signalhcomputing Seetion6drandithe ribution
carrier signal, as well as a comparison between the maximum phase
cerhimandsignat and tiecdriien sighal; a sswitehingssectionnoegfsen section
outputting a switching signal based on a comparison result from the
édrfieMbdifiparisoh 15 <Settion AD5SaV S sETGH 857 8t uptafing and 2 for

holding voltage command phase iniorma ion.Or derived from the line .
generating a carrier signhal and which performs a comparison

between the maximum phase <+ mid phase command signal
derived from the command signal computing section 104 and
the carrier signal, as well as a compariscn between the
maximum phase command signal and fhe carrier signal; a
switching section 106 for outputting a switching signal
based on a comparison result from the carrier comparison
section 105; an S/H section 107 for updating and holding
voltage command phase informaticon 6r derived from the line
voltage control command signal generating section 101 and
power supply voltage phase information Viax, Viidas Vain
based on a Bas-level switching signal from the switching
section 106; an S/H section 108 for updating and holding a
reference voltage X/Y based on a Top-level switching signal
from the switching section 106; and a pulse pattern
generating section 109 for generating a pulse pattern (PWM
conversion signal) to turn on and off the switches Su:,

Suss Sutsr Sves Svss Svits Swrs Sws, Swt cof the conversion
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voltage control command signal generating section 101 and power supply
voltage phase information Vuax, V" d, V _" based on a Bas-level
switching signal from the switching 20 section 106; an S/H section 108 for
updating and holding a reference voltage X/Y based on a Top-level
switching signal from the switching section 106; and a pulse pattern
generating section 109 for generating a pulse pattern (PWM conversion

signal) to turn on and off the switches Sur, 25 Sus, Su-, S'r, S"s, Stet, _
it ERR. SHF the LBnversiGRE- settion 6aesseﬁ§ n a§ oor%Li‘pa};ige carrier

son

é%?ﬁ‘#%fé%gs‘éﬁe car erogorpger%%n gggiona@%a wellgs the v #%ggnd phase
command phase information er and the power supply voltage phase

infermation Vmax,gymid, ¥min apd the teference Moligge X/ gheldin thenase
S/H sections 107, 108. [0032] The carrier signal generation circuit 120 of

ther cariaricomparison section 105, perferms amplituges madidationafaye x/v
carrier signal based on a voltage ripple signal derived from the voltage

rppte compltengsgettionc 1002, {0033] Figs. 9A-9F show waveforms of
individual sections by the matrix converter control method of the

OCvpaZarative Example nwheresthgtingutpower Fadtonisaissaried tddde L the
and the output frequency is assumed as equal to that of the 15 power
SApEIY 8T sinfERAE 8RS, In AR with 1 0> performs  amplitude

modulation of a carrier signal based on a voltage ripple
signal derived from the voltage ripple computing section
102.

[0033] Figs. 9A-9F show waveforms of individual sections
by the matrix converter control method of the Comparative
Example, where the input power factor 1s assumed to be 1
and the output frequency 1s assumed as egual to that of the
power supply for simplicity's sake. In this case, with
regard to a magnitude relationship of three-phase ac
potential, the mid phase potential is inverted in polarity
in every 60-degree phase angle. Therefore, under the
condition that based on the pclarity of the mid phase
voltage {positive: region X, negative: regicn Y}, a
reference waveform (minimum phase for the region X, maximum
phase for the region Y) is changed, potentials with respect

to the reference waveform are

X B, = VoV

min ?

Y : E. = V-V Epy = V.,

max min X ? wid

E ] = Vmid ——V

wiid min
-V,

max
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regard to a magnitude relationship of three-phase ac potential, the mid
phase potential is inverted in polarity in every 60-degree phase angle.

- Therefore, under the condition that based on the polarity of the mid phase

20 voltage (positive: region X, negative: Tegion Y), a reference waveform
(minimum phase for the region X, maximum phase for the region Y) is
changed, potentials with respect to the reference waveform are X : Emax
=rT'max -'min, Emid = TV iq%- V Y Emax = Ymin - T,V Y, max ,
ERBRF, 2 ¥ it BUHTE-172erd it i€ CRaBroradt it fws P s e
pebigined. {034l Maanwhile. withegpedt 1o fhe command Sgnal &1,
o-phase modutation waleform resuli g from dividing a three-phase
voltage, garamandi By a0minimum-phasesis used.In:S this casenin 8y ding a
region Y, in which the potential becomes negative, the polarity is inverted
to,ebanga.aver the 1wavefops:iaone nesulting fromndivision by the used. In
maximum phase. From matching of the output voltage polarity in this
whay s theadryal ide linkevoltage sesuits inma 18 refatidhshipexpressed byecones
the following equations: X Em. = Vmax - Vmm , Emid = Vmid - Vmm Y :
BEATRES vEVNinthem pEmd £ Y (VAB -Vavsd)bwHerd pulsainfTarreriter  the

by two potentials shown in Fig. 9B L ,
waveform to one resulting from division by the maximum

phase. From matching of the output voltage polarity in
this way, the virtual de¢ 1link wvoltage results in a

relationship expressed by the following eguations:

X K max Vmax - Vmin > Emid = sz’d - Vmin
Y : Emax = - (V;nin - Vmax )9 Emid = - (Vmid - Vmax )

where pulsating currents by twe potentials shown in Fig. 2B
are modulated.

[0035] Next, tThe method for apportioning the command
signal into two signals 1s defined by the current
distribution ratio, which is a ratio of the mid phase
current to the maximum phase current. Given a semi-cycle T
of the carrier signal, a time T¢ from a peak of the carrier
signal to a switching to the mid phase, and a time T; from
a peak of the carrier signal to a switching to the maximum
phase, the current distribution ratio 'a' is expressed by

a = C2,/C1

Cl = T-T,
c2 = T,-T,
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are modulated. [0035] Next, the method for apportioning the command

signal into two signals is defined by the current 15 distribution ratio, which

is a ratio of the mid phase current to the maximum phase current. Given a
semi-cycle T of the carrier signal, a timesTo from a peak of the carrier

signal to a switching to the mid phase, and a time Ti. from a peak of the

carrier signal to a switching to the maximum 20 phase, the current

distribution ratio 'a’ is expressed by a=C2/CICI=T-T, C2=T -To. -18-
fthidddse HetauSe 6rHE expresiGn S L fEWaFtattdr of 1 PIRESati6a c T
of_phase_voltage is used in Fig. 9A, [0036] Time ratios of connection to the
e Sdc” s itae B 16 14 (haSe TEoSare et amety

o S4pllowing.equations. Ia thisccoppegtion, sifce the PANMYNPRASE phase
value 1S multiplied by a voltage command value and the mid phase value
isgnuliiphied:byja eyrrent distripHtior ratio,aaverage viituad #ailinka by  the
voltage is defined by a value resulting from addition of the mid voltage to

thel 16wnaxinedm yoliags at aleurtent distribitiontratia., Max npleasere( T imun
)T =Vs*/V,,; ... (1) Mid phase (T,-T7)/T =aV,*/V,n. (2)

phase value is multiplied by a voltage command value and

the mid phase value is multiplied by a current distribution
ratio, an average virtual dc link voltage is defined by a
value resulting from addition of the mid voltage to the

maximum voltage at a current distribution ratio.

Max. phase C (T=-THST = V'V, - D
Mid phase : (L=-TH/T = aV /V, - (2
Max. + mid phase @ (T~1,)/T = (1+a)V, V., - (3)
Carrier amplitude : V,, = E_, +aFE,,
[0037] In this case, for the region X, the phase of the

lowest voltage ocut cof the output voltage command signals V,

*

* v, Y, Vu© is assumed as the reference voltage V. ™ ,

while for the region Y, a voltage command in which the
phase of the highest voltage out of the ocutput voltage
command signals V., V. ¥, V,* is taken as the reference
voltage is assumed as V., ™ .

[0038] Therefcre, the pulsating current is compensated
by amplitude modulation of the carrier signal with the
average virtual dec link wvoltage, and then PWM modulation

through carrier comparison 1s performed with twoe command
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Max.+mid phase : (T-To )/T = (1+a)V*/V,, (3) Carrier amplitude : V,; =
Em. +aEm,a [0037] In this case, for the region X, the phase of the lowest
voltage out of the output voltage command signals V" *, V"* , Vw* is
assumed as the reference voltage V,*} $hile for the region Y, a voltage
command in which the 15 phase of the highest voltage out of the output
voltage command signals V,* , V"V, is taken as the reference voltage is

assumed as VS* [0038 TherefQEre the%pul%(t}ip\%curren is conl%ensa@
i

d .
Bg}% fudR mSaitato t(%fotﬁe éhérrlijérr]“ grs1al With the l:%/'erage'virtuarf this

dg gk valiage g thenPYYM mogulation rough,carriencomaarison e e

performe two comma signals at conduction timing shown in

Fig 1040 this: gase, patiemseigating 4@ ona-phase portions aftheysing the

maximum, mid and minimum phases are isolated by using the following
lngicaleguations; Max. phaset Yoa{Ym <V") Mira. phase : Z = (T ,,; > (1
+a)V*) Mid phase . Y = (X U Z). 5 [0039] With respect to the input phase

of ﬁ?nnzj%%\, as shoX,vn in Fd'Ig. 11;-9ate signals for the respective
switched are apportioned by Tdgical’circuits based on logic signals
shédiinghaeemagnitudé refatidhshipstaniang the individual

Mid phase D Y = (XuZ).
[0039] With respect to the input phase of connection, as
shown in Fig. 11, gate signals for the respective switches
are apportioned by logical circuits based on logic signals
showing the magnitude relationships among the individual
phases.
[0040] In the matrix converter o¢f this Comparative
Example, since modulation is performed by multiplying both
command signal and carrier signal by factors with the use
of the current distribution ratlio 'a', there has been a
problem that the control configuration or computations
would be complicated.
{00411 In the matrix converter of the Comparative
Example, the ratio of the mid phase to the maximum phase
would be defined as the current distribution ratio.
However, in the present invention, the current 1is
distributed with a normalized current value.
[0042] Figs. 3A-3F show normalized current waveforms in

the matrix converter of the invention, where i1t 1s assumed
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phases. 10 [0040] In the matrix converter of this Comparative Example,
since modulation is performed by multiplying both command signal and
carrier signal by factors with the use of the current distribution ratio 'a’,
there has been a problem that the cortr®l configuration or computations
15 would be complicated. [0041] In the matrix converter of the
Comparative Example, the ratio of the mid phase to the maximum phase

|d be defined as t t distribution ratjo. H Jn th t
Bhtion (16 EUROACE" 20 rstibufBeh A & oAbl LN Uafias o 21

igs. 3A:3F w; normali urrent eforms | matrix.
%%%%‘%rg%f ?@%v%oﬁ%w%?%ﬁ?%gas%me E){ZOI(E-{FtLrF?at %hé%%ng wi%%%: e the
is-applied todhe saaximuim phase.and ghunting with G2 is aprliedde ther  the
mid phase. Since the maximum phase is assumed as 1 in the method of

ther doregaingCaippatative £ Xamte, rayltipling -y facionef 52/4&0tor of
set 1 on the boundary of the region X and the region Y causes flow ratios
ardng the individial phaseéhto beexpeesgedlfy thedollowingon X and the
relationship: Max. phase (T -T )/T=VSmid ;s ~) (4) Mid phase (T-T

YEE VI X mifE as ~£ joir @atBEyvarorthidphased@vieys E yhases to
max( ~i, ji*j, ji~ ) (6). . . .

be expréssed by the following relationship:

Max. phase . (T-T)/T = V:%mid( P e ()

Mid phase . T -T)/T = Vf%m( FLLIED )

Max. + mid phase : (T-T)/T = V:%max( PLELED e (6).
[0043] In this case, for the region X, the phase ©f the

lowest voltage out of the output voltage command signals V,
*, V., V.* 1is assumed as the reference voltage V. * ,
while for the region ¥, a voltage command in which the
phase of the highest wvoltage out of the output veltage

*

command signals v, %, v.*, w°*

is taken as the reference
voltage is assumed as V. ¥ . Although a sum of flow ratios

of the maximum phase and the mid phase becomes over 1, the

3

cos30° = —
2

voltage control rate of the maximum voltage command results
from the virtual dc link voltage waveform as:
Thus, the maximum wvalue of flow ratios results in 1

eventually.



1¢C

15

[0043] In this case, for the region X, the phase of the lowest voltage out of
the output voltage command signals Vu 10 *, V" * / Vw * is assumed as
the reference voltage VS *, while for the region Y, a voltage command in
which the phase of the highest voltagezaudt of the output voltage
command signals V,* , Vv* , Vw * is taken as the reference voltage is
assumed as V,s* . Although a sum of flow ratios 15 of the maximum

se and the mid phase becomes over 1, the cos30' . 2 voltage control _ ,
8% e ma Pl <o FaS ot e 0 ik

t w : Thus, i alue of flow_rafi S i
ety 1 ToO Mg St Hotenile of the e e Inic gy= . o
thenaboye flewyatio sesults inan avgrage.virgal do, ipk yeltage voltage is
waveform. Since a constant dc voltage is obtained as shown in Fig. 3F, it
eat herundersioodibanS amplitude medylation of ke easriansignal @sda that
the Comparative Example is unnecessary. [0045] Fig. 4 shows a chart for

explainingithe rcoddlieticrotiming destribed-abovie: At the goadluciion in  the

timing shown in Fig. 4, PWM modulation by carrier 10 comparison is
peffpawedive Example 1s unnecessary.

{0045] Fig. 4 shows a chart for explaining the
conduction timing described above. At the conduction
Timing shown in Fig. 4, PWM modulation by carrier

comparison is performed.

[0046] Next, 1t is shown that the same results as in the
Comparative Example can be obtained by the method of the
invention. It is noted that the power factor is assumed as
1, and the description will be given by phase voltage.
[0047] For intervals with the phase angle ranging from

30° to 60°, it follows that
E.. = Viwx—Vo =V -V, = -\%—(cos@r —cosf,) = cos¢g
Emia‘ = Vmid o Vmin = 175 - V; = “\/l‘é-“(COSgs - COS@:) = COS(¢ - E/3)

In this case, since



[0046] Next, it is shown that the same results as in the Comparative
Example can be obtained by the method of the invention. It is noted that
the power factor is assumed as 1, and the description will be given by
phase voltage. 15 [0047] For intervals-with the phase angle ranging from
30 to 60, it follows that Emax = Vmax -V.. = Vr -V =v (COSOr -COSO,) =
COS( Emid = Vmid -Vmin =V, -V =1 (cosov -c0s0O,) = cos(O-7C/3). In
this case, since -22- a cosBs = COSB,. B-,z/6 . _COSO V, =1C0OSB2V,
=cosBs = | cog(§ 4=), V,==cos8,=Icos(8+23 ) modifying Equation (1)
results éh 1~ 1 fax +aEm;a cosB COSO + s cos(- z/3) COSOr. COSO,
CoSB, coso+CE88& c0S(0-7r/3)

$ = 6-16

V, ==

i
e COSH = =086
3B

1 1 2w
V =—c0s8 =—=cos(d ——),
5 \/5 5 \/5 ( 3)
1 1 2
V. =—cosf =—=cos(f +—
t '\[g 3 ’\/5 ( 3)

modifyving Eguation (1) results in

1 1
L + 9E g coSg -+ cost, cos(d— m./3)
cosd,
_ cosd,
- cos8, cos¢ + cosf, cos(gp—/3)
3 cosd,
 sin(7/ 3 —@)cosd+sin peos(g— 773)

2cosb,
sin /3 +sin( 7,3 — 28) +sin(26 — 1,3) +sin 7,73

2
—=C0s8 .
3T

{oo481 Accordingly, the mid phase flow ratio is

a 2
T ————— _COSGS
Emax + aEmi’a’ '\/§

and the sum of flow ratics for the maximum phase and the

mid phase is

1+a 2
-_— I —————COSQf
Emax +aEmz'd ‘/g

thus consistent with Equations (4), (&) and (6).
f0o049] The matrix converter of the invention shown in

Fig, 2, as compared with the matrix converter of the
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COSO, sin(z/3 - 0) cos0 + sin 0 cos(O -;c/3) 2cos8, sin,r/ 3 + sin(r/3 - 29)
+sin(28 - z13) + sin ;r/3 2 COSB,. [0048] Accordingly, the mid phase
flow ratio is a 2 cosBs E. + aEm;a and the sum of flow ratios for the
maximum phase and the mid phase isZ%a 2 cos8 Em. + aEm;a 5 thus
consistent with Equations (4), (5) and (6). [0049] The matrix converter of
the invention shown in Fig. 2, as compared with the matrix converter of
the -23- Comparative Example of Fig. 8, becomes constant in average

Girttiaf dé ink GoltagE Rlifmindting the nBedS firBiGcks© a8Sodated Withther 29 e
e IR g, ST s By ey
ate.8hqwn a3 blpcks fog feterpining qurrentiiow.ratios, ¥et 1S al50 ang  the
carrier amplitude modulation, so that its construction can
be simplified.

[0050] Althcugh Equaticns (4} and (&) are shown as
blocks for determining current flow ratios, vyet it is also
possible te further simplify the construction by looking up
to a single sine table for the determination of mid and
maximum values with the use of a phase angle ¢ within the

region X or region Y:

2 N o2

mid([ L[ LD = sin(7,6— where /6> ¢ =0
) ( ) 5 ( ) ( $=0) .
2
= ——==Sin where 173> ¢ 216
: ¢ ( ¢ )
—z—max( i) = l—mgm(sin¢+sin(7r/6~¢)) (8)
‘\/’5 re sk Tt \/5 .
[0051] Also, a case with the power factcr of 1 only is

shown above, and the switching of the region X and Y is
performed by referencing the polarity of the mid phase of
the power supply voltage (three-phase ac input voltage}.
However, when the input power factor is wvariable, it is
also possible to control the power factor by switching with
a phase of the mid phase to which a phase difference is
added.

[0052] In the matrix converter of the Comparative

Example of Fig. 8, because the voltage command has a two-
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possible to further simplify the construction by looking up to a single sine
table for the determination of mid and 10 maximum values with the use of
a phase angle (~ within the region X or region Y: 2 =2 mid(ji; j, 11* 1, jig)
73 sin(7t/6 -O) (where T/6>0? O) (7) -22- sin0 (where ,z/3>0zis/6) 2
max((i; (ist ~) = 1- 2 (sin 0 + sin(fz/6 - 0)) ... (8). ,~5 F3 [0051] Also, a
case with the power factor of 1 only is shown above, and the switching of

the region d.Y is performed by referencing the polarity of the mid .

BASE o FS s 08 SHpbiy 6Tt (ihec BHHgall B Jokdge), e mid
- or | . itis al Dot

D et ity B v S e g co P

whigh a phage difference i, added; 29 [0052]4R theimatrix:canverteQfces is

the Comparative Example of Fig. 8, because the voltage command has a
e f24-nphdase tnoddlation waveferm,ife maximem phase anghthenetid as a

phase out of the voltage command are subjected to PWM modulation,

and sppertidaning to thezindividbaphasgs:is synchronism between power
supply freguency and carrier frequency 1s not ensured,
updating timing is limited to the reference voltage X/Y,
the voltage command phase information 8r and the power
supply voltage phase informafion Vipaxs Vmids Vmin -«

[00531 Figs. 12A to 12D show timings at which distortion
occurs in a case where the matrix converter of the
Conparative Example 18 asynchronous. In this case,
distortion occurs to three points of change, i.e. change of
reference voltage, phase shift of the two-phase modulaticn
waveform, and phase shift of the power supply voltage
(current) .

[C0B4] Figs. 13A to 13D show effects on the above
changes in individual switching states (maximum, mid and
minimum) of the carrier cycle. These figures are shown by
single-phase output for simplicity, where the phase having
cnly one phase short-circuited by bold line is the 120°
conduction phase of the two-phase modulation waveform while
the other is any two phases. In the initial state, 1t is
assumed that the maximum, mid and wminimum voltages

correspond to r phase, s phase and t phase, respectively.
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performed by using phase information Or. Further, as a 5 measure for a
case where the synchronism between power supply frequency and carrier
frequency is not ensured, updating timing is limited to the reference
voltage X/Y, the voltage command phase information Or and the power
supply voltage phase information Vmax, Vid, Vm,j,,. 10 [0053] Figs. 12A to
12D show timings at which distortion occurs in a case where the matrix

Elsq\g%rier of the Cj)on@grattlve E%(arcgqgle ds aéxnchrocnou In thls s case, phase

n occur$ 16 three pointS of chahge, 1.6, ¢h ange o reference

Ygg% Qk}@sglzqflft %g‘)e two-phase modulation 15 waveform, and phase
shift of the power supply voltage (current). [0054] Figs. 13A to 13D show

effects on thepgbove changes:dn inpdividusl switehing/states,(Ra¥mUMy ol tage
mid and minimum) of the carrier cycle. These figures are shown by 20
singlerphase oltput fopsimplicitgnwhere thehphase havieg dnlyeneed while
phase short-circuited by bold line is the 120 conduction phase of the
two-phiase modugatidrewavefornawhilé theatiser is any two phasds. drithie As
initial state, it is assumed that the maximum, mid and minimum voltages

QS%%%Eon@&?rﬁﬁﬁstee scﬁrfﬁ%%ea“ndftfﬁ’ﬁ%ls% respectirely’ -25-+(DosBRereas

(1) State of conductlon to the maximum phase (shown |n Fig. 13B)

neither U YV phase changes 1n swit § stadte to the
maximum and minimum phases.

[o0s6] In a case where the conducticn phase and the

switching phase have changed due to a phase shift of the
voltage command phase information 8r, switching between U
phase and V phase causes the state to change from X{+-) to
X (~+) so that the output changes from r phase to L phase.
[0057] With regard tc the power supply voltage phase
information Veaxs Vmiar Vain, when the maximum phase and
the mid phase of the input voltage have been switched (r
phase — s phase), the switch for the U phase to conduct
changes from S, to Sus.

[0058] (2) State of conducticon in the mid phase {(shown
in Fig. 13C)

When the reference voltage X/Y has changed, the
state changes from X{+~) Lo Y{(-+), so that both U phase and
V phase change in switching state.

[0059] As a rzresult of a phase shift of the vwvoltage

command phase information 8r, the state changes from X {+-)
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As the reference voltage X/Y changes, voltage command values of U and
V phases are inverted while 5 switching signals of r and t phases are
switched over. As a result, the state changes from X (+-) to Y (-+),
whereas neither U nor V phase changés-in switching state to the
maximum and minimum phases. [0056] In a case where the conduction
phase and the 10 switching phase have changed due to a phase shift of

glr}]ed %ogjtﬂaﬁge comma ﬁ]gga eoi?;gl)rngjatig%rll]fg)r, sw%tg?inq]betv%%%n U ﬁ%aaegge ‘n

ha%é calses the staté to change from X{+-J to X(Br 30 tha

QHE%I‘EEBQQE% from r phase to t phase. [0057] With regard to the power
supply voltage phase 15 information Vmax, Vmid, Vmi,,, when the

mAdBym phase and the mid phasesghihe inpuiiMoliage baye beeArormation

switched (r phase s phase) , the switch for the U phase to conduct
vhanges/from Sut.to. S, {005811(R) Stade Dfiaendiciion imthe mikphdse phase
(shown 20 in Fig. 13C) When the reference voltage X/Y has changed, the
staté changes frompXEayto ¥&+y, docthat bothtidiphdseamel Wghage for the
change in switching state. [0059] As a result of a phase shift of the voltage
Usieniifaig phasdsormatsrs oF, theState chargesfrom X(+-) -26- to

X6-+2_>, so that both U phase and V phase change in o

[0061] (3) State of ‘conductidn to the minimum phase
{(shown in Fig. 13D)

When the reference voltage X/Y has changed, the
state changes from X{(4+-) to Y{(-+), so that both U phase and
V phase change in switching state.

[0062] As a result of a phase shift of the voltage
command phase information 8r, the state changes from X (+-)
to X(-+}, whereas the switching state does not change
because both U phase and V phase are in the minimum phase.
[0063] With regard to the power supply voltage phase
information Vepaxs Vaids Vain, wWhen the maximum phase and
the mid phase of the input voltage have been switched, the
switching state does not change because both U phase and V
phase are in the minimum phase.

[0084] As shown above, 1in the matrix converter of the
Comparative Example, because of the presence of a mode in
which a change of the signals dces not cause a change of

the switching state, 1t 1s permitted to update the

reference voltage X/Y during the periocd of conduction to
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switching state. [0060] As to the power supply voltage phase information
Vmax, Vm d, Vmin, when the maximum phase and the mid phase 5 of the
input voltage have been switched, the switch for the U phase to conduct
changes from S,, to S,,. [0061] (3) State’ef conduction to the minimum
phase (shown in Fig. 13D) When the reference voltage X/Y has changed,
the 10 state changes from X(+-) to Y(-+), so that both U phase and V

hase change in switching state. [0062] As a.result of a phase shift of the
Isgﬁaggaé{&rlﬁlﬁw%né) %ﬁgéeei fo(rj'l%\fion rd thg%%atevé%{écnag%% frgr%n%ﬁr} td” hase

-ferwgg%% the, switchyr St%_tﬁedoewgszhan%@]\ma%q@3 U hase

phase and V phase are in the minimum phase. [00 regard to the

PaweEsHRRIYYOltage phase, infermatiogmax, Vick e el e switching
maximum phase and the mid phase of the input voltage have been

switchied, the rswitehingsiate daes: ot changethecauseshethdd phase andrent
V 20 phase are in the minimum phase. [0064] As shown above, in the

diattix Comierter of then Compasative Example; betausesof thespresénce Also,
of a mode in which a change of the signals does not cause a change of

e switdifingstatet g peRRitads update the?s réfefendS@sltage XPpltage

during the period of conduction to -27- o ,
command mid phase sgignal that minimizes the conduction

period to the power supply maximum phase (Top) as well as a
voltage command maximum phase signal that minimizes the
conduction period to the power supply minimum phase (Bas).

[0065] In the matrix converter of the Comparative
Example, since the voltage command has a Two-phase
modulation waveform, the three-phase voltage command is not
used, and only the maximum phase and the mid phase are
subjected to PWM modulaticn, where phase information 8r is
used for apportioning to the individual phases. Therefore,
not only the reference voltage X/Y and the power supply
voltage phase information (Viaxs, Vmids Vmint, which are
subject to update limitations to avoid distortions due to
asynchronism, but alsc phase information needs to be
subiject to update limitation. Further, update control
involves the use of two signal levels, 1.e. a mid phase
signal and a maximum phase signal, giving rise to a problem

of complicated construction of the control systemn.
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the maximum phase (Top), and the voltage command phase information
Or and the power supply voltage phase information V,naa, Vmid, Vmin
during the period of switching to the minimum phase (Bas), so that
balance of current 5 distribution withir-##e carrier cycle is ensured. Also,
for the updating periods therefor are used a voltage command mid phase
signal that minimizes the conduction period to the power supply

maximum phase (Top) as well as a voltage command maximum phase .
g%%gﬂhat mi%fﬁniggé) tf%%%%idﬁ&%%r g(T%.\Lrioo tolt%‘erep%.gﬁerrss’up% ygna? input
minimym.phiase (Bag). (9965113 the;matrix conyerter ofithe Gomparafivg  the
g(ampcfe, Ince the voltage command has a two-phase modulation

wayeform, thegptee-phase voltage command s not usedrand orlybeing of

maximum phase and the mid phase are 15 subjected to PWM modulation,
where phase information Or is used for apportioning to the individual

phases. Therefore, not only the reference voltage X/Y and the power

$0pEy Jvoltagerphake infarmationt(Vorax, Ymi,d,Néminj; twhigh arengabjeetr of
to update limitations to avoid distortions due to 20 asynchronism, but also
bhaselinfoifiation needs t6be UHEHR 6 epdatedinitatieh. datherave to be
update control involves the use of two signal levels, i.e. a mid phase

BrBt& e makitBreditase Bighal Giving fiseosa rbbieid oft @ peakx of

%%%]p"g%tre g iCeOJ:n St%“icgr?g lOf tgg Cosr}tlrc?vl\rrszyStlezgn ' _3:53 g. 5, the signal 1is
switched in a state of conduction to the minimum phase. In
this case, the voltage command phase information 6r and the
power supply voltage phase information Vwmaxs, Vuiar Vamin
correspond to updatable timings, whereas the invention uses
the three-phase voltage command, containing phases, so that
update contrcl for the phase information 8r becomes
unnecessary. The power supply voltage phase Iinformation
Viasxs Vaids Vmian 18 updated in synchronization with the
timing of a peak of the carrier signal.

[0068] Also in this invention, the reference voltage X/Y
is updated at the timing of a peak of the carrier signal as
well, The timing of a peak of the carrier signal
corresponds to the minimum phase, where update control
would be performed by level signals, in conventicnal cases,
so that the input current distribution within the carrier

cycle is unbalanced as shown in Fig. 6A and 6B. On the

other hand, as toc the update in the maximum phase, there
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[0066] In the digital control of inverters, signal input and output are
controlled in synchronization with the timing of PWM catrrier cycles in
order to take matching of signal delay time. 5 [0067] In this connection, in
the matrix converter of the invention,-Grbthe assumption that a signal
wave to be modulated is updated and held at the timing of a peak of the
carrier signal as shown in Fig. 5, the signal is switched in a state of

conduction to the mwmumﬁphase. Ighllo thlss%asgéthﬁiv%a%e comn%angO the

%ﬁ%é: fnfdimatiof Ot %nd the Sp‘f‘&/\ilcer su%%ly voﬁage phase informa ion,

vmax, Vm a, Ve, GoLrespepd to updatable timings, whereasthe in rig. ec

invention uses the three-phase voltage command, containing phases, so

that update control for the phase information Or becomes 15

unnecessary. The power supply voltage phase information Vmax, Vm a,

Yon apip updated: iysynchronigation withdhes tiating ofia peakeafdheciming in
carrier signal. [0068] Also in this invention, the reference voltage X/Y is
tupdatedrat¢he timingaoka peakof the darder Signaiag 20 well Thehibsingase,
of a peak of the carrier signal corresponds to the minimum phase, where
Updite EBAREI Wolill behserdinel By 16Vt signaisVifi cofivéitiohal Wavetorm
cases, so that the input current distribution within the carrierq;:%/cl i

HRBAIER coF a8 SRORITH igh GA"Ad BIORINE 25btRG Har i o515 U= o0
ggg%tgl"j th%@a)gm%@s%q%%e’%eé%eas the switching state of the
maximum phase and the minimum phase 1s changed, the
waveform is maintained symmetrical, making it understood
that current distribution of a half carrier cycle keeps
equal, as compared with the updated waveform in the maximum
phase,

[0070] As shown above, update of the reference voltage
X/Y and the power supply voltage phase information Vyax,
Vaids Vmin 18 synchronized at the timing of a peak ¢of the
carrier signal in which the voltage command is updated and
held, thus making it possible %o prevent occurrence of
current distortions as well as to achieve simplification of
the control-related construction.

[0071] In additicon, the update of control information in
the pulse pattern generating section 17 of Fig. 2 can be
provided by using such a circuit as shown in Fig. 7 as an

example.
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-29- occurs no changes in switching state with respect to the changeover
of the reference voltage X/Y as shown in Fig. 6C and 6D. [0069] Changes
in switching state by update timing in 5 this invention are shown in Fig. 5A
and 5B. In this case, with respect to #EXminimum phase level signal,
waveform update is performed at the timing of a peak of the carrier
signal. As a result, whereas the switching state of the maximum phase

-and the minimum phase is changed, the 10 waveform is maintained ,
E}?laligjtrical, %1%%%9 it UAderstood %ﬁ%t cﬁr??\e/ﬁ]]flcﬁstrib%?%\ﬁeo %eﬁ:alf (?afrrierthls

Sygle keeps ffquel?gs %9@99!%%‘1 with the ypdated waveforminthe, ;5 nage

maximum phase. [0070] As shown above, update of the reference

valtage, 15 Y and thepowarsupply voltege phaserinfornations¥mas  input
Vmid, Vm n is synchronized at the timing of a peak of the carrier signal in
wihich=the voftage command is updated=anth held:thus meking it pessibleipple
to prevent occurrence of current distortions as well as to achieve
simglificationof 2Gthe contralgretziéd corstruction. [007L 4 additicmytie tude

update of control information in the pulse pattern generating section 17 of
Figleledniba provideddy (8iAg SoBh Bodirchft bs Wiy L7 asdh can be

example.
simplified.

[0073] Further, the matrix converter is easily
applicable to digital counters and comparators by virtue of
its constant carrier amplitude, and suitable for digital
contrel systems by virtue of its capability of maintaining
the PWM modulation resolution constant.

(00741 Moreover, the matrix converter is enabled to
reduce input current distortions even in cases of
asynchronism of three-phase ac input voltage and carrier
cycle, with a simple construction in which the output
veltage command and the power supply voltage (current)
information are updated and held at the timing of carrier

peaks.
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-30- 00721 According to the matrix converter of this embodiment, the
average virtual dc link voltage is made constant by the modulation
method with the use of input current flow ratio, eliminating the needs for
ripple 5 computation and computations3fior carrier amplitude modulation,
so that the control-related construction can be simplified. [0073] Further,
the matrix converter is easily applicable to digital counters and
comparators by virtue of 10 its constant carrier amplitude, and suitable for
g I Eénﬁ%ﬁ"sﬁ@?m%soy virtue of its capability of maintaining the PWM

modulation r%?"k%ﬁ%@:%%”sé%%%g%é} Mprcover, he P@H§ C%QV{?H% B-phase

enabled to reduce input current distortions even in cases o

asynehranism,gh threpsphase-ac inpub voltageand capiercycle, with@ oy tput
simple construction in which the output voltage command and the power

supply yeltageteurienthdnformation are updated and held at the timing of
carrier peaks. -31- WHAT IS CLAIMED IS: 1. A matrix converter for

converting a three-pheisaaac input tvaltage atouazspécified ¢ghrek-phasecasating
output voltage, comprising:

section {11} for generating an output voltage command
gignal to output the specified fhree-phase ac output
voltage;

a current flow ratio generating secticon (12} for
generating a signal representing a current flow ratio based
on a specified input current command signal;

a signal correcting section (13) for correcting
the cutput voltage command signal based on the output
voltage command signal generated by the output wvoltage
command signal generating section (11) and the signal
representing the current flow ratic generated Dby the
current flow ratic generating section (12);

a PWM conversion signal generating section (15,
17} for generating a PWM conversion signal based on the
cutput voltage command signal corrected by tThe signal
correcting section (13) and & carrier signal; and

a conversion section {1) for «converting the
three-phase ac input voltage into the specified three-phase

ac oufput voltage based on the PWM conversicn signal
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5 an output voltage command signal generating section (11) for

generating an output voltage command signal to output the specified
three-phase ac output voltage; a current flow ratio generating section (12)

for 10 generating a signal representing a-current flow ratio based on a
specified input current command signal; a signal correcting section (13)

for correcting the output voltage command signal based on the output

voltage command signal_ generated by the output voltage 15 command ,
SigRar gerictatig < ‘ﬁoﬁ%‘fﬁ) GRE TR Sigial TepsteBenthathb Turféht figy =108
r(alt'é) gelnﬁzated by the current flow ratio generating section (12); a PWM
canversion ‘signal generating section (15, 17) for generating a PWM
conversion signal based on the 20 output voltage command signal

corrected by the signal correcting section (13) and a carrier signal; and a
ganversion segtian (hhfor converingdhecthreg-phaseacinput veltage intey, 1,
the specified three-phase ac output voltage based on the PWM

eonversion signal -32- generated by the PWM conversion signal

generating section (15, 17) . 2. The matrix converter as claimed in Claim
1, 5wherein given that the input current command signals are

represented by i, , i, %, 1. % and a voltage command is

represented by V.¥ , assuming that the lowest voltage phase
or the highest veoltage phase out of the output voltage
command signal 1s a reference voltage, the current fiow
ratio generating section (12) generates the current flow

ratio of the maximum phase by

3

> :Iz

vt 2 mid(

5

and generates a sum of the current flow ratio ¢f the maximum

- % o
i

)

prhase and the current flow ratic of the mid phase by

V:—}—max( i o i
3

3. The matrix converter as claimed in Claim 1,
wherein

given that the input current command signals are

represented by i.* , i, i.* and that a phase angle of

the input current command signals i.% , 1i.%, i.% relative

to the output wvoltage command signal is represented by ¢,
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given that the input current command signals are represented by it * , i3 *

, It * and a voltage command is represented by V,* , assuming that the

lowest voltage phase or the highest voltage phase out of the output

voltage 10 command signal is a referenge voltage, the current flow ratio
generating section (12) generates the current flow ratio of the maximum

phase by VS mid(li; 1, (is (, lip | ) 73 and generates a sum of the current

flow ratio of the maximum phase and the current flow ratio of the mid
PRESECBY I8 D mb(i; 7815 I TheinAticcotvekteras Caimeithadaifs the
1, Wherelnf%lven that the%ﬁut current command signals are represented

Wﬁmr} Q“‘étnﬁat 4t aphase angle of 20 the input current command

signals |t2 ' j ative to the output voltage command signal is

represe W %f carrep iB(Fafio Qéné}‘éﬁﬁ‘i@ disre@s)

generates the current flow ration_%z 2 mid (i, j, ji ], jij) _sin(,7/6 - 0)

(wherer/6>0z0O) ,F3t-J _si Igymﬁre 113 >(,Qhe,,g/§[)/3 >¢27/6)
\/zgmax( LD = Iwwj_w(smgﬁ+ sin{ 7”6~ ¢)).

4, The matrix converter as claimed in Claim 1,

wherein

the carrier signal is a triangle wave signal

having a generally constant amplitude.

5. The matrix converter as c¢laimed in Claim 1,
wherein
the carrier signal is a sawlbocth wave signal

having a generally constant amplitude.

6. The matrix converter as c¢laimed in Claim 4,
further comprising
a holding section (14, 16) fcr holding the output
voitage command signal corrected by the signal correcting
section {13) and power supply voltage information, wherein
the holding section (14, 16) updates the output
voltage command signal and the power supply voltage

information at a timing of a peak of the carrier signal, and
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max(~i, is ~ k O = 1- 7 (sin + sin(i/6- O)). 4. The matrix converter as
claimed in Claim 1, 5 wherein the carrier signal is a triangle wave signal
having a generally constant amplitude. 5. The matrix converter as claimed
in Claim 1, 10 wherein the carrier sigrakis a sawtooth wave signal

having a generally constant amplitude. 6. The matrix converter as claimed
in Claim 4, 15 further comprising a holding section (14, 16) for holding the
output voltage.command signal cqrrected b% ﬁtge signal (:or_rectirélsgjee section

(13) and power Supply v GIGETHiormtOH S Rareh B A6 Sedtore™ (157

(14 18Lu Qgt:eessth%hoé“.%mz%é’ﬁ'&%%%:‘;Szr{‘msaali‘gdr#%'g”%Bas%%thc?npcﬁ"%eer putput
su pI)?vo age information at a timing of a peak-of the carrier signal, an

v d0g PWM gonvession signal gensrating $ection {la,17) 9601ates e + 5 g

PWM conversion signal based on the output voltage command signal and
therpawansupply.yoltage infermaiinn:hejd bydhediolding section (14, 16).

5 7. A matrix converter control method for converting a three-phase ac
input voltage into a specified three-phase ac
7. A matrix converter control method for converting a
three-phase ac input voltage into a specified three-phase ac
cutput voltage, comprising the steps of:

generating an output wveltage command signal for
outputting the specified three-phase ac output voltage by an
output voltage command signal generating section (11):

generating a signal representing a current £flow
ratio by a current flow ratio generating section ({12 based
on a specified input current command signal;

correcting, by a signal correcting section (13},
the output voltage command signal generated by the output
voltage command signal generating section (11} based on the
output voltage command signal and the signal representing
the current flow ratic generated by the current flow ratio
generating section (12}

generating a PWM conversion signal by a PWM
conversion signal generating section (15, 17) based on the
output voltage command signal corrected by the signal

correcting section (13) and a carrier signal; and



output voltage, comprising the steps of: generating an output voltage
command signal for 10 outputting the specified three-phase ac output
voltage by an output voltage command signal generating section (11);
generating a signal representing a currgpt flow ratio by a current flow ratio
generating section (12) based on a specified input current command
signal; 15 correcting, by a signal correcting section (13), the output
voltage command signal generated by the output voltage command

signal generaﬁr?élg@EtW?l13%%55&5???ﬁ?h&ﬁﬁut%'ltéﬁé’%mwn%age into
signaland the sigralrepreseriing the cuent fou o genrated g, o,

curren ratio” 2 gener r?‘g secatf:ono(li ?;Ugenera I

conversion signal by a,PYWM . canvergion. signal gepgraling sectign il aced by
17) based on the output voltage command signal correctéd by the signal
corsecting sestipn (d3) Andacarrieysignal-andy-3as convartingsthe 7) |
three-phase ac input voltage into the specified three-phase ac output

voltage by a conversion section (1) based on the PWM conversion signal
generated by the PWM conversion signal generating section (15, 17).



