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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 a matrix 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 ci%f#jit ?ngg%%RinXﬁgers, indirect ac

power conversion circuits converting a commercial alternating

current into a direat-CUITaRt ¥iaa reetifier circuil aRdka smRothing ircuit 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
TaneNrersare 7kaawn. In this case, since large capacitors and reactors

for smoothing voltage pulsations by commercial frequencies are

liAAéddssary, Toaveneranmidturizativecande expedteteand therefere thetrix
direct ac power converter apparatuses -2-

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

three-phase ac¢ cutput voltage.

BACKGROUND ART

[0002] As a typical main circuit construction for
inverters, indirect ac power conversion circuits for
converting a commercial alternating current into a direct
current via a rectifier circult and a smoothing circuit 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
knownn. 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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have been increasingly gaining attentions as next- 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 bfa three-phase ac input voltage.

As a typical modulation method, an analog base modulation method in

which, with a virtual DC link formed, sinusoidal modulation is performed

by carrier comparison is proposed in Document 1 (Jun OYAMA and other

26 iGe, VOV On-Line"Eonndiof PWE Eytictonvere?t iERFS @S  next-
Jransactions D, IGEY. Yol 110 (1996), No. §,.pp: £64-651). Also, a

control met%odpf'or solving current dis (l)Dr]ﬁon, Which is an issue in
Feaaionismbatypen Oy voliage: command siongland cAtsLSgnal: ;s
is disclosed in Document 15 2 (JP 11-341807 A). [0004] The control
methogs gf Rocuments doand 2y i efberscasss isPasedHnan aphiudes  and
modulation which is accomplished by introducing a variable that is a
currdnthdistribodign ¢atid,d €. a yatidiof @cmidsphiasercimeentto 20 ashree-phase
maximum phase current, and by multiplying a factor on each of an output
woltagapommand sigial and Ascarier tsigdalzEurtherthe tontrol methodl, an
of Document 2 involves two steps of control for suppressing changeover

- 6P 3WREhIRG PRIBATE Whick Serte hS Afforrfativh tpdating -h & virtual DC

link formed, sinusoidal modulation is performed by carrier
comparison is propeosed in Document 1 (Jun OYAMA and other
five, "VVVF On-Line Control of PWM Cycloconverter”, IEEJ
Transactions D, IEEJ, Vol. 116 {189%96), No. 6, pp. 664~651).
Also, a contrel method for scolving current distortion,
which is an issue in asynchronism between output voltage
command signal and carrier signal, is disclosed in Document
2 (JP 11-341807 A}.

[0004] The control methods of Documents 1 and 2, in
either case, 1s based on an amplitude modulation which is
accomplished by intrcducing a wvariable that is a current
distribution ratio, i.e. a ratio of a mid phase current o
a maximum phase current, and by multiplying 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 changesover of
switching patterns, which serve as information updating

part, so that current distortion in carrier asynchronism is
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25 part, so that current distortion in carrier asynchronism is -3- 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] Embodiments of the present
invention provide a matrix converter,-a5-well as a matrix converter control
method, which allows the control-related circuit construction to be
simplified without involving such 10 computations as ripple computation or

carrier amplitude modulationE&OO(%sg AccoLding:%o the firf,t %spect of Ehe
2BFesBhE invétitfon therd is provided & niatfix converter for converting a

2th£reaex;8h%sne ac.input yoltage | B@ﬁ%gﬁecéfé%% il%tPé%ef{?Ea%%éc_ QUL 2t ion
voltage, comprising: an output voltage command signal generating

wsection 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 command signal; a signal correcting section
Sforiearecting e dufpatvaltage command signal based on the output

voltage
[0005] Embodiments of the present invention provide a

1 and

matrix converter, as well as a matrix converter control
method, which allows the control-related circuit
construction to be simplified without 1nvolving such
computations as ripple computaticn or carrier amplitude
modulation.

[6006] According to the first aspect of the present
invention, there 1s 9provided a matrix converter Zor
converting a three-phase ac input voltage intc a specified
three-phase ac output voltage, comprising:

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

a current flow ratlio 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 veltage command

signal generating section and the signal representing the
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command signal generated by the output voltage command 25 signal
generating section and the signal representing the - 4 current Plow 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 section 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 conversion signal generated 10 by
GHE PIWM convérsidr Sighal geniratingsedtion, Mifereii [givert thé #iput ratio
current command signals are represented by i,- *, is *, it * and a voltage
Cormmandis rSSfé%gﬂfé;d by Vs*, assuming the lowest voltage phase as a

reference voltage when a polarity of a mid phase out of the 15 output . -
voltage command sign%%gfgds?ﬁ“v%nor the Eﬁ%ﬁesqe\l}ld?lt%%%lﬁ}%ses éjé’ g o tor

Jeference vgltage when the polarity of, the mid-phase outof the output ., ¢

voltage command signal is negative, the current flow ratio generating
wectiogegensraies dheseurent flowratie of thegnaximemsphase by brr2cting
midi ,13
section and a carrier signal; and

a converslion section for converting the three-
phase ac input veltage into the specified three-phase ac
cutput veltage based on the PWM conversion signal generated
by the PWM conversion signal generating section, wherein

given the input current command signals are
represented by 1. *, is ¥, ir ¥ and a voltage command is
represented by V. , assuming the lowest wvoltage phase as a
reference voltage when a polarity of a mid phase out of the
output voltage command signal i1s positive or the highest
voltage phase as a reference voltage when the polarity of
the mid phase cut of the ocutput voltage command signal is

nagative, the current flew ratio generating section

generates the current flow ratio of the maximum phase by

V*jinﬁd(

& \/’é‘

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

V% J,* ;a
'T!’ > il.s- kS ilf

)

phase and the current flow ratio of the mid phase by



10

20 and generates a sum of the current flow ratio of the maximum phase
and the current flow ratio of the mid phase by 4a - 2 kr max( [0007]
According to this matrix converter, based on the output voltage command
signal generated by the output voltage command signal generating
section and the signal representing-thg-current flow ratio generated by the
5 current flow ratio generating section, the output voltage command
signal is corrected by the signal correcting section. Based on the
corrected output voltage command signal and the carrier signal, the PWM

converrfi«o_@_si n@LEsaﬁgr'ﬁ) ted by the PWM conversion signal generating
section.: 19@%@ ch'a’ ulation method by input current flow ratio, a
constant average virtual do link voltage can be obtained and, as a result,

tA@ @dintrol-retated cirtuiy constiuction reanrbe simplified withoubmwelving: the
such computations as ripple computation or carrier amplitude modulation.

Q5 JOG0IVAISE 2&ccorditigto this ratiixadonVvéties the ccurrént flovegatioutput
of the maximum phase as well as the sum of the current flow ratio of the

Wﬁéﬁﬁﬁﬁnﬁﬁ§§¥%ﬁhtﬁégnal generating section and the signal

representing the current flow ratio generated by the
current flow ratic generating section, the output 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 ratic,
a constant average virtual do link voltage can be obtained
and, as a result, the control-related circuit construction
can be simplified without involving such computations as

ripple computation or carrier amplitude modulation.
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current flow ratio of the mid phase are generated by the 5 current flow

ratio generating section based on the input current command signal, and

the output voltage command signal is corrected by using the current flow
ratios. Thus, the virtual dc link voltage can be maintained as a constant

do voltage. 10 [0010] In one embodiment,given that the input current
command signals are represented by i_X , is*, i,* and that a phase angle

of the input current command signals it*, is tr relative to the output voltage
command signal is - 6 represented by (~, the current flow ratio generating
[RR88h gendrafsstheQirfaift HoW ratio of theSmdximiirph&se B ikl it  the

Liisin(,7/3-0) (where 7r.6>0? O) 3 T3 _sino (whererr|3>0>_ 7rl
%3%%}&16 g%n%‘?’;t%g B'SUn? bf ﬁ?éecu PRGN rafi6 BF the mAKimuri Sphade Sum

~and the cur %‘8‘@’ rafio.of the, ud, phase 2 el b~ )ang
(sin O+sin(;r/3-0)). 5 [ooﬁ In ?ﬁis g)mgogﬁim%}é]tg, inﬂgenerg%lmn aflcﬁr?en?n the
dlow-4atio based anythednput cupent.command-signalthe clrrentdlow,
ratio generating section looks up to a single

current flow ratio generating sectiocn based on the input

rt

he

current command signal, and the output wveltage command
signal 1s corrected by wusing the current flow ratios.
Thus, the wvirtuval de link veltage can be maintained as a
constant dc voliage.

[0010] In one embodiment, given that the input current
command signals are represented by i, , 1.%, i+ ™ and that
a phase angle of the input current command signals i.% , i,

T . s P T
o, e relative to the output voltage command signal is
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sine table, allowing further simplification to be achieved. [0012] In one
embodiment, the carrier signal is a 10 triangle wave signal having a
generallly constant amplitude. [0013] In this embodiment, the matrix
converter is easily applicable to digital counters and comparators by
virtue of its constant carrier amplitude, and suitable for digital control
systems by virtue of its capability of 15 maintaining the PWM modulation
resolution constant. Moreover, the matrix converter, in which the triangle
wave signal suitable for PWM modulation is used as the carrier - 6a
TG§Eal Salcves thercireuit for pulservwiith niddutaticn-toche Simpilified {04}t 1on
In one embodjment, the carrier signal is a sawtooth wave signal having a
AN CondianE AP 15 [DOTS] Kbchrding to e SEth P ASgecros
the pre§ent invention, there is @'ovided a control method for converting a
-7- virt niiﬂsgtf@@iéta;ﬁbcaﬁrie?mﬁmhmdér%d suitablerfore digitabgontrol
syste 3by virtue of its capabi t%/ of maintaining the PWM modulation
resolution constant. Moreover, the matrix converier, in yvbig? gh?erl 6)

sawtooth wave 5 signal is used @s thé carrier sﬁbvngf,eamovﬂs arrier

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

phase and the current flow ratio of the mid phase by

2 '3 ® % 2 . .
—=max( i LI L) = —=(sing+sin(xr/ 3-¢)).
el N ¢
f001L1] In this embodiment, in generating a current flow

ratio based on the input current command signal, the
current flow ratic generating section looks up to a single
sine table, allowing further simpiification to be achieved.
[C01l2] In one embodiment, the carrier signal 1s a
triangle wave signal having a generally constant amplitude.

[0013] In this embodiment, the matrix converter 1is
easlily applicable to digital counters and comparators by
virtue of 1its constant carrier amplitude, and suitable for
digital control systems by virtue of its capability of
maintaining the PWM  modulation resciution constant.
Moreover, the matrix converter, in which the triangle wave

signal suitable for PWM modulation is used as the carrier
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generation and modulation processing to be simplified. [0016] One
embodiment further comprises: a holding section for holding the output
voltage command signal corrected by the signal correcting section 10
and power supply voltage information, wherein the holding section
updates the output voltage command gignal and the power supply voltage
information at a timing of a peak of the carrier signal, and the PWM
conversion signal generating section 15 generates the PWM conversion
signal based on the output voltage command signal and the power supply
s/oftageé s inforatationtiield by el hlding settions [001FF In thisiulation to be
embodiment, update of the output voltage command signal and the power
%"tfﬁ%l_lyl\?di%e information is 20 synchronized at the timing of the peak of

£ rier si%nal, thus makin%it_ possible to, prevent occurrence of current
g %% Hell 855 ewb giment. .the ﬁarrler_ ?108a* 18
IStortions as well as to achieve simplification of thé control-refate

SCQHEHHQEO%a[vQQléliéﬁ%%rng%nt$eaofgég'%%ﬁ@ﬁo&ﬁ@‘?:@ﬂé ZRplitude.
provided a matrix converter control method for coriverting a - 8

EB'@.@S@hase aﬁ%é@ﬁggeﬁeto@@egig@gﬁme%ﬁ@@%@:aQ)PUtQHE present
voltage, comprising the steps of: generating an output voltage command
signalfalon, there is provided & control method for

converting a
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outputting the specified three-phase ac output voltage by an 5 output

voltage command signal generating section; generating a signal

representing a current flow ratio by a current flow ratio generating section
based on a specified input current command signal; correcting, by a

signal correcting section, the 10 output voltage command signal

generated by the output voltage command signal generating section

based on the output voltage command signal and the signal representing
fherdutfertt flowlratic geRéRIed By Hie elirreitilow iadio gedstasng table for
section; 15 generating a PWM conversion signal by a PWM conversion

SigRal-gene MG Settion Basedon e oUtpUt oltade chrimantRégral ity ©f

corrected by the signal cortecting section and a carrier signal; and .
B artng s hase Brinp i vONaga 116 201he Shebfigd  constant.

three-phase ac putput voltage. by a canversion, section based %%\ti\h?ooth wave

PWM conversion signal generated by the' PWM conversion signa

generating sectiop.uhergin given thedppytGuIrest command Signals arg.rrier
represented by it , i, *, it * and a voltage command is 25 represented by

¥snasstiming thedowestnoltagerphaseas:a : Ba teferenceivaiage when
a polarity of a mid phase out of the
[0016] One embodiment further comprises:

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

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

the PWM conversion signal generating section
generates the PWM conversiocn 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
comnmand signal and the power supply voltage information is
synchronized at the timing of the peak of the carrier
signal, thus making 1t possible to prevent occurrence of
current distortions as well as to achieve simplification of
the contrel-related construction.

0018} According to the present invention, there 1is

provided a matrix converter control methed for converting a
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output voltage command signal is positive or the highest voltage phase
as a reference voltage when the polarity of the mid phase out of the
output voltage command signal is 5 negative, the current flow ratio
generating section generates the current flow ratio of the maximum phase
by V," 2 midi; and generates a sum of the current flow ratio of the
maximum phase and the current flow ratio of the mid phase by V' max(4ir
[ >1i"Jir | . [0019] in this matrix converter control method, based on 10 the
output voltage command signal generated by the output voltage
dohmhant 3ifnat geRtratihgrsedtivpicandithe signale9: fepreésemtimgetighase ac
current flow ratio generated by the current flow ratio generating section,
HE DUt VoHAGE contiahd SdigRalidTofiedtsd By the signal correcting

section. Based on the corrected output voltage command signal and the 5

carrier signal? fié PWM Hodtiatioh sighal is Genefated by the pvimera . £or
Juegulption %@é9%@@@9@%6098%%%%% amodulatonmathodby.

[
+ UToU O.LT
Inpat current flow ratio, a constant average vir dcinkvo tage canbe

&pé@jﬂ@d_mgi@ despltthe controkrelated. circuit canstruction can be
10 simplified without involving such computations as ripple computation
or carrier amplittde yneddation.signal representing a current flow
ratio by a current flow ratio generating section based on a
specified input current command signal;

correcting, by a signal correcting section, the
output voltage 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 ratic generated by the current flow ratio
generating section;

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

converting the three-phase ac input voltage inte
the specified three-phase ac output voltage by a conversion
section based on the PWM conversion signal generated by the
PWM conversion signal generating sscticn, wherein

given the input current command signals are

| 1 J L3 ] ES .
represented by i, ; Lla ,  is and a volfage command 1s

N ey * . - ”
represented by Vs , assuming the lowest vocltage phase as a



[0020] As apparent from the above description, according to the matrix
converter and the matrix converter control method of the invention, there

can be realized a matrix 15 converter in which the control-related circuit
construction can be simplified without involving such computations as

ripple computation or carrier amplitude; modulation. BRIEF DESCRIPTION

OF THE DRAWINGS 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
TRAfCOTverter “16S FIREBARP arééharts Showing wWavetéifts 6t ©f the
in ivid%JaI sep%ions of the matcﬁix convqrsser;,Fig. 4 is a chart showin highest
Sarieon timing 6fthe TRANTX ConVertel? 5 Figs. SR aha’53 ar8 tharts of 1> 97€5¢
lanalypdate ming . of he. Al caaverler. £igs. GAER ARLAIS .15y o
showing signal update timing of occurrence of distortion; Fig. 7isa .
oiagramsshoyng adegic gircyit,of a, 10pulse pattern Circuit Big 8 1S3 na1 15
block diagram of a control section in
negative, the current flcocw ratioc generating section

generates the current flow ratic of the maximum phass by

. 2
| g

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

mid( |i;

i i)

phase and the current flow ratic of the mid phase by

V! == max(|i]

EE
2

[0019] In this matrix converter contrel method, based on

>

LB
e

if%).

the output wveoltage command signal generated by the output

veltage command signal generating section and the signal
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a matrix converter which is a comparative example; Figs. 9A-9F are charts
showing waveforms of individual sections of the matrix converter; 15 Fig.

10 is a chart showing turn-on timing of the matrix converter; Fig. 11 is a
diagram showing a logic circuit of the.matrix converter; Figs. 12A-12D are
charts showing signal update 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
Merdifssoli M fltricesnterterfamthermatid eBRvert& cdhirothe current

method according to the present invention will be described in detalil

b
&é%f embodimentEtHares? ing&raed i the eco&HEBWiné’ aﬂa*‘v@iﬁas.V%ommaﬂd
[0023] Fig, 1 is 2,construstignal.view of a matrix_converter according fo 5 _ .
Sadint i eppatiyCekil nlatagtoulil :

embodiment of the invention. As shown in Fig. ee-phase to

three-phase matrix-conyerter:has three acsyitches.copnected 8021 and  the

individual phases of a three-phase power supply, respectively, in steps
10 et putputsphases, witha view taxehiaining variapleveliages agdnerated by

variable frequencies by controlling the connection phase and time as

fegeliréd modulation signal generating section. With such a
modulation method by input current flow ratio, a constant
average virtual dc link voltage can be obtalned and, as a
result, the control-related circuift construction can be
simplified without involving such computations as ripple
computation or carrier ampiitude modulation.

[0020] 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 control-related circuit constructicn

can be simplified without involving such computations as

ripple computation or carrier amplitude modulation.

BRIEF DESCRIPTION OF THE DRAWINGS
{00211 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;
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[0024] This matrix converter, as shown in Fig. 1, includes a converter

section 1 composed of switches Sun, 15 S,us, Sut, S"r, Svs, S"t, Swr,

Sws, Swt, and a control section 2 (shown in Fig. 2) for outputting signals

to turn on and off the switches S"r, Su,soSwt, Swr, Sus, Sut, Swr, Sws,

S,t of the converter section 1. [0025] In the converter section 1, a phase

voltage v: 20 out of three-phase as input voltages derived from a three-

phase as power supply 3 is inputted to one end of each of the switches

Sur, S"r, SWX %Sphaséfoltage 3/5out PREE Thredlshbisedac inpuigforms  of
voltages is inputted to one of each of S,,, S"s, Sws, and a phase voltage
yroutortHe thiee™35 BREsE Ac hguf\itadés S Mpttied s one end of

each of -12- §t, 5,,., swi, respeclively. The other ends of the switches .
S'"r, Su,, S"t aré donnected t6 ar O%prut Fer?n‘frjféjlgof%ﬁé: IE)h%rsle v%ﬂlalélg v, ©
the.qther ggg§g£géefgwitches S"r, Svs, Svt are connected to an output
terminal of the 5 phase voltage yr , and the other ends of the switches Sw

r, Sws, Swt aregonnested to amoutput terminal of the phase vRItageVWining
[0026] Also, Fig. 2 shows a block diagram of the control section 2. 10
[©027h & hecontrel seetion 2-as shown in Fig. 2,

Figs. 6A-6D are charts showing signal update
timing of occurrence of distortion;

Fig. 7 1is a diagram showing a logic circuit of a
pulse pattern circult;

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

Figs. 92A-9F are charts showing waveforms of
individual sections of the matrix converter;

Fig. 10 1s a chart showing turn-on timing of the
matrix converter;

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

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

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

carrier cycle in various switching states;

DETAILED DESCRIPTICH OF THE INVENTION
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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 voltage control command signal based on output

voltage command 15 signals V,; *, V'_% ; Vw * and an input voltage V,,-d;

a current flow ratio generating section 12 for computing a current flow

ratio based on input current command signal it *, is it * ; a command

signal computing section 13 as an example of a signal correcting section
{§028hhputing’a 20 imagihirm phase ®ahitlighaseesmmand sighal @il aratrix
mid phase command_signal based on a line voltage control command

SRiHER eRErated by e Mt Vokage Eoritroitdmand Sighar §8hératings ™ ton

se tijorl?ll da cufr}rent flow ratio CQLmQFuted by the_curr ntC[I:PHvlv ractiso
|

generating Section f;dan@/H (sample-hold séction 14767 usaatmgther%f

E‘E‘g @Qgeadm%"g%@ '&3&§H§§g +mid phase command signal and a
mid p e

ase command signal derived from the command signal computing

$66Yan 13 ata timing of g peak of-a carier Signalsa Calriehy CORParnsonatyix
section 15 which has a carrier signal generation 5 circuit 20 for generating

the carries sighak-and which: petfosmsa-comparnigondietween therention. As
maximum phase + mid phase command signal held by the S/H section 14
ahdwhe canrief signallas wélkas Ehcampatiscrebetweenithe midiphase matrix
converfer has three ac switches connected to individual
phases of a2 three-phase power supply, respectively, in steps
of output phases, with a view to obtaining variable voltages
and variable freguencies by controlling the connection phase
and time as regquired.

[0024} This matrix converter, as shown in Fig. 1,
includes a converter section 1 composed cof switches S..,
Sessr Sucs Svrs Svssr Sves Swesr Swss Swe, and a control
section 2 (shown in ¥ig. 2) for outputting signals toe turn
on and off the switches S.., Suss Suesr Sver Sves Sves Supy
Swss Sutr of the converter section 1.

{0025] In the converter section 1, a phase voltage v
out of three-phase ac input voltages derived from a three-
phase ac power supply 3 is inputted to one end of each of
the switches Sy., Sv:, Swr, a phase voltage v, out of the
three-phase ac 1lnput voltages 1s inputted to cne of each of

Susr Svss, Sws, and a phase veoltage v. out of the three-

phase ac input wvoltages 1s inputted to one end of each of
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command signal and the carrier signal; an S/H (sample-hold) 10 section

16 for updating and holding power supply voltage phase information

V,nax, Vm,d, V,,y., and a reference voltage X/Y at a timing of a peak of a
carrier signal derived from the carrier signal generation circuit 20; and a

pulse pattern generating section 17 for generating a pulse 15 pattern

(PWM conversion signal) for turning on and off the switches Sur, S",, S"t,

Svr, Sva, Svt, Swr, S.,,s, S,".t based on comparison results from the

¢arrier cOmparistnsectio® skeand tiel gower slipply voltage phasés of the
information V,ax, Vud, V,n-_r, and the reference voltage X/Y held in the

SHt P &ectivn:16. f0028] The coRfmadBRRaREbnYsutity seetion 13 Frgninal

a maximum phase + mid phase command signal computing section 13a
fOF mattiplyRIFS fine vottag@cortrol chffmand signaf HeFivet from ek ches

age gontrol.command signal 25 generafing section 1 by amaxmpm, .
pHdse +iriid phidde -132- command signal; and a mid phase comman

signalecomputing. section 1:3h fermultiplying the line yeltage.conliol .. s, .,

command signal by a mid phase command signal. [0029] The carrier
eomparison seetiondaraneithe pulses5 patiermgeneatingsection 1¢ne phase

constitute a PWM conversion signal generating section. Also, the S/H
sectivade and

[0026] Also, Fig. 2 shows a block diagram of the control
secticn 2.

[0027] The control section 2, as shown in Fig. 2,
includes: a line voltage control command signal generating
section 11 as an example of an output veltage command
signal generating section for generating a line voltage
control command signal based on ouiput voltage command
signals V. * , V. * , V. * and an input voltage V.ia; a
current flow ratic generating section 12 for computing a
current flow ratio based on input current command signal i,
*,ois™, ic® : 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 voltage contrcl command
signal generated by the line voltage control command signal
generating section 11 and a current flow ratio computed by

the current Iflow ratic generating section 12; an S/H

(sample-hold} section 14 for updating and holding a maximum
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the S/H section 16 constitute a hold section. [0030] (Comparative

Example) Fig. 8 shows a block diagram of a control section 10 in a matrix
converter which is a comparative example. It is noted that the matrix

converter shown in Fig. 8 is given for an-gasier understanding of the

present invention, and neither a known or prior art nor a matrix converter

of the invention. 15 [0031] The control section of the matrix converter in

this Comparative Example, as shown in Fig. 8, includes: a line voltage

&t comiafd Bighaf geteratitsetiihabl dbEgenctdtthgiiie  command
voltage contro] command signal based on output voltage command _
SigHAIE VS TAREANT M dB6 chffeReastiblbA tafc ™ Hvoltgeection 13
ripple_computing section 102 for computing a voltage ripple based on
iﬁ%ﬁjt avolga%néls mggv%id}:\?ﬁ{{n; agclfﬂrr%nt Gistribution rsg f%n%omplﬁin
seciion 106, (or computing acupient distiution: [atio g based 00 MAllte.r -5 on
current command signals imax*, 25 imd *, imin * ; a command sigha
GOMpUting sectiondlo4 frrd5-computing Maxigwim phaseitAld Phase which
command signal and a maximum phase command signal based on a line
yoitager centiolcommand signat geaenatethby thedinenolfages eontral 4. phase
command signal generating section 11 and a current

command signal held by the 5/H section 14 and the carrier

§arrier

signal, as well as a comparison betwsen the mid phase
command signal and the carrier signal; an S/H (sample-hold)
section 16 for updating and holding power supply voltage
phase information Viax, Veiia, Vain and a reference voltage
X/Y at a timing of a peak of a carrier signal derived from
the carrier signal generation circuilt 20; and a pulse
pattern generating section 17 for generating a pulse
pattern (FWM conversion signal} for turning on and off the
switches Suy, Suss Sutsr Svrs Sves Svts Swrs Swe, Sw: based
on comparlison results from the carrier comparison section
15 and the power supply voltage phase information Veas,
Viidr Vmin and the reference voltage X/Y held in the $/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 veoltage control command signal
derived from the line wvoltage control command signal

generating section 11 by a maximum phase + mid phase
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5 distribution ratio 'a' computed by the current distribution ratio computing
section 103; a carrier comparison section 105 which has a carrier signal
generation circuit 120 for generating a carrier signal and which performs

a comparison between the maximum-pHase + mid phase command signal

10 derived from the command signal computing section 104 and the

carrier signal, as well as a comparison between the maximum phase

comman siqnal q_nd the 5arrier Si al'ﬁ stitchig%lg%gion .10r§af [ omputin
%ﬁ%?ﬁlng a S\%ﬁ%hihg gingnalaba%% oﬁ aacoemp%?lson fesult rom the™ P g
cartier sompagizon A seqfion, 105; an,SfH saglion 107Jor ypdaingandoncro;

ding voltage command phase irifformation Or derived from the Tine

voltage contrel.commang signal ggperatingseetion 40L.aad  power supply
voltage phase information Vmax, Vmya, Vm;n based on a Bas-level

swiiching signal dromstheiswitching20rsection 4063 an:$/H section 108dopulse
updating and holding a reference voltage X/Y based on a Top-level

switching sigmat fedm tle switching:secliorrd06;andiapulse pafterponversion
generating section 109 for generating a pulse pattern (PWM conversion
sigeah to AR DREAN 6T heswitthes S 96 .Subist, S(E sv3ckipswts and
Sw., Swt of the conversion -16- section based on a comparison result

B thecatREr tompatisBARBEGGH 165 astieiFfad fie~vdithge command
?g%§%} (Comparative Example)

Fig. & shows a block diagram of a control section
in a matrix converter which is a cowmparative example. It is
noted that the matrix converter shown in Fig. 8 i1s given for
an easier understanding of the present invention, and
neither a known or prior art nor a matrix converter of the
invention.

[0031] The control section of the matrix converter in
this Comparative 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 VvV, * , Vv, * , V., " and a
current distribution ratic 'a'; a voltage ripple computing
section 102 for computing a voltage ripple based on input
voltages Vaaxs, Vmidr, Vmins a current distribution ratio
computing section 103 for computing a current distribution

: o A : 1 . *
ratio 'a' based on input current command signals lpax ;

imis , imin p a command signal computing section 104 for
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information Or and the power supply voltage phase information Vmax,

vVmd , Vmin and the reference voltage X/Y 5 held in the S/H sections 107,

108. [0032] The carrier signal generation circuit 120 of the carrier

comparison section 105 performs amplitiicle modulation of a carrier signal
based on a voltage ripple signal derived from the voltage ripple

computing section 10 102. [0033] Figs. 9A-9F show waveforms of

individual sections. by the matrix converter control method of the. .,
@ﬁrﬁparaﬁ\% rEE;(amp e, v%ere?he'inpult po@er fActor s assumed 6 be 1 a
And the putpyt frequency s assumed.as-equal to.that of the 15,payer o1 5 e
supply for simplicity's sake. In this case, with regard to a magnitude

felationship efbthreephase ac, potential the-mid phase patentiakise  voltage
inverted in polarity in every 60-degree phase angle. Therefore, under the

condition thai-fiesed onithe polariy ef-theimig phasei2Gvaltager(positiveirrent
region X, negative: region Y), a reference waveform (minimum phase for

thes region: X nraximbne phase forrthe tegioh ) is: ehanged;rpotenitils i bution
with respect to the reference waveform are X Emax = TV max -17 Ernid =
rajid © VARV B < SSETATR - £ Vomad, EmidrV el nfighak iisen 7section

105 which has a carrier signal generation circuit 120 for
generating a carrier signal 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 comparison between the
maximum phase command signal and the carrier signal; a
switching section 106 for outputting a switching signal
based on a compariscn result from the carrier comparison
section 105; an 3/H section 107 for updating and holding
voltage command phase information 8r derived from the line
voltage control command signal generating section 101 and
power supply voltage phase Iinformation Vaaxz: Veidr 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 Sy:,

Suesr Su+tys Svrs Svsr Svr, Surs Swszs Swyr 0f the conversion
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where it is understood that two potentials can be obtained. [0034]
Meanwhile, with respect to the command signal, a two-phase modulation
waveform resulting from dividing a three-phase voltage command by a
minimum phase is used. In 5 this caselifi-the region Y, in which the
potential becomes negative, the polarity is inverted to change over the
waveform to one resulting from division by the maximum phase. From

matehing of,the oytput VO“agec%gm'aQE}’ijo%“s way, the viual deligk g0
voﬁage resukfts N3 10 reldtions |Eexpressedrby the ollowing ed‘uaetions:

&%ﬁ%@f% §o\4m§éé%8nE@O]@ ﬁym@}fl\/igs\( %Hbmv%z&\é@é” E:_Xﬁlaa)nd phase

Emid = - (Vmid - Vmax ) where pulsating currents by two potentials shown

imFigr 9B arg.modylated[9035]Next, the;method fprapportiening the  phase
command signal into two signals is defined by the current 15 distribution

tatio; wiichi isra rafio,of the mid phase cantentid the-mdxinpumphasetage X/Y
current. Given a semi-cycle T of the carrier signal, a time To from a peak

bethe carrighsighdl teaswitchingto the hiid phase, and a time T; from a

peak of the carrier signal to a switching to the maximum 20 phase, the
taRértldistriblitien Fatioracis expeBssed Hyra=eC2/@l GrErpgit 120 of the

carrier comparison section 105 performs amplitude
modulation of a carrier signal based on a voltage ripple
signal derived from the wvoltage ripple computing section
102.

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

to the reference waveform are

X K = Vmax - ijn ? Emia‘ = Vmia‘ - Vmin

Yy K = Vmi Vma}{; Emid = Vmid _Vmax

max n
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C2 =T -To. -18- In this case, because of the expression with a power
factor of 1, the ratio of phase voltage is used in Fig. 9A. [0036] Time
ratios of connection to the maximum phase voltage and the mid phase
voltage are determined by the 5 following-equations. In this connection,
since the maximum phase value is multiplied by a voltage command value
and the mid phase value is multiplied by a current distribution ratio, an
average virtual do link voltage is defined by a value resulting from

YRGioN of the ntid ¥6Ege 5 the 28 nrdidnkint Goitage’ st £etindfit OPtained.
isfribution ratjo. Max.,phase (T-T )/T = V1*/V111 .., (1) Mid phase (T,-T,
R 205 ik il phadé CFTo1T = (1540 0oy e =
ampli %Jei’i m&% £a6d [Q037 dn fhis casg. for e region Xethe: 5:ny &
phase of the lowest voltage out of the output voltage command signals V,

ThibetpYWsds assumed asthedsferencevoltagenVs,* pihile fortheseg,  1n
region Y, a voltage command in which the 15 phase of the highest voltage

eutief the sufputvoliage cogtmand signalswWh #oiVEKe Vpb tssteken asbecones
the reference voltage is assumed as V,*. [0038] Therefore, the pulsating

cementiseompédnsated larity 1s inverted to change over the
waveform to one resulting from division by the naximum
prhase. From matching of the output voltage polarity in

this way, the wvirtwal dc 1ink voltage results in a

relationship expressed by the feollowing equations:

X £ = V .-V

max max min ? Emid = I/mid - V i

il

V' @ By = ~Van V) Epa = Vs Vi)
where pulsating currents by two potentials shown in Fig. 9B
are modulated.
[0035] Next, the method for apportioning the command
signal intoc two signals i1s defined Dby the current
distribution ratio, which 1is a ratio of the mid phase
current to the maximum phase current. Given a semi-cycle T
of the carrier signal, a time Tq from a peak of the carrier
signal to a switching tc the mid phase, and a time T, from
a peak of the carrier signal to a switching to the maximum
phase, the current distribution ratioc 'a' is expressed by

a = (C2,/7C1

Cl = T-T,
c2 = T,-T,
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by amplitude modulation of the carrier signal with the 20 average virtual
do link voltage, and then PWM modulation through carrier comparison is
performed with two command -19- signals at conduction timing shown in
Fig. 10. In this case, patterns of gating t-one-phase portions of the
maximum, mid and minimum phases are isolated by using the following
logical equations: Max. phase : X = (V', <V*) Min. phase : Z = (V,,; >

1+a)Vv¥) Mid phase . Y = (X U Z). 5 [0039] With respect.to the input .
Tl o BB e it v R, TTIE ST oyt 1 g2 0T
switches ,are apportioned hy logical circujts hased on_ logic signals
Eriwtine e et oo At R R e

[QR48 |n the malyix converter of this.Comparative Example, SIC8imum  phase

modulation is performed by multiplying both command signal and carrier
signak by fagtors with the:use ofthe cusentgistribution mtio-'an there has the
been a problem that the control configuration or computations 15 would

be comyplicateskrjG0Ald 4% the tmathik tonverterof theCompatativerhe maximum
Example, the ratio of the mid phase to the maximum phase

phase value is multiplied by a voltage command value and
the mid phase value is multiplied by a current distribution
ratio, an averade virtuazl dc link voltage 1s defined by a

value resulting from addition of the mid voltage to the

maximum voltage at a current distribution ratio.

Mar. phase : (T-T)H/T = V.V, -~ (1
Mid phase D (TL-T)H)/T = aV]/V, - (2)
Max. + mid phase : (T-T,)/T = (l+a)V./V, - (3
Carrier amplitude : V,, = E__ +ak .,
[0037] In this case, for the region X, The phase of the

lowest voltage out of the output voltage command signals V,

#* *

PR A

is assumed as the reference voltage V. * ,
while for the region Y, & wvoltage command in which the
phase o©of the highest voltage out of the output voltage

ES

command signals V. %, vw*, v~

is taken as the reference
voltage is assumed as V. " .

[0038] Therefore, the pulsating current Is compensated
by amplitude modulation of the carrier signal with the
average virtual dc link voltage, and then PWM modulation

through carrier comparison 1s performed with two command
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would be defined as the current distribution ratio. However, in the present
invention, the currentis 20 distributed with a normalized current value.

[0042] Figs. 3A-3F show normalized current waveforms in the matrix

converter of the invention, where it is agssumed - 20 that shunting with Cl

is applied to the maximum chase and shunting with C2 is applied to the

mid phase. Since the maximum phase is assumed as 1 in the method of

the foregoing Comparative Example, multiplying by a factor of 5 2/~3 to
$etI6r theBouRGAT St the Fegidik Ehd SHE wagidh: Y Eadsesfow raties this
among the individual phases to be expressed by the following

@Tﬁtﬁhskﬁﬁtﬁﬁf%a&f PO =80 nMHESPRASE ) PR T phaSE  the
o X(Um?ll T= = V mlngl Lil, “I[”([B’%jﬁé] X+ mld phase %T TQE) | T)éj}yh u%mg he

=l this cade ?orjt € region

&I%al%g,fﬁhgve\gsgt \éolta{g%&g of the. output voltage command signals V,;

riS assumed as the reference voltage V, while for the
region Y oltage command in which the phase of the highest voltage
out'd ﬁh@%ﬁfput voitade conftard signals V,* , V, * , Vw * is taken as the
refamnoshaveltage is assumeng&\(sﬁ»aWhpugh a sum of flow ratios 15 of

theﬁgx mum phase aB;d the Wse becomes over 1, the

[0039] With respect to the input phase of connection, as
shown in Fig. 11, gate signals for the respective switches
are apportioned by logical circuilts based on logic signals
showing the magnitude relationships among the individual
phases.

[0040] In the matrix converter of this Comparative
Example, since medulation 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 control configuration or computations
would be complicated.

[0041] 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 is
digtributed with a normalized current value.

[0042] Figs. 3A-3F show normalized current waveforms in

the matrix converter of the invention, where it is assumed
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voltage control rate of the maximum voltage command results from the

virtual dc link voltage waveform as: cos30' _ 2 Thus, the maximum value

of flow ratios results in 1 eventually. -21- [0044] Multiplying two potentials

of the virtual do link by the above flow ratio results in an average virtual

do link voltage waveform. Since a constant do voltage is obtained as

shown in Fig. 3F, it can be understood that 5 amplitude modulation of the
carrier signal as in the Comparative Example is unnecessary. [0045] Fig.

4 shows a chart for explaining the conduction timing described above. At

the tomductiohn timingsholih in Figa dy PWM modutationtaxdarrier ABase and
comparison is performed. [0046] Next, it is shown that the same results as

IR the ComparhtiveExahiple Ban becbbtainddisy the inethad of theSince the
invention. It is noted that the bower factor is assumed as 1, and the

T§ESehibfon WAREE given by pRASEYoltdge. 15 [0047] EBRint@valsaRith fie  the
phase an ing from 301060 |tfoIIows aIEmax Vm Vr@m— -
preseargle g ion 2 S MBLEMAEVIY VT or o

2/V3 to set 1 on the boundary of the region X and the
regicn Y causes flow ratios among the individual phases to

be expressed by the following relationship:

Max. phase D T-THI!T = pf;é 3 w.w) e (4
*2 | | &!
Mid phase @ -THI T = Ve DL - (5)
I 0 4 Jg 5 § (
Max. + mid phase . (T-T)/! 7T = K*znmqp "ib'“ (6).
V3
[0043] In this case, for the region ¥, the phase of the

lowest voltage cut of the output voltage command signals Vg
Y, Ve ", Vy¥ is assumed as the reference voltage V. ¥ ,
while for the region Y, a wvoltage command in which the
phase of the highest wvoltage out of the ocutput voltage
command signals V. * , Vo ¥, V. is taken as the reference
voltage is assumed as Ve . BAlthough a sum of flow ratios
of the maximum phase and the mid phase becomes over 1, the

voltage control rate of the maximum voltage command results

from the virtual de¢ link voltage waveform as:

Ve

cos3()® = —
2

Thus, the maximum wvalue of flow ratios results in 1

eventually.
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Emid Vmid -Vmn =V, -V( = * (cosO,, -cosO ) = COS((-TG/3). In this case,
since -22- a cos8s = co0s8,. 0 =B-z/6 V, cos8, _ COSO V =1cos8 =1
cos(8-)JJ 3V =1cos8, =1 cos(8+ 2z) 3 modifying Equation (1) results
inl_1E=+aE, a COSO + cos8s cos(®tf/3) cos8, cos8,. cosO,
cos+cos8s cos(O-)r/3) cos8, sin(zc/3 -0) coso +sin 0 cos(O - /7/3) 2cos8,
sin ~r/ 3 + sin(r/3 - 20) + sin(20 - r/3) + sin 7,13 2 cos8,. [0046]

Accordlngly the mid phase flow ratio is
(0044} Multiplying two potentials of the virtual de link

by the above flow ratio results in an average virtual dc
link voltage waveform. Since a constant dc voltage is
obtained as shown in Fig. 3F, i1t can be understood that
amplitude modulation of the carrier signal as in the

Comparative 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, it is shown that the same results as in the
Comparative Example can be obtained by the method of the
invention. It 1s 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
1
Ba = VeVop = V.V, = “=(c0s6,~cos8) = cos
E. = V-V, = V-V = —\%—“(00595—0059,) = cos(¢~z"3).

In this case, since



a2 cos8s =73 Ems + aE,,,,a and the sum of flow ratios for the maximum
phase and the mid phase is I+a 2 cos8 E ,,,,x + aE,n,a 5 thus consistent
with Equations (4), (5) and (6). [0049] The matrix converter of the
invention shown in Fig. 2, as compareg with the matrix converter of the -
23 Comparative Example of Fig. 8, becomes constant in average virtual
do link voltage, eliminating the needs for blocks associated with the
voltage ripple computation and the carrier amplitude modulation, so that
its constructiog isa@ 5 be simplified. [0050] Although Equations (4) and (6)
are shown=as s for determining current flow ratios, yet it is also
possible to furﬁ?érgsimplify the construction by looking up to a single sine
table fog the détermirtation of mid and 10 maximum values with the use of
a phase anglge 0 within the region X or region Y: 2 2

V =—=c0osf =-—=cosf
SN RV )
1 1 2
V =——cosf =—=cos(f ——),
5 '\/g 5 ‘\/37 ( 3 )
: 1 1 ir
V. =-—=c080, =—=cos(d+—
t ﬁ t \/5 ( 3 )
modifying Equation (1) results in
1 3 1
o+ Fiq cosg + cosb, cos(p—7z.'3)
0s8,
B cosd,
cosd, cosg + cosf, cos(g— 1 3)
3 cosf,
sin( 7”3 — ¢) cosg +sin gpcos(d — 73)

2cos0,
sin 7 /3 +sin( 7,3 ~ 28) +sin( 260 ~ 7/ 3) +sin 73

2
~=C080,.
J3

[0048] Avcordingly, the mid phase flow ratio is

o

—_— = =080
Emax + aEnrid '\/5 '
and the sum of flow ratios for the maximum phase and the

mid phase is

Emax + a‘Emid "/_3— !

thus consistent with Equations (4), (5) and (&).
[0049] The matrix converter of the invention shown in

Fig. 2, as comparsed with the matrix converter of the
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mid( ~ir sin(TC 13 - i) (where 16>0>0) 3 ... (7) _3sin0 (wherer/3>y>_

s ¢ | 6) max(~i (sin + sin(m 13 - 0)) ... (8). [0051] Also, a case with the

power factor 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 15 the
power supply voltage (three-phase_ac,igput voltage) However, when the

input power factor is variable, 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. 20 [0052] In the matrix converter of the Comparative
UExanmpletof Fg. B veraasethelViditagé commiantiasanwd a24- phaseverages
modulation waveform, the maximum phase and the mid phase out of the
“oitagé ‘coffimantFdre Stibjettéd toPWI Tdddation and appértibAtgta 0ok
the individual phases is_performed by usin se information Or.
Firtercasa SVFﬁe%a?lsur%j?e sk gg%y%ch%ﬁ??ﬁtbaeﬁvggn and  the

ade iy
or a case Where'th

c%%%rez?u%ﬂf@asg%%%fgqiﬁ;;ﬁr,qu nGy.js ot ensured, updating, ..,

timing is limited to the reference voltage X/Y, the voltage command phase
raformation Or.and the power supply voltage phase information Vmax,

Vmia, V,i,,.

[0050] Although Eguations (4) and (8) are shown as

blocks for determining current flow ratiocs, yet it i1s also
posgsible to further simplify the construction by looking up
to a single sine table for the determination ¢f mid and
maximum values with the use of a2 phase angle ¢ within the

reglion X or region Y:

2 . »‘: ¥ + ] 2 -
= mid( ir%,ji.‘.f,Jif) = —=sin(wr/3-¢) (wherex/6>¢20) }

2

= —-sin where 7l 3>g¢z2nl 6

N ¢ ( ¢ )
-z—lnax(}*,i’ft!i*]) = m%m(sin¢+sin(ﬁ/3—¢)) - (8.
’\/’g » !s[ i \/é"

[COB1] Also, a case with the power factor 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 i1s wariable, it is
also possible to control the power factor by switching with

a phase of the mid phase to which a phase difference is

[0052)] In the matrix converter of the Comparative

ig. 8, because the voltage command has a two-
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10 [0053] Figs. 12A to 12D show timings at which distortion occurs in a
case where the matrix converter of the Comparative Example is
asynchronous. In this case, distortion occurs to three points of change,
i.e. change of reference voltage, phase shift of the two-phase modulation
15 waveform, and phase shift of the power supply voltage (current).
[0054] Figs. 13A to 13D show effects on the above changes in individual
SW|tch|ng states% aximum, mid and minimum) of the carrier cycle. These

GG afeeow b‘?@o"éﬁ’gqé%%se ShtputtBr SR, itferedhe the wmid

h h hort- ited b Id i the 120
E%}ﬁ%t%/hm B o s St ot watEfom e Thedingp 7
iz Ay pheses, o e il ie s asoumed N AR MM ceo 1o

minimum volt 25 correspon to r phase, s phase and t

B@%fﬁ%@ecw%s%%%o%ﬂé@ State pfhcopductiop to the maximum 5 4

phase (shown in Fig. 13 he reference voltage X/Y changes, voltage
eamang vales of U-and:V phases areiavestadwhile, bsswitehingeen power

signals of r and t phases are switched over. As a result, the state changes
froppX (+-) o) cowhereas neithed oY gitase changes inswitchingired,
state to the

updating timing is limited to the reference voltage X/Y,
the voltage command phase information 8r and the power
supply voltage phase information Viasxs Vmidsr Vmin -

{0053] Figs. 12A to 12D show fimings at which distortion
occurs in a case where the matrix converter of the
Comparative Example 1g asynchroncus. In this case,
distorticon occurs to three points of change, i.e. change of
reference voltage, phase shift of the two-phase medulation
waveform, and phase shift of the power supply voltage
{current; .

(00541 Figsg., 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
only one phase short-circuited by bold line 1s the 120°
conduction phase of the two-phase nmodulation waveform while
the other is any two phases. In the initial state, it is

assumed that the maximum, mid and minimum voltages

correspond Lo r phase, s phase and t phase, respectively.
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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

the voltage command phase information Or, switching between U phase

and V phase causes the state to changesfrom X(+-) to X(-+) so that the

output changes from r phase to t phase. [0057] With regard to the power

supply voltage phase 15 information Vma>:, V,n d, Vm r,, when the

maximum phase and the mid phase of the input voltage have been

$PMeRAd (r phase's phadE¥, thé swittkdfef heol) phasetbeontietmun phase

changes from Sur to S11 [0058] (2) State of conduction in the mid phase
28%n"Fig.- 13CfWhen the reference voltage X/Y has changed, the

state changeﬂrongﬂ_%(%ﬁ) ;%) g\é(se%)%sg th{s}g3 9%%]?% B%gfs\e; an %1/? hase voltage

change in swﬂcﬁwing State. Saresul e sfii ees(/oltage

ea:fpmmand phase infoemafion Q{dth%ta%%gg%ge%@m XCELAEL0 ynite

X(-+), so that both U phase and V phase change in switching state.

060k s the pawet supply-valtlrgephasgdaiormaton MmaxMither .  as
Vmin, when the maximum phase and the mid phase 5 of the input voltage

have been switched; the switkh f@rthe from X {(+-) to Y (-+), whereas
neither U nor V phase changes in switching state to the
maximum and minimun phases.

[0056] In a case where tThe conduction phase and the
switching phase have changed due to a phase shift of the
voltage command phase infermation 8r, switching between U
phase and V phase causes tThe state to change from X(+-) to
X({-+}) s¢ that the outpuf changss from r phase to t phase.
[0057] With regard tc the power supply voltage phase
information Viax, Vmidsr Vmin, when the maximum phase and
the mid phase ¢f the input voltage have been switched (r
phase «— s phase), the switch for the U phase to conduct
changes from 3,: To Sus.

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

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

[0058] As a result of a phase shift of the wvoltage

command phase information B8r, the state changes from X({+-)
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U phase to conduct changes from S,,, to Sur. [0061] (3) State of

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 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 15 because both U phase and V phase .
Bfe iff the miningdm phdde. T9063] WithPleyard t6Tite powéhsiigplychange  in
volta hase information Vmax, Vmid, Vmin, when the maximum phase
gﬂfit?ﬁ% fl 517d5e%0f the input voltage have been switched, the

%WH%'&iﬂg statg dopg ”%8“%‘%3?‘;%6‘5}% V%’fg‘gglpchaag?%ha”é’av 2LOBRASE 45 on

are In the minimum phase. ove, | matrix converter

of the Gpmparaijve Example, begause ofithe presence of amede i 4 phase

which a change of the signals does not cause a change of the switching
stateHtisipgrmitted to-update the 264eference-voltage XNeduiingthe for the

period of conduction to -27- the maximum phase (Top), and the voltage
Copimanwd phasesinformation Oy andihemposver stipply.voltage phase
information 7max, Vm d, Vm,n during the period of switching

fO0611] {3) State of conduction to the minimum phase
(shown in Fig. 13D}

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

[0062] As & result of a phase shift of the wvoltage
command phase information ©r, 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 Veaxs Vmids Vuin, when 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
vhase are in the minimum phase.

[0064] 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 does not cause a change of

the switching state, it 1is permitted to update the

reference voltage X/Y during the period of econductiocn to
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to the minimum phase (Bas), so that balance of current 5 distribution
within the 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 supplzmaximum phase (Top) as well as a
voltage command maximum phase signal that minimizes the 10
conduction period to the power supply minimum phase (Bas). [0065] In
the matrix converter of the Comparative Example, since the voltage
%E%and. phase

eBfmand HAYS tRBifase’ ThEdulatiBR Wavetorm! thethiée-pii

vol%agre g%mmandés not u ed,l\fﬂg onléthe maximum Phase an the mid

%acsje%re ?[gméubjejéted ' PWM modu ﬁgﬁa,rwhe?g %ﬁage in}]o?rr?é% ?\Orphase

is, bsed for appaytioningfo the iRdividua), phases. Thergfore, moLenly.the .1 s 1 o

reference voltage XIY and the power supply voltage phase information
£¥masy, Vr_gh Vigsam), whicheare rsubject tadipdate dimitationse aweid current
distortions due to 20 asynchronism, but also phase information needs to
bessuhjeetttodipdaterimiiation eFurther, ikpdateyeondroli invelves theiuse Also,
of two signal levels, i.e. a mid phase signal and a maximum phase signal,
giving fibe to arplableny oftcomplitated-berrstriiretionof the vonatiol systeml tage
-28- [0066] In the digital control of inverters, signal input and output are
@@Wmﬂﬁ@iﬁ@?ﬁdﬁ%ﬁﬁ@ﬂoﬁ%ﬁﬂﬁ%e 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 Ccomparative
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 modulation, where phase information 6r is
used for apportioning to the individual phases. Therefore,
not only the reference voltage X/Y and the power supply
voltage phase information {(Viasx, Vmia, Vmin), which are
subject to update limitations to avold distortions due to
asynchronism, but also phase information needs to be
subject to update limitation. Further, update control
involves the use of two signal levels, i.e. a mid phase
signal and a maximum phase signal, giving rise to a problem

of complicated construction of the control system.
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timing of PWM carrier cycles in order to take matching of signal delay

time. 5 [0067] In this connection, in the matrix converter of the invention,

on the assumption that a signal wave to be modulated is updated and

held at the timing of a peak of the carfet-signal as shown in Fig. 5, the

signal is switched in a state of conduction to the minimum phase. In 10

this case, the voltage command phase information Or and the power

supply voltage phase information Vmax, Vmia, Vm;n correspond to _
(BA&@bIe timitgs: Wheidss ielinvemicrrdsést e re& phase Yolage *mPut
command, containing phases, so that update control for.the phase .
HtGrmatioR OF beacjﬁ?%escf%nutn%%%éggaryg?hes%%é%%%ﬁﬁ/a\%%%e Shady the

information.. V. , y " ted.in onizati it :
e o Sen s o

tefgrenceyoltage /Y. is updated at the timing of a peak of the carrier
signal as 20 well. The timing of a peak of the carrier signal corresponds to

freoRinimum phases wherecwpdate centyol iwoutd:be perfermeddynleveler of
signals, in conventional cases, so that the input current distribution within
thescatriercyclers unbalaheedzasssivgvini imFigh6A aad 68y Onl.the2B to be
other hand, as to the update in the maximum phase, there -29-

modulated is updated and held at the timing of a peak of
the carrier signal as shown in Fig. 5, the signal 1is
switched in a state of conduction to the minimum phase. In
this case, the voltage command phase information &r and the
power supply voltage phase information Viaxs Vmias Vain
correspond to updatable timings, whereas the invention uses
the three-phase voltage command, containing phases, so that
update control for the phase information ©8r becones
unnecessary. The power supply voltage phase information
Vaaxs, Vaids Vmin 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 conventiocnal 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 to the update in the maximum phase, there
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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 respecttpsthe minimum 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
occuyimmetrical PRy it tindrdiooh hat lrfdrt ditriButish P &half carrikhe

cycle keeps equal, as compared with the up d waveform in,the._...
chapisieGm pha L{é Oﬁ?%]eﬂg %ﬁ&wﬁ%%%%g? uptfa%e OF thitefBrenice” -9 °C
alndv%l]5age 15 X/Y and the power supply voltage phase information V,nax,

Vmid, Vmin is synchronized at the timing of a peak of the carrier signal in
roo¥dich theaoltage command is-updated and theld, thugsakiag it passible : n

to prevent occurrence of current distortions as well as to achieve
thisimplifieationsafl 204he sentrolrelatedcorstrugtion. §8071]1n additioncthee,

update of control information in the pulse pattern generating section 17 of
witRkigr2cande provided bytsingisuchrazireuitasrsiowriipniig, 7 asaniorm

example.
update gs performed at the timing of a peak cf the carrier

signal. As & result, whereas the switching state of the
maximum phase and the minimum phase 1s changed, the
waveform 1is maintained symmetrical, making 1t understocod
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,
Veia, 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 to prevent occurrence of
current distorticns as well as to achieve simplification of
the contrcl-related construction.

[0071] In addition, 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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-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 computationsFor carrier amplitude modulation,
so that the control-related construction can be simplified. [0073] Further,
the matrix converter is easily applicable to digital counters and
comgarators %/ virtue of 10 its constant carrier amplitude, and suitable for

AiRdPdontrol EFSRAMEB? virth® of itdCapabifyrdtmaiRtiiiag the Pwil  this

madulation resolytijon constant.%0074 oreover, the matrix converter is
A T s T R AR by LABks aroreage  Bs made

asynchraaism of thee-phase ac inpyt Vﬁgﬁ[‘%%én%ﬁac'ﬁerg‘%}@'e With 87 ot

simple construction in which the output voltage command and the power

supply veltage (gurrent): information.are-undated apd held atithe timing of 1) ¢
carrier peaks. - 31 - WHAT IS CLAIMED IS: 1. A matrix converter for

conyertiag adhree-phase awinput ¥eltagesinto aspecifieghthieg-phasg@ni -ude
gggﬁiation, 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
its constant carrier amplitude, and suiteble for digital
control systems by virtue cof its capability of meintaining
the PWM modulation resolution constant.

[0074] Moreover, the matrix converter is enabled fto
reduce Input current distortions even 1n cases of
asynchronism of three-phase ac input voltage and carrier
cycle, with a simple construction in which the output
voltage command and the power supply voltage {current)
information are updated and held at the timing of carrier

peaks.
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voltage, comprising: 5 an output voltage 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 10
on a specified input current command gignal; a signal correcting section
for correcting the output voltage command signal based on the output
voltage command signal generated by the output voltage command
signal generating section and the signal representing the 15 current flow
Watio gehefdtéd By Ehé eurrent flow ratio generating section; a PWM

conversion sijgnal generating section, for_generating a PWM conversion
‘signal based’on’tfié dutpuf Voltage E6miiand SRjAF EbrrEEted by fee —phase
signal co_rrectinqé“zo. section and a carrier signal; and a conversion .
Sectioh for converting the three-hhases 56 i‘nlpg)?ﬁ?vog‘jgiﬁgﬁﬁt%htﬁ@%p@ﬁfieﬁu tput
Vtgﬁeceéggqsecg%m%ggtﬂ Itage based on the PWM conversion signal - 32
generated by the PWM conversion signal generating section wherein

given the inpytcurrgnt,command $ignals af®mmand signal generating
section for generating an output voltage command signal to
cutput the specified three-phase ac output voltage:

a current flow ratic generating section for
generating a signal representing a current flow ratlo based
on a specified input current command signal;

a signal correcting section for correcting the
cutput voltage command signal based on the output voltage
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;

a PWM conversion signal generating section, for
generating a PWM conversion signal based on the output
veltage ccommand signal corrected by the signal correcting
sectlon and a carrier signal; and

a conversion sectilon for converting the three-
phase ac input voltage intc the specified three-phase ac

output voltage based on the PWM conversion signal



represented by it , is , it " and a voltage command is 5 represented by Vs
, assuming the lowest voltage phase as a reference voltage when a
polarity of a mid phase out of the output voltage command signal is
positive or the highest voltage phase as a re.erence voltage when the
polarity of the mid phase out of the. odtput voltage command signal is 10
negative, the current flow ratio generating section generates the current
flow ratio of the maximum phase by V," 2 mid( ~i,1.;,1>ji(I and generates a
sum of the current flow ratio of the maximum phase and the current flow
G5fi6 b HREmRY phése BYS VS 3ar( 2 STRE MatrBee6riertsrassection
ckllaimed in Claim 1, 15 wherein given that the input current command
“éigeﬁﬁégre represented by it x , is it ' and that a phase angle of the input

current com %ignglg I,. *,Is*, it relative _to the ou%put(yoltage .
. [S Che ¢n%ut c%hrrena, ?"”HL ar%. 3 ﬂfEu,S are
command signal is representéd by - 33" the current flow ratio generating

' nerates the current flow ratip of the, maximum.phase by 2 2 .
%%%%gjgﬁ jig*%)%_%’;ir?(ﬂr 13 -0) (Wherg“,c 16255 70 ?b“%%e Band is

represented by V, , assuming the lowest voltage phase as a

reference voltage when a polarity of a mid phase out of the
output voltage command signal is positive or the highest
voltage phase as a reference voltage when the polarity of
the mid phase out of the output voltage command signal is
negative, the current flow ratic generating section

generates the current flow ratic of the maximum phase by

¢

P 2
5 ‘\/é‘

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

mid(Ji;

3,* 3
LD

phase and the current flow ratic of the mid phase by

L
Ir

V*;%ﬂnax(

V3

2. The matrix converter as c¢laimed in Claim 1,

i i].

5

wherein

given that the input current command signals are

represented by i, , 1g , 1. ¥ and that a phase angle of

3 N — i . ES 3 v E L
the input current command signals 1.7, i.%, i.* relative

to the output veoltage command signal is represented by ¢,
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J3J3 _sin 0 (where ;TI3>0 ? 7r1 6) 3 and generates a sum of the
current flow ratio of the maximum phase and the current flow ratio of the
mid phase by 2 2 7max(~i',~is~,~z~) _ (sin 0+sin(n/3-0)). J3 73 5 3. The
matrix converter as claimed in Claim 1 or 2, wherein the carrier signal is a
triangle wave signal having a generally-constant amplitude. 10 4. The
matrix converter as claimed in Claim 1 or 2, wherein the carrier signal is a
sawtooth wave signal having a generally constant amplitude. 15 S. The
matrix converter as claimed in Claim 3 or 4, further comprising - 33a a
Hotdirgsecion fof hotdingahe @utpatvsltdgar conmmand signalaorected  the
by the signal correcting section and power supply voltage information,
SERE@-the: HoIdiAG secfidn thBatesthB Sutpievsitdygé command signal 5

and thezoower supply voltage iaformation at a timing of a

—ﬁmid(!i: , i:g, 'i:i) = WJ—ngin(%/ 3-g)y (wherem/ 6>¢=0)
= jgsingﬁ (where m/ 3>¢2n! 6)

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

phase and the current flow ratio of the mid phase by

2 ,$§ E LR 2 . .
——nmmﬁﬁJJﬂ,) —=(sing +sin(7/ 3 —¢)).
V3 | NE)
3. The matrix converter as claimed in Claim 1 or 2,
wherelin

the carrier signal 1s a triangle wave signal

having a generally constant amplitude.

4. The matrix converter as claimed in Claim 1 or 2,
wherein
the carrier signal 1is a sawtooth wave signal

having a generally constant amplitude.

5. The matrix converter as claimed in Claim 3 or 4,

further comprising
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peak of the carrier signal, and - 34 the PWM conversion 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. 5 6. A matrix converter control method for

converting a three-phase ac input \__/olg%%e into a specified three-phase ac
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;

generating a sighalrépresepting epcuriarit flow L rhtiocbytdeurperitflow ratibtage
generating section based on a specified input current command signal;
IBEGTECtiRGIPY a sighaF E6TEEtInG Sectivh, thedBathuttoltre ddamangtion
sigpal&gngrated y the qutput voltg%e command signal generating

Saction based O the %ﬁ%p $oltage CoRfhand sighat Afd the signat &
Jepresenti > current flow ratio.generated by the.current flow ratio, 20,
g actan, goraatne a B SareSiGoon Sorat By & PRt cignel

£oAversionsignal gengrating section basegkanthe oUPULy 5 timing of a

peak of the carrier signal, and
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voltage command signal corrected by the signal correcting section and a
carrier signal; and - 35 converting the three-phase ac input voltage into

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, wherein giveyythe 5 input current command

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

by V;', assuming the lowest voltage phase as a reference voltage when a
polarity of a mid phase out of the output voltage command signal is

positive or théhigheBtVoltage pliade a5 10 Sireferenca vokage When thection
polarity of the mid phase out of the output voltage command signal is

Hegative cthe diffrent low 7808 GERLARting $8Eton geRéRtdesthe diifenfutrut
J!:?W gatio ofég%wr%ax'murg,p%q bya\lé,c‘i mig:gliéi vie2 i anddgener@tes a 1t
Surm oF the current flow ratic of the Maximum 15 ﬁhoaws%ran thecufrent ©+ <€

flowsratio.of themid phase by V3 maxtz Lellze 5 o |

6. A matrix converter control method for converting a
three-phase ac input veltage into a specified three-phase ac
output voltage, comprising the steps of:

generating an output voltage command signal for
outputting the specified three-phase ac output voltage by an
output voltage command signal generating section;

generating a signal representing a current flow

ratic by a current flow ratioc generating secticn based on

jo

specified input current command signal;

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

generating a PWM conversion signal by a PWM
conversion signal generating section based on the output
voltage command signal corrected by the signal correcting

section and a carrier signal; and
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converting the three-phase ac input voltage into
the specified three-phase ac output voltage by a conversion
section based on the PWM conversion signal generated by the
PWM conversion sicnal generating section, wherein given the

input current command signals are represented by i, ™, i

R P and a voltage command is represented by Ve,
assuming the lowest voltage phase as a reference voltage
when a polarity of a mid phase out of the output voltage
command signal is positive cor the highest voltage phase as
a reference voltage when the polarity of the mid phase out

of the output voltage command signal is negative, the

current flow ratic generating section generates the current

flow ratioc of the maximum phase by

& 2 . ok
P@—Tfnnd(gé

A3

K
l.s‘

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

phase and the current flow ratic of the mid phase by




