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APPARATUS FOR CONTROLLI NG POVER CONVERTERS 5 The present invent%%n rel ates
to apparatus for 10 controlling power” converters of the pulse width
modul ation (PWV) control type, and nore particularly to a control apparatus:*
capabl e of remarkably inproving the waveformof an AC i nput and/or out put
vol tage or current of the converters. 15 Power converters, Such as
converters converting AC power to DC power and inverters inverting DC power
into AC power, are widely used in the various fields of industries. For one
of typical exanples, there is a power convérter which is constructed by the
conmbi nation of a converter for 20 converting AC vol tage supplied from an
AC power source to DC voltage and an inverter for inverting the DC voltage
supplied by the converter into AC vol tage agai n and applying the inverted
AC voltage to an AC | oad such as an induction notor. In this kind

Che known P cont f ok APERNEEDE' rOf ccOmFpbRYT o %iﬁﬁﬁ $the

waveformof its AC input voltage, which is as close to a sinusoidal

wavef or m as possible, and in the inverter its output voltage or current
is required to be as close to a sinusoidal wave as possible. To neet this,
especially the pul se width of the minimminput and/or output voltage or
current pul ses created by the PWM control should be sufficiently narrow.

N The present invention relates to apparatus for ﬁf*

10 controlling power converters of the pulse width modulation
(PWM) control type, and more particularly to a control
apparatus capable of remarkably improving the waveform of an
AC input and/or output voltage or éurrent of the converters.

(

15 Power converters, such as converters converting AC

power to DC power and inverters inverting DC power into AC

power, are widely used in the various fields of industries.

which is constructed by the combination of a converter for
20 converting AC voltage supplied from an AC power source to DC
voltage and an inverte; for inverting the DC voltage.
supplied by the converter into AC voltage again and applying
the inverted AC voltage to an AC load such as an induction
motor.
25 In this kind of power converter, the converter and the

inverter are often controlled by the known PWM control.

For one of typical examples, there is a power converter ' (

-
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10 3 In the follow ng,..the description will be nmade of the problemin
t he. PMM contrql of the power converter of this kind, taking the case of the
inverter as an exanple. In the typical arrangenment of the inverter, as is
wel ™ known. a main switch circuit, which i 3 conposed of six sem conduct or
15 switching el enents, such as transistors or gate-turn-off (GIO
thyristors, connected as a three-phase bridge circuit, is supplied with a
DC power through a DC reactor, and the six switching elenments are fed with
gate signal's in accordance with the PWM control to repeat turn-on and turn-
20 of f procedures in the predeterm ned manner. As a result, the output
vol tage or currEhenantiheheohvegtencyst desitvédcao haveomheowhedfoThusf iiks
the PWM control system of such inverter generally known in the prior art, a
triangul ar carrferinaut veltagad whithuisi dal chodel &bi rgsiausoddalc aaparedm
w th each ofher, and gate signals for the switching elenents are obtained
in accordante w??hp?ﬁ%iEBﬁpaﬁﬂgohanB%I%Overtes-itﬁ euteppavel tegéoprsuch
PWV control is realized by the analog circuit_conponents, it is acconpanied
by a probl em of “EoHt i cEeQRiEe t tE PR 13T cFIORer EQuRr FhBUECEdRLi WaVeaas

Borthor . 1 he i dtte, kS HRFEREE L Srperip LEYCRbE PuLERmsSRER o5 the
Cronons! o b BLER e SI8/Q° SLEAIE SalfLHE 8E LbhUSL BLEEL " 1
Ccreated by the PWM control should be sufficiently narrow.
¢ 10 In the following, the description will be made of the
problem in the PWM control of the power converter of this
kind, taking the case of the inverter as an example. In the
typical arrangement of the inverter, as is well known, a
main switch.circuit, which is composed of.six semiconductor
. 15 switching elements, such as transistors or gate-turn-off
(GTO) thyristors, connected as a three-phase bridge circuit,
is supplied with a DC power through a DC reactor, and the
six switching elements are fed with gate signals in
accordance with the PWM control to repeat turn-on and turn-
20 off procedures in the predetermined manner. As a result;
_the.output voltage or current and the frequency thereof can
be controlled.
| Thus, in the PWM control system of such inverter
generally known in the prior art, a triangular carrier wave
25 and a sinusoidal modulating wave are compared with each
other, and gate signals for the switching elements are

obtained in accordance with the comparison result.



deterioration so that it is difficult to obtain the stabhe’lo

t her eof .
di gi tal

circuit conponents;

Then there has been proposed an apparatus constructed by the

publ i shed on January 8, 1982, for exanple. According thereto, both.a
carrier wave and a 15 modul ati ng wav@ are generated in the form of

digital

by conparing the digital carrier wave and the digital nodul ating wave
the control operbfian, apparatuse fgsnsush FMbicateafaties ofembizedsby
menti oned above, is 20 achi eved by a m croconputer thq@ﬁgrograned,

al nost occubhedanglegecisruitaCoRpossatsyi dt & aracmpan

waves and the conparison thereof, sq that it can hardly execuytg other

processes. PrOPheR efseompdicared CAkSULt, SOnSIFURNQD FRAGHHIRS 08
requires the trenmendous anount .of storage .capacity for stori data for the
vari ous car??EF1ﬁév¥§"§nﬂepﬁéa$8FVoG%mW&ﬁﬁ %qﬁ;Qéﬂﬁﬂg?qFEﬁ 't® obtain
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Japanese Utility Mdel Laid-open No. 57-3392 i‘)

signals, and gate signals for. the switching elenents are produced
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deterioration so that it is difficult to obtain the stable

operation thereof.

Then there has been proposed an apparatus constructed

by the digital'circuit components; Japanese Utility Model
Laid-open No. 57-3392 published on January 8, 1982, for
example. According thereto, both a carrier wave and a
modulating wave are generated in the form of digital
signals, and gaté'signals for the switching elements are
produced_by comparing the digital carrier wave and the
digital modulating wave. If the control operation, i.e.,
the generation of the gate signals as mentioned above, is
achieved by a microcomputer thus programed, it is almost
occupied by the calculating operation for generation of
the various waves and the comparison thereof, so that it

can hardly execute other processes.

In this case, moreover, the apparatus mentioned above

requires the tremendous amount of storage capacity for

storing data for the various carrier waves and the various

modulating waves in order to obtain the AC output voltage

brofFanEBAP, g PHRAER AN Sl dity TGRS, o 7
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di storted waveformis unavoidable. 10 It is therefore an object of the
present invention to solve the aforesaid problens and to provide an
ap@ggatus for controlling a PWMcontrol | ed power converter, by which the 15
wavef orm of- an AC i nput and/or output vol dage or current of the power
converter is nuch inproved. According to the present invention there is
provi ded apparatus for controlling a power converter capable of converting
DC power into three-phase AC power and/or vice 20 versa by neans of a
pul se-wi dt h noiiti ithe goak) siawsadidalhyavieformpass ihey wide Fange of the
produci ng gate signals which turn on or off swtching elenments of the power
converter, sai fIgayessdiesyafithe AJ qutRyt voltagayr v Thisds RatuanRrdcal
first area for storing 25 data of events, according to which t

|
of f “states of PREAISEEE e CRNSHTIRTIORo At A8t & LhRaga e 1 ne't the”
of the- powd: cOHREAESRY AF PUSRIL HadHATaoe Sh AR AF PR G She
| f | t t. of th h - A [ | X
cacond 5 " ar d PGPt PRy AP o 18R Ting e ACVRH S ¢ ik, MY
predet er m ned_Rhase angheaoly Ue 0l 398 Yerkl¥edtn e tha dd e ALARRAC

power, at which ena g times a constant tiner interruption interval ©

sai d processi ngjuaire resHIti9R £rdhP HotRM it RmpcitthidtiaRlded Nn the

proportion to the
distorted waveform is unavoidable.

, 10

It is therefore an object of the present invention to

solve the aforesaid'problems and to provide an apparatus for
'cohtrollihg a PWM-controlled power converter, by which the

15 waveform of an AC input and/or output voltage or current of
the pbwer converter is much improved.

According to the present invention there is provided
apparatué for controlling a power converter capable bf
converting DC power into three-phase AC.power and/or vice

20 versa'by means of a pulse-width modulation (PWM) control,
haviﬁg a processing unit for producing gate signals which
turn on or off switching elements of the power converter,
said processing unit including:' |

(a) memory means including a first area for storing

25 data of events, accbrdingly to which the on or off states of
the respective switching elements are determined, the

.combination of three different events determining an
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10. magni tudes of the voltage or current of the respective phases of the”

t hr ee-phase AC power and correspondi ng events are enabl ed; (b) processing~.
means arranged to execute, for every tiger interruption interval, a step QL#
calculating a 15 conposite phase angle~on the basis of at |least a .
frequency or frequency instruction of the the three-phase AC power, a step
of determ ning one of the operational nodes in accordance with the

e

.bel onging to erm ne ng enabl’ing tinmes by

retrieving sphde"BERRY HBFIGEAr $3NeevWidihg! bhet dyiilericd veremsd tex phase

angl e ‘and the determ ned operati donal node; and (C) output control neans,

including a pigeent§ 8F thkcthrée-phasel AChpokedd-ieito edant |rrY & ysddare when
the 25 tinmer indicates a tine coincident with an enabling tine aecconpani ed

with an gvenprba Persekesing datahofckbnapldsigc ines gdtth stepméct dfot he
swtching elenents in accordance ~ 6 with the content of the selected

event at thepredeteikmihedc phasepandiles efalthenydlitage Ar sumeant of hehe

wi dt hs of pulses of the gate signals 5 are so varied that, when the power
converter isthoeerphhee WC: powesh @dt whighs enabliiagnbidias @ @Ol t age
or current of the AC power to be supplied to or. derived fromthe power
converter istimgr intemruptden datervgl of said processing unit is

divided into thtree subdivided intetvals in proportion to the
10 magnitudes of the voltage or current of the respective LJ
phases of the three-phase AC power and corresponding events
are enabled; -
(b)  processing means artangsd to:execute, for every
timer interruption interval, a step of(calculating a
15 composite phsse angle on the basis of at least a frequsncy L
or frequency instruction of the ths three-phase AC power, a
step of determining one of the operational modes in
accordance with the csiculated composite phass_angle; and a
step of reading out three events belonging_to ths determined
20 mode and corresponding enabling times by retrieving said /
memory in accordance with the calculated composite phase
angle and the detefmined_operational mode; and
(c) output control means, including a timer, for
selecting one of the read-out events every time when the
25 = timer indicates a time coincident with an enanling time

accompanied with an event to be selected to thereby produce .

the gate signals of the switching elements in accordance
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The présent invention will now be déscribed in gréater detail by way of
exanple with reference to the acconpanying draw ngs, wherein: Figs. la nd

| bi_show an induction nmotor control device 15 i ncl udi ng an apparatus for
coﬁTroIIing a PWtcontrol |l ed power convertér in accordance with an

enbodi nent of -the present invention; Fig. 2 is flow chart showi ng a process
of determ ning events and enabling tines at which the respective events are
20 enabl ed; Fig. 3 shows the relation of the duty ratio and the phase

i nstruction [erWithi ther copsent: oft khecselentedceventorti the tdnsg sifhithe
the control operation in the case of a converter; 25 Fig. 4is a

fl ow chart showFRETESPPHELns snabdingn§imBe deternined events and the
enabling times thereof; s. . 5a tq 5d are tine charts for expl.aining

7 Figs.

the timng of executﬁﬁnaoFeFHéEgrGB@syégtgﬁoﬂﬁ PHLERFs O they 9pterisianalss

fl h how f 5 di Lm nat i de in, '
W th'a fotaP phatE Per PRELRAy tngt, Cubenc the Powpr congREtas R CRRcig) Led
tabl e indicati . ' f.th ;of f t f ' f . th
canvertor wi th Fs8AoshBhbRBH. BuakHs. “EhB waRbEhER B SPELTOINEER B 11 me
Al L0 ohodl efkane! B tRbhcoBobr! 86 BAABLpRI1LHTED W' BekIRREClerLh:
the total phase [err];
) the power converter is made a sinusoidal one.

10
The present invention will now be described in_greater
detail by way of example with reference to the accompanying
drawings, wherein:
Figs. la nd 1b show an induction motor control device
i 15 including an apparatus for controlling a PWM-controlled
= power converter in accordance with an embodiment of the
present invention;
Fig. 2 is flow chart showing a process of determining
events and enabling times at which the respective events are
20 enabled;
Fig. 3 shows the relation of the duty ratioY"® and the
phase instruction @' with respect to the current deviation
i for explaining the control operation in the case of a
converter;
25 Fig. 4 is a flow chart showing a process of setting

- the determined events and the enabling times thereof:;



Fig. 9 is a chart showing a tinme relation of the gate signals applied to i
" the transistors; Figs. 10a to | Oy show the detailed tinme relation of--the 15 _
gate signals for the transistors with respect to the waveform of the outhL;
current; Fig. 11 is a flow chart showithg a process within one .
timer-interruption interval by which the events and the enabling-tines

t hereof are set; and 20 Fig. 12 is a flow chart showi ng a process of
an execution controller of the control apparatus shown in Fig. Ib. 25

In Figs. |a andRigsshde rizp &4 anedineicharts£or oxplainiagt Faa,

reference nuneral 1 denotes a three-phase AC power source, 2 a éilt r

capaci tor tdming iof eEesHeom PR Hhe IRRSeTIAT SHPNR R Figfipodeandr 47
transistors 31 to 36, 8 as main smﬁgﬁyin el ement s congected as shown.

Ref erence numer A8 derst & P FREKE A g 3 PTPEREPH3Ee i nverter 5
g AL E X TR RSN ST R R R
AT e CUT S P YRl £ oL EORRMEREA forat o2t T
S o Cemor il SO I e id St e, acbtos bhCeradaigebps o
current i g af{LGdhwd e Sl Fesbect to modes; - '
Fig. 8 is an example of an enabling-time table
10 indicating the relation of the enabling times with respect k,
to the total phase 6, :;
Fig. 9 is a chart showing a time relation of the gate
signals applied to the transistors;
Figs. 10a to 10g show the detailed time relation cf the
15 gate signals for the transistors with respect to the i;;
waveform of the output current; ]
Fig. 11 is a flow chart showing a process within one
timer-interruption interval by which the events and the
enabling times thereof are set; and
20 Fig. 12 is a flow chart showing a process of an

execution controller of the control apparatus shown in

Fig. 1b.

25 . In Figs. la and 1b showing an embodiment of the
present invention, reférence numeral 1 denotes a three-phase
AC power source, 2 a filter capacitor in the input side and

3 a three-phase converter composed of transistors 31 to 36,



.-Reference ‘nunerals 10 and 11 denote processing units, 15 which are
forned by a m.croconputer and produce gate control S|gnals for the ..
tLQ95|stors 31 to 36 and 51 to 56. 20 25 8 a The processing unit 10 for
the inverter 5 and the processing unit 11 gor the converter 3 have al nost
t he sane construction. Accordingly, the description herein will be based
mai nly on the processing unit 10 for the 5 inverter 5, any different
construction and operation relative to the processing unit 11 for the
converter 3 being described as needed. Reference nunmeral 12 is a termnal
t hrough which the current instruction i* is applied to the processing unit
10 11 for thescmaisr switdhingoelémentscesdhngctedt asl shpphi.edReFezence
signal fromthe AC power source 1 through a line 15 for the purpose of
maki ng gate si ghuneradr4t fenoctensasbOrse8ttov 86d &f at tbreernpbaser idverter
synchronismw th the voltage of the AC power source 1. Reference nunerals
13 15 and 14CQPE°§§¢n?ﬁat§aﬂﬁi§§gﬁsmglch0a56FeqaemainiHwitabihqn ws and
a phase instructjon e* are supplied to the processing unit 10 for the
inverter 5. The®pPBRBES; ngonReEted ﬂﬁsSBﬂWPnpubspGPPa{émtaﬁHOEntbﬁtéﬁgare

bus 102 connect thereto, To_the_bus 10 coupled are a read on
menory (ROM) 10 ?O?OQYG?Fﬁﬁ Br %@?aﬁeeahﬂv?ﬁB?EssfSBIHaPaSBTCB&F§§ ﬁPHFﬁ§t
a-random source power converter. Reference numeral 6 indicates a
filter capacitor in the output side and 7 an induction motor
U 10 as a load of the converter. Reference numeral 8 indicates a
DC current detector and 9 a comparator which compares a
current instruction i* with an actual current i detected by
the detector 8.
‘Reference numerals 10 and 11 denote processing units,
;\; 15 which are formed by a microcomputer and produce gate control
signals for the transistors 31 to 36 and 51 to 56.
o/

20

25



* ‘access nmenory (RAM 104 ysed faor registers and tenporary storage of
operation results and an arithnetic logic unit (ALU) 105 for executing
various arithnetic |logic 25 operations. These conponents construct a |
known data processor. The operation result of this processor is output from
an output port 106 after it is subjected8g the processing described |ater.
-9- The processor conposed of ROM 103, RAM 104 and ALU 105 interconnected
by the bus 102 produces events for controlling-the on-off operation of the
transi stors 51 to He ipregessingomid t10 tfer Polke chmventennS tamd bklsé s of the
5 frequen I nstruction, w_and the phase instruction [err]*. The events
are stored i rpquwg i eakh forc| thecanres vebr Ichave 2imeskitthe
transistors are to be on and what_trangjstors are to be off in a certain

tine durat|oﬁaWQMQQQﬁtrqqﬁiﬁﬂtxxﬁﬁﬁﬁrQﬂQSiYkﬂ%#?n¢E§F¥¥E¢¥Q¢mﬁ%ﬁ3MM|ch 10

a predetern1ne For the, conveni ence’ sake, this

tine is call &t \It?e?]n;&é%fijonfqbﬁble%ng?b’{e? {RFOCOF S Hdig#nt hiel Qefor 1 Bhey | |
cori ol 1 dot VRS 1 Ao E R R SO ﬁééfﬂ%ié‘%@iéé’{%m“ 03 e
Lransi stors, %re‘%e?éfgsﬁﬁééﬂﬁf%%‘s?af’ffe%%éﬂﬁé SRR L of the
current fI(mmq¥i ¢]?¥%¥E %f_tran3|stors In_add|t|on to the
processor as descC a ove
Reference numeral 12 is a terminal through which the
current instruction i* is appliea to the processing unit W/
10 11 for the converter 3. To the processing unit 11 applied
is a signal from the AC power source 1 through a line 15
for the purpose of making gate signals for the transistors
31 to 36 of the converter 3 in synchronism with the
voltage of the AC power source 1. Reference numerals 13 %;;'
15 and 14 are terminals through which a frequency instruction
w* and a phase.instruction ©* are supplied to the
processing unit 10 for the inverter 5.
The processing unit 10 has an input port 101 and an
internal bus 102 connected thereto. To the bus 102
20 coupled are a read only memory (ROM) lb3 for storing
progfams and tables"for data of pulse widths, a random
access memory (RAM) 104 used for registers and temporary
storage of operation results and an arithmetic logic unit
(ALU) 105 for executing various arithmetic logic
25 operations. These componénts conétruct a known data
processor. The operation result of this processor 1is
output from an output port 106 after it is subjected to

the processing described later.
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20  processing unit 10 further I ncl udes t he fol | om ng peri pheral devi ces

for controlling the output signals, i.e., an event register 107 for
tenmporari’ly storing an event determined by the processor, a time register
108 for al.so tenporarily storing an enabling tine 25 corresponding to

the event stored in the register 107 at thkat9 t<« me and a hold regi ster 109
for coupling the contents of both the registers 107 and 108 and hol di ng

t hem - 10 - The peripheral devices further include an associative
menory 110, which, aPThesprecesisoawecomposaddatfa RMridE:, RAM 04 randi LU a
| ocation is identified by its informational content rather than by
addresses and f18f éntergonpected &3t 4heapuse 102 produres Rrentsfgr 110
takes data thereinto, which are successively given fromthe hold register
109. Every dat@onk5oilingdyhge 98ro6Edopesati@n af diheyrtransks tors »l to
enabling time acconpanled t hereby, and_therefore the respective events

stored in 10 S6ni8 ﬁﬁﬁﬁF?anﬁ &Fé b the £V agptaRd an tthaikasis RE the

theret 0, t hat | to Sa en a Certa cones, the event aCcco nyl ng
the enablifg ti FECTHRRER Lsetrpetipe bt 1 and cha phads rﬁensqrél%wg%o

t hi . th the t th b,
nformmt onal cERBeRFeREE PaB,EEOrad: tan oM Ao’y Ah i€aet | inadides pene
however, for thgnggﬂﬂg%go%f otfh%h%%sx:r%n %o%r]sd'a Oéo tbhee orperr% v%] é)f the

menory 110, dat
transistors are to be off in a certain time duration.

Further, the processor also determines the time at which
10 - a predetermined_event is to be enabled. For the
convenience' sake, this time is called an enabling time
hereinafter. Although the details will become apparent
later, a series of the events read out from ROM 103 time-
T serially determines the on-off patterns of the respective
15 transistors, which correspond to the pattern of the gate
signals for the transistors. Therefdre, those also
- correspond to the pulse patterns of the current flowing
through the respective transistors.
In addition to thé processor as described above, the
20 processing unit 10 further includes'ghe following
peripheral devices for controiling the output signéls,
i.e., an event register 107 for temporarily stbring an
event determined by the processor, a time register 108
for also temporarily storing an enabling time
25 corresponding to the event stored in the'register 107 at
that time and a hold register 109 for coupling the
contents of both the registers 107 and 108 and'holding

. them.
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he nmenory 110 are circul ated cyclically, an enabling time -
every data is conpared with the 20 ~ time supplied by a tiner
111 in a conparator 112, and when both coincide with each other, an
ontroller 113 is triggered bxgthe out put of the conparat-or 112

an event portion acconpanyi

4

The enabling tinme fromthe nmenory

According to the data of the event read out, the execution

113 agiuates ,ports _Nos. .1 to 6 of the, o
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nstructron w*. To this end, the
made up of an event and an enabling time accompanied
thereby, and therefore the respective events stored in
this memory 110 aré retrieved by the particular times
thereto, that is to say, when a certain time comes, the
event accompanying the enabling time, which is the same
as the certain time, is read out. - In this case,
therefore, the time corresponds to the above described
informational content for identification of the location.

In Fig. 1lb, however, for the purpose of the easy
unde:standing of the operation of the memory 110, data
stored in the memory 110 are circulated cyclically, an
enabling time portion of every data is compared with the
time supplied by a timer 111 in a comparator 112, and
when both coincide with each other, an execution
controller 113 is triggered by the output of the
comparator 112 to read out an event portion accompanying
the enabling time from the memory 110.

According to the data of the event read out, the

execution controller 113 actuates ports Nos. 1 to 6 of

the output port 106 selectively. The signals appearing

or the

A



processing unit 11 takes thereinto the signal in synchronismwith the ...
source voltage through the line 15. 20 The phase instruction e* is
determned in accordance with a current deviation A between the current
inStructiom i* and the actual current i, as shown in Fig. 3. Nanely, until

t he phase instruction e* reaches a predeterdlned value, it increases with
the current 25 deviation [err] with the duty ratio y* of the on-off
operation of the converter 3 maintained at its mninumval ue. Wen the
phase instructi @&t [the [selankad patts Nosl2l toecbcacenladdtoakhe, the duty
rati o* increases up to its maxi mumyvalue with the current deviation i wth
t he phase i nstr GOUIGSHANAGINg kansiskerait51 heopSedet ermi ned val ue. | f,
however, the converter 3 is subjected to only the control of 5 the duty
ratio*, not to the cdme QPefFatian gfsthe gontrolhappacatugementionedr 3 s
not required to _produce the output voltage close to zero, the phase

i nstruction e* "l?e“ﬂ'&i]nf% fPlained N thefallowinge, Fhg.f RedSency
instructiop w* is.,10 _.integrated for every predeterm ned tinme period At,
and the i ngegr atehitmardq £ tﬁf"?‘ﬁe‘}lﬁ)h%s%r?ﬁgﬁﬁbﬁﬂi BRogEam 1009

et or i ned by a EFEmAS GRTRBFATIR [SHEAE Ah ST ef & BL P9 ceBEPHb09: SHBBReent s
s Ch o2 2"k O S ae WS G Pl EERBERBy, EXERL R Pont 5
and the phase instruction 9* are read into the processor
\_ through the input port 101. In case a speed instruction
10 and an actual speed are given, the frequency instruction
| w* and the phase instruction 6* can bé calculated in the
processor, and then step 1100 is substituted by a step at
which the speed instruction 'and the aétual'speed'are'
< taken. | |
15 | Incidentally, in the case of the control for the
converter 3, thé frequency of the AC power source 1l is
used as the ffequency instruction w*, To this end, the
processing unit 11 takeS'thé:eihto the signal in
synchronism with the sdurce voltage through the line 15.
2Q The phase instruction e* is detefmined in accordance with
| a current deviation Ai between the current instruction i*
and the actual éufrent i, as shown in Fig. 3.
Name;y, until the phase instruction ©* reaches a
predetermined Qalue, it increases with the current
25 ldeviation Ai.with the duty :atio.Y* of the on-off
operation of the converter 3 maintained at its minimum

value. When the phase instruction ©* reaches the



conposite phase angle [err] obtained ar step 1200. Particul ar” events are .
prepared for respective one of six nodes obtained by dividing one cycle of ..
the AC current produced by the 20 invel2er 5, ie and electric angle of %—f
[err] by [err] and one of themis selected in accordance with the conposite

phase angl e ' hi Qﬁﬂﬁe éﬁyﬁjﬁunggg I err]
and the nnde%&%?%Fe%gﬂﬁéfiS%ggﬁﬁiﬁﬁﬁ%re eghl ater. ﬁ%ﬁag@ésﬁbgﬁ%a %, at
step 1400, epaRimut WalRe WAtH tHd Hukddit IqEBId#HEn 0N | i €6 Vethe Abhadd |

whi ch the changeover of the events is conducted, are obtained by referring
to an enabl i Agstiriietion @* mAisrtdihddOdtl Ghd pridie tariised evahese ang) e

- 13 - [err]. In this manner, this process determ nes the event to be
stored in thahoweselr,r ahescanviiteand tilze sutafddtedi ttoreonly behstosetroh dhe
time register 108, and as al ready described, both are coupled in the hold
regi st er 5109 thedduty raftdoPtkor exbt rtd heassodiradll \af nehrphddd. 6% n tinet
following, a process 2000 for setting the two itens thus obtained into the
associ ati ve #Snoithel conyeritese 3exis aotedeguilred:fto araduce Fthe autputstep
2100, it is discrimnated wether or not setting of an event and 10 an
enabl i ng ti n¥ol&ager cApse: kO ZeXityi Fhe Phese drsFruatinne Pt Hgn fed. | f
yes, the process.is ended. O herwi se an event is set into the register 107
at step 2200m§§HtP Eﬁgaﬁeﬁﬁhbling time te is set into the register 108 at -

step 2300. This %g%'o%%r E:élsti:le%n '1|2%0r,e.l%?1%t Eg'elé;'?}felnlci} r}.ex-'LS'l:r'uC't:ion w* is

10 integrated for every predetermined time period At, and the

integration result is added to the phase instruction 8% to ~
obtain a composité phase angle 9;.' The aforeéaid time
périod tﬂ is determined by a timer'.interruption, and
therefore the period .t represents“an interruption
15 'inkéfvéi; 'Thereaftef; at step 1300; evénts-for the L

B )

transistors 51 and 56 are determined in accordance with the:
composite phase angle 6, obtained at.step 1200. Particular
events are prepared for respective.one of Six modes obtained
by dividing one cycle of the AC current produced by the

20 inverter 5, ie and electric angle of 360°, by 60°, and one \_/
6f them'ié selected in accordance with the composite phase
angle 8,. The relationship between the compasite.phase

angle @, and the modes will be described in more detail

later.
25 Finally, at step 1400, enabling times t;, within the )
interruption intervélAt, at whiéh the. changeovér of the »

events is'conducfed, are obtained by referring to an

enabling—timeftable stored in ROM 103 by the composite phase angle
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15 - -setting operation is conpleted. Eigs. 5a to 5d show the tinm ng of
bot h- t he processes 1000 and 2000 nentioned above. In Figs. 5a to 5c, the
setting process 2000 is initiated every tinmer interruption which occurs
evﬁfy At, and after the conpletion of this 20 process 2000, the process
1000, by which the event and the enabling« i3 -<40 be used in the process
2000 executed in the succeeding interruption interval, is started. In this
case, since the tinme necessary for discrimnation of the interruption is
short, the intePruption thitsemannex, 26his procésssdetéemtéfes Ther evene tidhe
apparatus can operate at_the high frequency. -14- If a second tiner
i nterruption sigﬁa5t§§&ﬂu¥n1ﬁh¢Fﬂgﬁnthe téri 302aanddthei enabdinkge time
timer-interruption signal 5 shown in Fig. 5a, is provided and the process
1000 i s startedtBybehEtogsedhdn ithe -timerregister s198al andsashelmeadydot t ed
lines in Fig. 5¢, the newest data can be set in the setting_ process 2000.
As descri bed abaﬁéFf&P@érvdih?d:h Rhhcwped nbnt thef heid 1pegisser 109 and

predet erm ped eyents and the engbling tipes, accompanyi ng the events have
been set iﬁto t%gegﬁ§§8r aiy r%é%ﬂﬁﬁﬁ¥&YﬁmﬂF@ﬂéYr%gﬂsters 107 and 108
and the hold register,_109, t associative nenory_ 11 | ays the role of the
control of the outpu?npg%f ﬁﬁi%ﬂ?%qﬁn 3 RF OR300 ¢ Aboseltonarthel $wo
103, RV 104 anqghY 1% Sl FAR S AL B e £90 hhory TA8°5ITH"O

be explained with reference to Fig. 4. At step 2100, it

U is'diggriminated whether or not setting of an event and
10 an enabling time te¢ for all the transistors 51 to 56 has
been completed. If yes, the process is ended. Otherwise
an event is set into.the register 107 af step 2200 and
then an enabling time te is set into the tééisté; 108 at
\;j step 2300. This loop operation is repeaﬁed until the
15 setting operation is completed.
'Figs. 5a to 54 show ﬁhe timiné of both.the processes
1000 and 2000 mentioned above. ‘In Figs. 5a to 5¢, the
setting process 2000 is initiéted every_fimer interruption
which occurs every At, and after the coﬁpletion of this
20 process'2000, the process 1000, by which the event and
the enabling time to be usgd in the pfocess 2000 executed
in the succeeding interruptionlintérval, is sfarted. In
this caée, sihce the Eime necessary for discrimination of
the interru?tién is short, the intgrruption interval At
25 | can be shortened. Therefore, the'épparatus can operate

at the high frequency.



Ref'erring next to Fig. 6, step 1300 in Fig. 2, ie the determ nation step of
"the events, will be explained. In the case of the inverter control of this .
enbodi rent, as al ready 20 descri bed, _t si x nodes are changed at every:. r
electric angle [err], and every node is répeated at every 360 in thg g
el ectric angle of the AC output current of the inverter 5. Nanely, the six
nodes are circulated within one cycle of the AC output current. of the
inverter 5, and one. of themis 25 sel ected in accordance with the
cal cul ated conposite phase angle et. For this purpose, the range of the

present commost & PeReAN SR kb L iR MAGHAR s il 30 445 1350

and one of the siX I's Sél response to the

g i1 nat i t. F L . ; | &
| scrim natsan LAIML 1sUakisl pricfats s AmRASRAMRANISIAI] as

the 5 result e calculation™at step he region of O

to 360, gt heshs%oan(:?ﬁggssfa,r%i Boligedddind YhelprodidAaldon 2 3600 to

return the conposite p e angle[err] within the range of 0 to 360 is

conduct ed akthieeBesynthad seconde tinesessited rafptiloeP slidfifal AasvisHowe B
described | ater, every node is conposed of plural events; three events in

this enbodi gettedl Qiheg. in Figre5cs thewnewest datanmdos bd smid IvG, thee
conbi nation of the transistor to be on in the overall duration of the tiner
i nterrupti osettingyaicofess] 2800.t he 15 transistors to be on only for the =
respective periods defined by the enabling times within the interrqption
interval [err]. As describéd above, according to the embodiment, after
10 the predetermined events and the enabling times accompanying

the events have been set into the associative memory 110

through the registers 107 and 108 and the bold register 109,

the associative memorj 110 plays the role of the control of

-the .output port 106 so that the processer composed of ROM

15 103, RAM 104 and ALU 105 is released from the output control
' ' ' 4

precessing.

Referring next to Fig. 6, step 1300 in Fig. 2, ie the
determination step of the events, will be exélained. In the
case of the'inverter control of this eﬁbodimeﬁt; as already

20 described, the six modes are changed at every electric angle ‘-
60°, and every mode is repeated at every 360° in the
electric angle of the Ac.output current of the inverter 5;
Namely, the six modes afe circulated within ehe cycle of the
AC output cﬁrreht of the inverter 5, and'ohe.of them is

25 selected in accordance with the eelcﬁlated combosife phase
angle 8,. For this purpose, the raﬁge of the preeent .
compoeite phase.engle 6, is discriminated at etepe 1310 to

1350, and one of the six modes M1 and M6 is selected in

e r—— et e m e = for s e =



A group of the later transistors includes the transistor to be on fromthe
beginning tine point to of the interruption interval [err] to the tine
poi nt [‘err] the transistor to be 20 on fromthe tinme point [err] to the
point jto [erf] and the transistor to-bESon fromthe tine point [err]
to the end of ‘the interruption interval [err], ie to+ t. If, therefore, the
present conposite phase angle is discrimnated, the node is determned to
identify the 25 transistors 51 and 56 to be on or off.. Further, the
transi stors not indicated-in the table of Fig. 7 are maintained to be off
during the whol e period of the respective nodes. -16 - If the on state
of the transi sFTBEPPBSEefspethat ddspyiminaghant hesult.state t hereof by "0",
the events becone as follows: 5 Transi stors
Event 51 52 53 54 sEuggher, Ngn Epéet tl\e compositelphzsesangl%et6)aSo the 1

ti

0 1 O
0O 1 O

11

1 0 0 1 O

32

AN

10

15

20

25

120 1 O

1 0
513 {esBltoofothg cglculgflgﬁdgtzstepllzgo gomgs gutlof the g

rggionzgf10° to, 860Q gﬁe region checﬂ o% maklnglth% 0 0 1

ad§ition or subtraction of 360° to return the composite
phase angle 8, within the range of 0° to 360° is conducted
at the beginning of the processing of step 1300. As will be
described later, every ﬁode is composed of plural events;
three events in this embodiment. |

In Fig. 7 there is shown, for the modes M1 and M6, the
combination of the transistor to be on in the overall
duration of the timer." interruption. interval & t and -the
transistors to be on only for the respective periods defined
by the enabling times within the interruption interval At.
A group of the later transistors includes the transistor to
be on from the beginning time point t, of the interruption
intervalA t to the time point tO+t_,, the transistor to be
on from the time point t,+t,, to the time point t,+t,, and
the transistor to be on from the time point t,+t,, to the
end of the interruption intervalat, ie t,+ t.

If, therefore, the present composite phase angle is-
discriminated, the mode is determined to identify the
transistors 51 and 56 to be on or off. Further, the
transistors not indicated in the table of Fig. 7 are
maintained to be off during the whole period of the

respective modes.
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0 420 1 0 0 1 O 43 25

0 51 Mode 5 0 01 1 0 O

0 O 61 30 Mode 6

1 63 -17- Incidental ly, when notin

above, for exanple, it wll

in accordance withg hg,
the whole 5 duratio

0 1 0 0 1 33200 1.0 0 0 1

~ ..

41 Mode 0 1 01 0

010 1 0

52 1 0 01 0 O 530 0 1 1,
1 0 1 O 620 0 1 O () ed
e transistor 51 in the table

d‘%[h

be understood that it

P Fiae i L0 BERY1ERE Wik eptase i by

mai ntai ned NONCONHEiNE SO Stdid XndEdd P

interval At, then made conductive for a sec

nonconductlvesa@mlldﬁgga.thlrd and last period. 10

respect to the transistor 52,

and with respect to the transistor 53 "100".
55 is "111", and this pattern neans that it

the pattern of

kRN
d. Eef

its o
The
“is mai

throughSthe whol e duration of the mmkaﬂ513ﬁ$§515
are kept nonconduct i ve t hr ough t@i 52 53 54 55 56

( Port No.

10 Mode 1

Mode 2
15 '

Mode 3
20

Mode 4
25 :

Mode 5.
30 Mode 6

1l

2

o

3

o

4

5 6

repeats the on-off states

interruption
5 s¥aRs Become
Slnllarly, W th
n-of f operation is "001"
pattern of the tran5|stor
nt ai ned conductive
Eyapgi stors 54 and 56

No.

11

13 ' o/

21
22
23

31 Lo v 4
32
33

41

42 _

43 _ \.)
51

52

53

61

62

63



whol e duration of the nbde.. 1. These patterns are the pul se patterns which
have been already described. The sane as nentioned above is applied to the
cases of, other nodes 2 to 6. 20 Further, the aforesaid first period
cort esponds to the period fromthe beginning time point to of the
interruption.nterval [err] to [err] and th&7tinme point tO+tel is called a
first enabling tine. The above nentioned second period is fromJ[err] and

t he 25 time point [err] is called a second enabling tinme. The, |ast
period is from t O+t eZncddensaddy owhene nating he ckrapsister Al in the
[err] -18- Next, let us naote the on-off, states of the whole_transistors

51 to 56 at a cbaPdpnabpve, fof exgmpieasndt ikl e endersteod  thateite
direction. The pattern of "0" %&%t"l" when, t hus vi ewed i ngdj cates the event,
i.e., 5 t he FRPEAYE: tBf ON- stahes dmraceRrdance With herattern

LSS 3 o 00he B s SIS PO LR B B, i1

cocor dances (N ablSsRU5 oo el Rt "oy e BB or 5L, R cvem

N 122 (e *RathsRiAN MR ool £ R pbDEob I FIRREROEREDY, 0

enabling time [‘fﬁuer?ﬁﬁﬁbnt rl%t%‘f%l NQ:, %é!’? made conductive for a
second period, and made nonconductive again for a third
and last périod.-

10 Similarly, with respect to the transistor 52, the
pattern of its on-off operation is "001", and with respect
to the transistor 53 "100". The pattern of the transistor
55 is "111", and this pattern means that it is maintained

conductive through the whole duration of the mode 1. The

PH
é\ .

15 transistors 54 and 56 are kept nonconductive through the
_whole duration of the mode 1. These patterns are the
pulse patterns which have been already described. The
same as mentioned above is applied to the cases of other
modes 2 to 6.

20 Further, the aforesaid first period'corresponds to
the period from the beginning time point tg of the
interruption interval At to tg+te}, and the time point
tp*ttel is called a first enabling time. The above
mentioned second period is from tg+tey] to tgttez, and the

25 time point t6+te2 is called a second enabling time. The
last period is from tg+tez to the end of the interruption

interval At, i.e., tg+At.



15‘ changéd over to tHe event No. 13, and the trénsiSths 51 to 56 are

controlled in accordance therewith until the end of -the interruption -

intefval [err] i.e., [err] To sumup, the three events belonging to the \

mode 1 are repeated for every interruption interval At through 20 « the

whol e duration of the node 1 while beTnbacnanged over at the enabling tines

tel and te2. As a result, the on- off states of the transistors 51 to 56
ted f i nt ti i nt At duri t de. 1. The sane

1 true of the ASKE,yReRt Ry MRsAoshe RBLEFtates OF \fhe WBSLFence to

Fig. 8, a process _for obtaini the first and second, enablipg tipes tel and

Fefr1 i o PEERRETahEES AL 18 PRoRtomadShhatn fLB8 s i 18- bev HE¥CERBed

-19- in the_followng. $Sin tgf out put cuysent of th inver%gr 5 i%

: t abqye.: e tr - - : e

requi red t otBELST ApREES TR, EBEIAE MNVERARM LA STEAPR  (EO% RAFESER PRe

the 5 1 nidrrOBR oh; MRER ahug VATASE tndReRede SR8 FR6nR" « fehmgni t udes

of [erg] an e ' a Jph di %%ng r ith re C sin

et. | ng ot hegh%?ég?p@égqgﬁagﬁ i %}%ﬁ r’r:fe"jatqe aﬁod:o% eé‘e%réo \é!é% e?{rln' %gg Eé'ggg

function of phase &1 ﬁggef | PViE L0k :

tel = [err]t%gésigEgkﬂggt% st,::ané,%y e"oté%aién)\é& va%%gy%ﬁ %‘%g"?éz are

tabulated with rgspeelihg1y)e irPlitdle MEHE £l £oF Stamste! NeREM 103 or RAM
104 in - : '

transistors 51 to 56 are made on or off in accordance
with the event No. 11 from the beginning of the | U
10  interruption interval At, and the event No. 1l is changed
over to the event No. 12 at the first enabling time
totter1. After that, the transistors 51 to 56 are made on
or off in accordance with the event No. 12. When the
second enabling time tg+tez comes, the event No. 12 is /%.J
15 changed over to the event No. 13, and the transistors 51
to 56 are controlled in accordance therewith until the
end of the interruption interval At, i;e., to+4t.
To sum up, the three events belonging to the mode 1
are repeated for every interruption interval 4t through
20 the whole duration of the mode 1 while being changed over
at the enabling times tgj and tegs. As a result, the on-
off states of the transistors 51 to 56 are repeated for
every interruption interval At during the mode 1. The
same is true of the cases of other modes 2 to 6.
25 | With reference to Fig. 8, a-érocess for obtaining
the first and second enabling times tgj and teg3, i.e.,

step 1400 in the flow chart of Fig. 2, will be described



advance. Therefore, they can be retrieved by the total 15 phase et. In
Fig. 8, the values of tel and te2 are tabul ated only-for one node, i.e.,
with respect"to the range of 60. Fromthe the relationship of the waveforns
af./t hree sjnusoirdal waves having the phase difference of [err] from 20

onie anot her, however, it- will be understogqd ghat the enabling times in

ot her nodes can be determ ned by shifting t%e val ues of the enabling tines
obtained fromthe table of Fig. 8 by the anmount corresponding to the

angul ar differeppetnb E@iﬂﬁﬁﬂﬁaﬂi‘Siﬂﬂékﬁhéréﬁﬂéﬁﬁféﬁ%&éﬁ& of "BHle. There
Is shown in Fig. 9 exanples of 'gate signals S51 to S56 for rendering the

transistors 51 faveete? O is reduired fto BB O afife ODi RUSSIGAD waee PR¥A
menti oned manner and output fromthe ports Nes. 1 to 6 of the output port

106. The wavef ovjewedowt dermisialsriob ey fittef arspaciitor 6p thétprasentn
whi ch, however, the tine factor is taken 5 i nto consideration.- Figs. | Ca

to | og show t heenbodiment! usesarthe imethod hef it dibutingothé&ig. 9. Fig.
| Ca shows three sinusoidal waves U, V and W which have the phase
di f f erenceSof [ énteriuphbione interdwal snlion fthe ties peroHdalbatioobf 66be
These sinusoi dal waves correspond to the output current of the inverter 5
viewed at the toeghisudess afhsin (@erl2dhacdandrsin (6¢-240°) having a phase
difference of 120° with respect to sin 6¢. 1In other
words, the enabling time tq3 and téz are determined as a
U function of the total phase ©¢ by the following formulas:
10 tel = At - sin(@g-240°) |
te2 = tel + At'sin®
The obtained values tg] and tgy are tabulated with respect
-to tHe total phase ©; and stored in ROM 103 or RAM 104 in

advance. Therefore, they can be retrieved by the total

) 15_-' phase O,
In Fig. 8, the values of tg] and tep are tabulated
only for one mode, i.e., with respec£ to the range of
. - .60°. From the the relationship of the waveforms of three
\/

sinusoidal waves having the phase difference of 120° from
20 one another, however, it will be understood that the

enabling times in other modes can be ‘determined by

shifting the values of the ehabling times obtained from

the table of Fig. 8 by the amount corresponding'to the

angular difference.of the respective modes from the one
25 - mode.

There is shown in Fig. 9 examples of gate signals

851 to S56 for rendering the transistors 51 to 56 on or
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In.the node 1, as apparent fromthe tabte of Fig. 7, the gate™signals are-
given to the transistors 51 to 53 15 and 55. Thereanong, the transistor
55 is given the gate signal through the whole period of the node 1, as N
shown in Fig. |1OF. Wthin the interruption interval [err] the transistor Sl
is given the gate signal fromto to [eTr?20 as shown in Fig. |Qd. -Simlarly,
the transistor 51 is 20 given the gate signal fromJ[err}] to [err] and
then the trangistor,52 is given the gate signal from[err] to [err], as
shown in Fi g%fs t othigh are obtainedsim thenabaye mentigngd mannenuyndt he
respective tragsistgrs have the sane waveforns as shown in Figs. (b to

| od. 25 outpyt Lremnthe PRELS| §EBe, 1t KO Surcfe thienwtnpt Parl & t he
gate signal 5,,S51, $52 and 3 are_pr rtiqQnal, to the magnitudes u,_ v and w
of the corrzgﬂﬁdﬁ?“ QMBI sBRAYR arg~§§%§r ﬁ@é.ﬁy \rhe, RERLERAGA i PUlSe.

wavef or s abSHEAFAFh HeniFhy BoREBRT arben fana SAPT HE raRER
capaci%pr 6 §£%$m§émggﬁgfgﬁ£ﬁﬁsoidal waves as shown in 5 Fig. 10a. By

the way, during t P S52 exists, a DC side of the inverter 5 is

il tancousl y. aBThctafaroot0h° pREuT e, AeERITA R 4 Haln chotir e

toward 10 ) adust nof er i nqt ha ur gtai_0 ' of the r
t [ ] o - L]
I mpr ovenent cﬁéT¢$§€;£é?€?%{ é?e?;gob aln?% t%@a %ho#é"ﬁﬂf%%
sinusoidal_waves u, V and W, which have the phase
difference of'120° f;om one another, only for the period U
10 of 60°. These sinusoidal waves correspond to the output

current of the inverter 5 viewed at the terminals of the
filter capacitor 6. |
| In the mode 1, és apparent from the table of-Fig. 7,
the gate signals are g§ven to the transistors 51 to 53 ﬁ,?
15 and 55. Thereamong, the transistor 55 is given the gate
signal through the whole period of the mode 1, as shown
in Fig. ldf. Within the interruption interval aAt, the
transistor 53 is given the gate signal from tg to tg+tgy, Y
as shown in Fig. 104. _Similarly, the transistor 51 is
20 given the gate signal from tg+te] to tg+tes, and then the
transistor 52 is given the gate signal from tg+tes to
to+Aat, as shown in Figs. 10b and 10c. As a result, the
| currents flowing through the respective transistors have
the same waveforms as shown in Figs. 10b to 104.
25 As shown in the figure, the pulse widths u; v and w

of the gate signals S51, S52 and S53 are proportional to

thg magnitudgs u, v and w of the corresponding sinusoidal
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_ preferabl e sinusoidal wave, it is desirable that the m ni rum pul se w dt h- of
- the-gate signal S52 is as narrow as possible; ideally zero. However, the:

m ni-mum of this 15 duration is limted to the discharge tinme nmentioned
above. The valué vo in Fig. 10a is determned in accordance with the

di scharge tine, and the value v is neasured dh i ew of the value vo. In the
case of the control of the converter 3, the 20 above nentioned fornul as
for obtaining the first and second enabling tinmes tel and te2 are necessary
to be nodified aaves | BnsY dndalsshown innFigh &ﬂabheT&thfnmﬁn)qbeiqntput
conducted in the inverter 3. tel =J[err] 25 te2 = [err]
Nanely, the emﬂﬂﬂf@ﬁﬁtﬁn@ftbheahaveéternSbhWblchséaaﬁetQEt§ﬁm@dMaV8f0rmS
accordance with the product of the dutz rati o -22- Y* and the nagnitudes
of the two-sinus®$ cehowRviB. FEass ndPdb fa 10ds akscavegagedndydihe fiditery
Is small, both tel and te2 becone al so smal |l arent fromFigs. lob to
lod, if tel and ¢3paGikoxf| tOo becppesthe §é§Bﬁ9§dP§r yavesa s phown in
duratlon |%: h thﬁ upper and |lower transistors of the same phase are
conduct i ve |nul 19001%®y, . is extended so that the decrease of the duty

EAERERS L U St e Pt
; side of the inverter 5 is short-clrcu;ted by the
transistors 52 and 55 made conductive simultaneously, and
the charge of the filter capacitor'G is discharged toward
10 the induction motor 7 in that duration. In view of the
improvement of thé waveform, i.e., obtaining the
preferable sinusoidal wave, it is desirable that the
-minimum pulse width of the gate sighal S52 is as narrow
p as possible; ideally zero. However, the minimum of this
15 duration is limited to the discharge time mentioned
above. The value'vo in Fig. 10a is determined in
accordance with the discharge time, and the value v is
measured in view of the value vg.
 In the case of the control of the converter 3, the
20 ' above mentioned formulas for obtaining the first and
second enabling times tg; and tgp are necessary to be
modified as follows, because the control of the duty ratio
v* is conducted in the invefter 3: | |
tel = At.sin(©-240°) .Y*
25 te2 = te1 + At-51n9t oYk
Namely, the enabling. times tel and tez in thlS case are

obtained in accordance with the product of the duty ratio



taking the node 1 indicated in detail in Figs. |0Ca to | og as an exanpl e.
Further,. al though, in Fig. 4, the flow chart of this process has been e
i 1| Gsteated with the | oop construction so as to facilitate the

under standing, this 15 . process actual lgp flows in series as shown in Fig.
11. Fig. 11 shows the flow of the processing for one interruption interval
At fromtime toto tinme [err] shown in Fig. 10. First of all, at step 2410,

the event Noyal fqy tﬂ&§né§.gi€%§ééea€ythedwat e¢huaid dalle vidves O+t d are 20

set in the rgglsters 10 respectively, so that the transistor 55,

which is mai g diesk CoﬂduéﬁiyecébéQUGHethh\éhahﬁgpQ@tQ@ Of* 13 dp BT J upti on

interval At, and the transi stor 53, which is conductive between to and

[err] are _turmﬁgh o), planidiet{s BedOnE! alleor kmall. As apparenthefrowrds, the
event setting is conducted In the register 107 so that thée signals ."1 may

be generat ed migs helgwrts W&, Bfatgd)Sandr tgspane Bhald,t Re-t (ENEHELPY S
- 23 - 53 and 55, and the tinme setting is conducted such that a
pr edet ersni necbdcomes dlasgeddeamé byt bhepdasattioni,nd npehiictt cheendapier

additional result is set in the register 108. Since, at this time, the
turn-on of tlend rlowésttransSistofs afidthe isamecphasar \arteo donducstitwne | vy
effected, a value as snmall as possible should be selected for the
pr edet er m nedsinuktaneously, r tsuextendededonithatd thiec dacrease) of nehere
taken into the associative nmenory 110 through the hold reglster 109. When
the timer 111duty ratioY * is realized. _ _
Next, there is shown in Fig. 11 in detail a flow U
10 ..chaft of the_evént setting process, which is embodied by
taking the mdde 1 indicated in detail in Figs. 1l0a to 1l0g
as an éxampie; Further, although, in Fig. 4, the flow
chért of thi$ p;ccess has been illustrated with the loop
construction so as to facilitate the understanding, this g*;
15 process.actually flows in series as_shbwn'in Fig. 1ll.
Fig. 11 shows the flow of the processing for one
interruption inteival At frém time tp to time tg+At shown
in Fig. 10. PFirst of éll, at step 2410, the event No. 1
(CE£. the table already indicated) and the time tg+tg are
20 set in the registers 107 and 108, respectively, so that
the'trahsistor 55, which is maintained.conductiQe through
the whoie period of the interruption interval At, and the
transistor 53, which is conductive between tp and.to+te1,
are turned on at the time point tg+tqg.
25 In othe; words, the event setting is conducted in

the regiéter 107 so that the signals "1" may be generated

at the potts Nos. 3 and 5 corresponding to the transistors



10 . indi.cates the tine to, the event is read out fromthe associative
menoiy 110, and after the lapse of tinme td fromthe time to, the signgle®
‘1" are outpuf to the transistors 53 and 55 through the ports Nos. 3 and 5.
The/ addltlon of the predetermined tine td i 5 conducted for the.
foll owing reason. A certain time necessaril|4’ el apses by the time the event
is set in the associative nmenory 110 and read out therefrom Therefore, the

he conpar at or T S (15 Y 9B f’f%%ﬁn%@*é%ﬂ ATRoFORuELeR SHSH kR a,
port 106. At st rm{ﬁ%ﬂ t uppt h 0 c e_of. the
. Pr fee fifie 263 B! L8G4 h En@OpRLBkAL mg p

oper ati on node he abrupt change o ase | structlon

exanple, it is qsaﬁfalr{dméhéf\’f&iidﬂu%ai‘% ebfige! ié“%%t hSthe P‘ég?gte?t 1to*éat

time are 25 . really made off For I'S process, e assocl atrve neno
110 is used in the s@®End@ ngt @Fid heime OCERs @&%9—05' Bfethéet%ﬁ@&s't%ésm S

process is to make the transistors - ba" nonconducti ve, IS SO set

that the sisgnal $3 Qind 188 i® meressdef €6 séelﬁsthﬁtMSefiec@eM an@aﬁue
After that, the process that the transistor 53 may be nade off at time

tOtteln i s condas eshall deposEiblé shodl@ becskleatedt £6pchhkhat the
signal "O' is output at the port No. 3, and the tinme is set at [ERR] At

step 2440, nor e@radetémminehttine sty setAshat resulthethemavehBRanhehe
transistor 53 is nmade on and the transistor
enabling time are taken into the associative memory 110
through the hold :ggister 109. When the timer 111
10 indicates the time tg, the event is read out- from the
assoéiative memory 110, and after the lapse of time tg
from the time ty, the signals "1" are output to the
transistors.53 .and 55 through the ports Nos. 3 and 5.
Y The addition of the predetermined time tg is
I 15 conducted for the following reason. A certain time
| .necessarily elapses by the time the event is set in the
associative memory 110 and read out therefrom. Therefore,
the setting of tolwithout the addition of tg would not
result in coincidence in the comparator 112 so that the
20 event could not be given to the output port 106.

) At step 2420, unde: the assumption of the possible
change of'the operation mode due to the abrupt change of
the phase instruction ©*, for example, it is confirmed
whether or not the transistors to be off at that time are

v 25 ;eally made off. For this process, the associative memory

110 is used in the same manner as the process 2410. Since

‘the event in this process is to make the transistors



53 s made off. 10 -~ Incidentally, here are set at the sane tine
poiat the turn-off of the transistor 53 and the turn-on of the transistor.-.
51. HowWever, it is possible to nmake the foll owi ng consideration in order~t25
prevent the occurrence of overvoltage. Nanely, the tines teln set-ln stebs*
2430' 15 and 2440 are nade different & rn-each other so that, in a

current source inverter, the conductive period of both the tranS|stors 53
and 51 is overl apped and, on the contrary, it is not overlapped in a

vol t age sour ponconductive) it is soNest, thatsthe 34ghalshe 0vandy dbel t he
time are set such that the transistor 51 is turned off at the tinme tOtte2n,
and at step @@ﬁhraﬁudsaxt&hg)pﬁrtﬂeﬂeseni,azd #hand 68 i s conducted such
that the transistor 52 is turned on at the tine [err]. 25 Ref erri ng
next to Fig. 12, tAfttexxpthaty |bmevptbcbssrrabato1thleh¢r@|msn.ﬁhqm5cﬁ mage
execution controller 113. At step 1131, it is discrimnated whether or not

- there is beomadm ofif ak bime hbotbajmr dsocondrcted @t istep FAARd when
there exists the tine stored in the associative nenory 110, 5 which

coi nci ds wi fMheyrevantuais tsee swehcthal bhet sdgnade" 071148 wtsput at .
di scrimination operation |s repeated until the output of the cqonparator 112
is found. If the RARH IO 0f3 ¢ andokher kive 1§25@(§c@rts tottelnrent®P AP

executed is re out at ste 132. Nanel,y, when
%&' moreover? e event 1 [-Te) set fiat, at the time

tottelns the transistor 53 is made on and the transistor

53 is made off. . | | - -
10 : Incidentally; here ére'set at the same time point

the turn-off of the transistor 53 and the turn-on of the

transistor 51. However, it is possiblé to make the

following consideration in order to prevent the occurrence

of overvoltage. Namely, the tlmes teln set in steps 2430 *‘-
15 and 2440 are made different from each other so that, in a

current source inverter, the cbnduétive period 6f both

the transistors 53 and 51 is overlapped and, 6n the

contrary, it is not overlapped in a voltage source W,
inverter.
20 Next, at step 2450, the event and the time are set

_such that the transistor 51 is turned off at the time
to+tezn, and at step 2460, the setting éf the event and
the time is conducted such that the transistor 52 is
turned on at the time t0+te2n-  . _

25 Referring next to Fig. 12, the explanatlon will be
made of the operation of the execution controller 113.

Ai step 1131, it'is:discriminaﬁed ﬁhether or not there is



-

10 tinme el apses and the set tine comes, the event acconpanying the~set -
time is read qut. At step 1133, the voltage level to be output at the  *
output port 106 is discrimnated. At step ;1§§,_it i s deternmined what °
‘tNasfsi stors 51 and 56 are to be turned on or“off, and the voltage |evel of
the ports 15 : corresponding to the transistors to be turned on is nade at
"1". At step 1135, the signals are output to the selected ports of the

out put port 106. Thus, in the present enbodi nent descri bed above, the
processor portion included in the processing unit 10 only 20 conduct s,
for every interruption interval t, the processes of calculating the
conposi te phascammptoitrof timel cdmparaesr ehbd) iwipichots prvedused Avhen
conpl etion of the aforesaid processes, the processing result is delivered
to the output ceherelepists otheobime sstoredicimstheiassociathve ymemaryt 3105

related parts and subjected to the processing necessary for driving the
transistors® whigh gaincidesfwithtan raptuak time cindicated by other tipar

whi ch t he carriiilwave and_t he podul ati ng wave are conpar w,th 5 e

other, therefore:tit T@??mﬁﬁ??ﬁ%@*ﬁﬂ?&?ﬂn°Rﬁﬂ§¢$%ﬂe*?ggﬁﬁggt?ﬂeuﬁF$4ﬁﬁﬂ?ty
that the processor portion is restrajne he_conti nuous conpari son of
the two waves t%‘fﬁ}g"ﬁ ?%e %rﬁ?@aﬁaﬂf’ﬁglf%v}e?t%?mb t also to attain the
T vt o ST o M AT 7 e e SE SR PRSI Do SR
[err] is to be executed is read out at step 1132. Namely, when the
\_ 10 time elapses and the set time comes, the event accompanying
the set time is read out. At step 1133, the voltage level
‘to be output at the output port 106 is discriminated. At
step 1134, it is determined what transistors 51 and 56 are
to be turned on or off, and the'voltage level of the ports
%énf 15 corresponding to the transistors to be turned on is made at
"l". At step 1135, the signals are output to the selected
ports of the output port 106.
Thus, in the present embodiment described above, the
processor portion included in the processing unit 10 only
20 conducts, for every interruption interval &4 t, the processes
- of calculating the composite phase angle 6, and the times
enabling those events. After completion of the aforesaid
processes, the pfocessing result is delivered to the output
 control portion comprising-the associative memory and its
25 ' related parts and éubjected to the processing necessary for

driving the transistors.



cal cul ated by using the frequency |nstruct|on mﬁ and the phase i nstructi.on
[err] whil e considering the so-called vector control .of an induction notor.
It is to be understood, 15 however, that a |load of the inverter and the Q o
control nethod thereof have nothing to do ¢ t-h the essential point of the \_/
present invention. In case, therefore, it is sufficient to give enly the
frequency instruction w, the essence of the present invention is not
deteriorated even if the total 20 phase [err] may be cal cul ated by the
following formula while omtting the phase instruction [err], substituted

for the fornula,in ted at step 1200 in the flow charge of Fig err]
Further, in ffel ﬂe&é?%ﬁf?ﬂﬁ QSSVethFh§Y§§ﬁ@hP5nrg&tﬂﬁ+é§53r§mﬁﬂ1wqﬁg our ce
voltage in t f t he cont r.ol nverter has not been referred

Vo TaCini's PRerRREriencvase BhPnshR e SEING, beye Srs Comtah g

SYnohr onkzi ngogy SSEhes ObnBrgeeasce (IRl ARRd BRALILHY S aeRRst ed for

-27 - every |n?%rrup erva € ZEero cross pornt f the

sour ce vol taafimfaaeeﬁeaaoaiehesiegt LAdE! BReCBEkael. Hordidhls Shase

[err] by a signal occurringrat every zero cros poi nt of "t he source

vol tage. Hows¥gtraiR&dPbgsene Bﬁéﬂhheﬂs'éoﬁBBerEht%Q %%eﬁﬂ%xpﬁkﬁk£¥|ar
nmet hod of synchroni zation. In t e above nentioned enbodi nent, noreover, as

shown in Fi gthBoughethér&bnéfelt b€ $AEONAveRBBL Bt BIR® o2 stairprpd ded -
with respect to only the range of 600 of the variation of the conposite
phase angl e ihpsovanehtd OEdﬂhe_output current. .

10 The description thus far made has been directed to the K.)
embodiment in which the composite phase angle 6, is
calculated by using the frequency instruction w* and the
phase instruction 8* while considering the so-called vector
.control of an induction motor. It is to be understood,

15 however, that a load of the inverter and the control method
thereof have nothing to do with the essential point of the
present invention. In case, therefore, it is sufficient to
‘give only the frequency instruction w¥*, the essence of the
present invention is not deteriorated even if the total _

20 phase 8, may be calculated by the following formula while /
omitting the phase instruction 6*, substituted for the
formula indicated at step 1200 in the flow charge of Fig.2;

6, = wx. t
Further, in the description above, the synchronization

25 with the source voltage in the case of the control of the

converter has not been referred to. In this respect, the E

following methods can be adopted; a method of synchronizing

a series of processes mentioned above which are repeated for



the capacity of the table. If, however, the range is enlarged to [err], ---
there can be attained an effect that the troubl esome operation of .
etermning the enabling tines by 15 converting the cal cul ated conposite
p e angke [err] into the section of 60 is_elimnated although the
capacity of the table wll increase. Fur Thér, ~in Fig. I b, a programmuabl e
I nput /out put function within a one-chip m croconputer used as the 20
processing unit 10 was enpl oyed for the-schedul e processing in the event
setting process. In case the nunber of the ports beconmes short or in case
t he progranmmabl e i nput/output within the one-chip mcroconputer is not
avai | abl e due teve¥rcimterviptien pimtexwabddt swibhl the anerxt eraas péint of
i nput/out put having the simlar function can be used. Hereinafter, the
change in the tthersouxce rupitagei meryarethod |ofisresetbing thecepbeulared
t he application, however, in which the switching frequency of the -
transistors? tRtHhPhISHBy HY R HLIRL PECAITRIRG| 2T RYSFE 38ER G5OFHe
ternperature rise, of the conponents, the necessary change in 5 the

interruption i ARG 0f cthe R Wttage ed HRHRYST bytRRIPTGSSREHIRVention

functi t | t t l tir . d [ ' t

the change i n tib % (LFEERY 10 R Bant i ind Pethon ds, SehFRESH eRF 1 oF

the i t t put

the digital cont ol 19 e MEGRE Mt fonldd ! GNA tho 6, MELOEEP! °bb “bnbum
in Fig. 8, the first and the second enabling times are

10 provided with respect to only the range of 60° of the

—
variation of the composite phase angle 8, so as to reduce
the capacity of the table. If, however, the range is
enlarged to 360°, there can be attained an effect that the
-~ troublesome operation of determining thé enabling times by
f}% 15 converting the calculafed composite phase angle 6, into the
‘ section of 60° is eliminated although the capacity of the
table will increase.
Further, in Fig. 1lb, a programmable input/output
function within a one-chip microcomputer used as the
W,

20 processing unit 10 was employed for the -schedule processing
in the event setting process. In case the number of the
ports becomes short or in case the programmable input/output
within the one-chip microcomputer is not available due to
checking of the port output signals, an external

25 input/output having the similar function can be used.

Hereinafter, the change in the timer-interruption
interval 4 t has not been déscribed. For the application,

however, in which the switching frequency of the transistors
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inmproved and made very close to the sinusoidal wave. As a result, when the
preseht invention is applied to a PW#+ controlled power converter for ——
cont'rolTing an induction 15 notor, there can be attained an effect that \ T
t he notse and the torque ripple can be-rQ@uced to a great extent. 2Q 25 uJ/'
- 29 CLAIMS: 1. Apparatus for controlling a power converter 5 -.capable of
converting DC power into three-phase AC power and/or vice versa by neans of

a pulse width nodul ation (PW) control, having a processing unit for

producing gate signals which turn on or off smﬁtching el enents of the power
converter, said processi g uni t including: ég éhﬁ menor.y _neans

i ncl udi ng abesr &P Bec¥arifdsParrflgCRaPEtEFRaY e FRSTOTS: SN GS ich t he

on or off states of the r ec i switchin nts are deternne é 1 he
conbinationtﬁFmPﬁFEE“ﬁ?fFSF %gﬁt§°8898FﬂFﬁr n DEFEPAR T andl de “of

one cyche ot JotbhgE ?*iaﬁpiﬁ?%?a?rfaﬁ FPEcBgn 8T IRE B REE Y o dliﬂg a
or edet er nin éaiﬂét g{l&ﬂg F%gﬁﬁngg ltaga&ltg%St%t %’[n ;B?-&%% ttihl’ ee- ﬁHase AC

predeternlng se ang e vol tage or curre

power, at "‘Qhﬁh ena@h' ggobbmpgegen%hanehaﬂ ge ihMhe BHAMAHIEN | nterval

of said proce53|h uni di vi into threé subdivided intervals in
proportlon Eﬁe&béncy. _ . _ ¢

According to the present invention, the input or output

-~

10 waveform of a PWM-controlled power converter of the digital K_)

control type using a microcomputer can be remarkably
improved and made very close to the,sinusoidal wave. As a
result, when the present invention is applied to a PWM-
controlled power converter for cqn;rgl;ingJap_induction
15 motor, there can be attained an effect that the noise and ;:}_
the-torque ripple can be reduced to a great extent. k
20 | | | S «

25
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magni tudes of the voltage or current af_the respective phases-of the -
t hree- phase. AC power and correspondi ng events are enabted; - (b)
Qéfgessing‘neansﬁarranged to execute, for every tiner j '

i rval, a step of calculating a conposi LezPrlase angIE mmm!amlsmm a
| east a frequency or frequency instruction of the threesphase pewer, a
step of determ ning one of the operational nodes in accordance with the
cal cul ated conposite phase angle; and a step of 5 reading out three events
bel ongi ng to t eL¥EMB: i ned node and corresponding enabling tines by
retrieving said nenory neans in accordance with the cal cul ated conposite
phase angl e and the determ ned operational nbde; and (c) output control

means, including a t{ner,Afor 10 gelecting fﬁe of the read-out events
every tine when the ttner*PRAFRERRTAT (FARTEGLHLNG AL PAFER SANERELPFNg ti ne

' ] b | d her eb d h
signal s of he. SHPRRFY OE AR S50 R e cLhbp ! HATRE BBRPEnPCoPOTRE
. . BAFEnt “oP ot
ZEpSSEf s Tor CARER VHEE Ferbalod el of BV T80, BabilEsqf o
t

e mode- det of & ek et AaisRg W rdule s8] iy REAEES20PSoFEAAS1HT GARAUEL BN

retrieving 20 the first area of” sal neans i'h accor e Wit

cal cul ated conpasidle ANES ot it ewitdRing Efehdts b AIthE pSUEEY
operational node the information of a switching el ement to be on over the

whol e durati on cdn¥drte®Nsé@id. processing unit including:

U 10 : (a) memory means including a first area for storing
data of events, according to which the on or off states of
the respective switching elements are determined, the
combination of three different events determining an
operational mode of the power.converter, said operational

15 mode being defined by dividing one cycle of voltage or

/\\,

current of the three-phase AC power into six; and a second
area for storing data of enabling times with respect to
- predetermined phase angles of the voltage or current of the
three-phase AC power, at which enabling times a constant
timer interruption interval of said processing unit is
divided into.three subdivided intervals in proportion to the
magnitudes of the voltage or current of the respective
phases of the three-phase AC power and corresponding events
are enabled; -
25 _ (b) processing means arranged to execute, for every
timer interruption interval, a step of calculating'a
composite phase angle on tﬁe basis of at least a frequency

or frequency instruction of the three-phase AC power, a step
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25 'gine I nterruption interval and smﬁtcthg'eIenents to be on only during

" the partigcul ar subdivided intervals. - 31 - 3. Apparatus for controlling -
a power- converter according to aim1l., wherein enabling times—for—a first  ,

5 operational node only are stored Lnsgn_enabling tinetabl e proviged,in t he |
second area of said nmenory neans and enabling ti \m \‘ﬂ“ﬁﬁ‘\ E@ational
nodes are determ ned by shifting values of the egzul 8 i I ned from
the table by the anpunt corresponding to the phase *di f efence of 10 t he
respective operational nodes fromthe first operational node. 4. Apparatus
for controlling a power converter according-to claim1., wherein enabling
times for apf daterminipgepnei ofiathgpaperatdopedr awdes dm asasndapce
timetabl e provided in the second area of said nenory nmeans. 5. Apparatus

for control ¥ith EhpoGelcudaved: epmpesidte phese aRglGiec 3d SRR QRedi ng
clainms, _wherein the 20 _constant tiper interrruption jnterval js varied
based of thEe?@ﬁBSrSPErEhFFEeeHFnFﬁeb§%PPQHPﬂgt@l§H§h9§FQ§m%Qﬁénﬁﬂ for

trolli t di t f _t.h di
Clai s, whoPBAnCEEFESPEnding: BRABLIRD, SABERY REETAevAAG, Sakd ety
whi ch t ' t . g% ol ied b
the respect roghay i, SEERFaRACR. H2ER BHE, b3 cBlRten Seisin a HHE °C
step in the,pLP6esRl"¥nat88termined operational mode; and -

(c) output control means,.including a timer, for

10 selecting one of the read-out events every time when the
timer indicates a time coincident with an enabling time
accompanied with an event to be selected to thereby p:oduce
the gate signals of the switching elements in accordance
with the content of the selected event at the time of the

15 corresponding enabling time. -

2. Apparatus for controlling a power converter
according to claim 1., wherein the mode-determining step
executed by said processing means is conducted by retrieving
20 the first area of said memory means in accordance with the ~
calculated composite phase angle, the first area including
for every operational mode the information of a switching
element to be on over the whole duration of the constant
25 time interruption interval and switching elements to be on

only during the particular subdivided intervals.



- 32 - * C L . M S * and one of the events stored therein is
derived therefromby using the tine indicated by the tinmer_as the .. "
i\nformati onal content for identifying the |location where the corres
5\-event is stored. 7. Apparatus for controlling a pomeg,

according to any one of the preceeding clains, wherein th W ,i”m,'ﬁ"l
S *

angle is calculated in said processing neans 10 by addi ng 'a ghase

i nstruction of the voltage or current of the three-phase AC power to the
val ue obtained by integrating the frequency or its instruction of the
vol tage or current of the _three-phase AC power for every constant tine

interruption intervaB: 15APParagys,for,sondrodddngom PRyexr Saier®fert er

according to any one qf the eceeding clains 1 to_6, wherein the power
converte? conpr%gggrﬂégﬁstPoE393WVérP?W erRiDe epRbdd nEc tdBES. £ Poerf 3T

DC , dth ' 2 e i | cul basi f
a 1 oquencySof BPERTASHRICBPRE,PRF BRE REOTBR 48 AREroRid Ry ARRAracls
a f requency”of VBPEagEHP cHPrEn . e

current i notrucPrasgRs SRR, sbBoRR BERATER Math WBRotE nlerd e So0T ©

Apparat us for CgRbpbRlihhN¢iheBOWRr HRRLE bHeratithdh hoiesABYeO¥e t¥rnifod by

preceeding clains. 1 to~6,

) shifting values of the enabling times obtained from the
table by the amount corfésponding to the phase difference of

10 the respective operational modes from the first operational

mode.

4. Apparatus for controlling a power converter
according-to claim 1., wherein enabling times for. all the
15 operational modes are stored in an enabling timetable

provided in the second area of said memory means.

5. Apparatus for controlling a power converter
aécording to any one of the preceeding claims, wherein the
20 constant timer interrruption interval is varied based on the

temperature rise of the switching elements.

6. Apparatus for controlling a power converter
- according to any one of the preceeding claims, wherein said
25 output control means has an associative memory which
temporarily stores the events and the enabling times
accompanied by the respective events which are read out by

execution of the reading-out step in the processing means,



mherern t he power converter conprises neans for convertrng three phase AC
source power into DC power of the variable voltage by controlling the duty
rati ot of the on-off operation of sw tching el enent , and ;
the 5 enabling tines are deternined in accé2dance mmlmmmmmm f the
duty ratio and the magni tudes of voltages of at |east tew tph#ses of
source power. 10. Apparatus for controlling a pomer converter 10

according to any gne of ‘H]’-‘f eQ,req&esedg ecd ﬂ@réﬁ. f&&é”tLQSeEgééﬁrPg

converter conprises neans Tor COI’IVEI’ ree- ase source power

DC pover, a“st&n"PfrﬂrFes Aimd E%éit Scf?xul%r?é’ @i’m Qspf:t?&efﬁh@ﬂmgﬂéﬁgior

every timer int uption |nterva ronized w.th a zero cross

poi nt of vol aafceit &Ge?%!!ﬁﬂ.r@"’ﬁ{e Ydca iR hele f Phe C@Bi'f&!sbbﬂﬁlﬁg

power converter according to any one of the preceeding clains:

wherei n Bhe Rt GE\EEdEd.conpri ses neans for converting 20 three phase

AC source power into DC power, and the conposite phase angle is reset for
every zero cross point of voltage of the AC source power. 12. Apparatus

for controlling a power-converter 25 substantially as herein describled
reference to and & i | |Apparstecs ifioxt lersomidpinyy | a gpowes cgsverter

according to any one of the preceeding claims,_wherein the
composite phase' angle is calculated in said processing means

10 by adding a phase instruction of the_voltage_or current of
the three-phase AC power to the value obtained by_
integrating the frequency or its instruction of the voltage
or current of the three-phase AC power for every constant
time interruption interval.

15 - | , | -

8. Apparatus for controlling a power eonverter

according to any one of the preceeding claims 1 to 6,
wherein the power converter comprises means for converting

three-phase AC source power into DC power, and the composite

k;

~N
\ A

.20 phase angle is calculated on the basis of a frequency. of /

voltage or cnrrent_of the AC source power and a phase
instruction which is determined in accordance with the
deviation between a current instruction and an actual
current outptt by the converter.
25
9, Apparatus for controlling a power converter

according to any one of the preceeding claims 1 to 6,

/s
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20

25
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wherein the power converter comprises means for converting

three-phase AC source power into DC power of the variable
voltage by controlling the duty ratio of the on-off
operation of switching elements of the converter, and the
enabling times are determined in accordance with the.product
of the duty rat;o and the magnitudes of voltages of at least

two phases of the AC source power.

10. Apparatus for controlling a power converter
according to any one of the preceeding claims 1 to 6,
wherein the power converter comprises means for converting
three-phase AC source power into DC power, and a series of
the steps executed by said processing menas for every timer
interruption interval is synchronized with a.zero. cross

point of voltage of the AC source power.

11. Apparatus for controlling a power converter
according to any one of the preceeding claims 1 to 6,
wherein the power converter comprises means for converting
threé-phase AC source power into DC power, and the composite
phase angle is reset for every zero cross point of voltage

of the AC source power.

12. Apparatus for controlling a power*aonverter
1

ﬁ!
substantially as herein desc!é‘?éf\% ...a,ir.e-fereince to and as
4

illustrated in the accompanying drawxngs.




