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o= 1- : 2229870 "A PONER CONVERTER W TH CURRENT- TYPE
| N\VERTER' 1 The present invention relates to a power converter, with a-.
current-type inverter. 5 10 There has recefptly been suggestzhz?%?o
current-type inverter having an advantage in that the contr ' i
thereof is sinple in configuration and that the noises of the notor driven
by use of it are 15 reduced, as disclosed in JP-A-62-163579. Also, an
appl i'eation of this PWM current-type inverter to the elevator control
requiring high reliabil iphypan¢ouviERiTete wisrH QUNHMAEr-ITv ol tigErMR " 15 at
1987 Nati onal Confer&nceé o € Institute o ectrical Engineers of 20
Japan. The power converter of this type conprises a converter unit and an
i nverter ungt witha DC reactor interposed therebetween. The converter unit
Is subjected to PWWM current-control by a control -unit - 2 - 1 including
a one-chip mcroconputer, and the inverter unit is subjected to frequency
control also by PW control..of a control unit including a mcroconputer.
The m croconputer of the Then\paresentuninverdcisow eselazes oto 5a cposer si gnal
froma power supply for effecting synchro-

converter, with &« current—type inverter.

5
(
10
There has recently been suggested a PWM
current-type inverter having an advantage in that the
control circuit thereof is simple in configuration and
that the noises of the motor driven by use of it are
15 reduced, as disclosed in JP-A-62-163579. Also, an
s application of this PWM current-type inverter to the

elevator control requiring high reliability and quietude
is reported in Article No. 15 at 1987 National
Conference of the Institute of Electrical Engineers of
20 Japan.
The power converter of this type comprises a
.converter unit and an inverter unit with @ DC reactor
interposed therebetween. The converter unit is

subjected to PWM current control by a control unit



ni zation using the sanme. Methods of synchronizaiton with a power supply are

suggested in JP-A-62-171470, JP-A-62-290359, JP-A-63-7165 and JP- A-63-7166.°

The di sadvant ages of the conventi ondl 5t hods, 10 however, are that in the

case where the power synchro- nization fails to be effected with high

accuracy, inelpdisg: guenemchdp mdicrnaeommitbes + andiihe daweer a rippl e

about 6 or 12 times as l|large as the power frequency, and that if the «

i nduct anceuitt A8 EQer@&'é'-te%r tos feguenghcont ik 1380 RY BBl e i s applved

to an induction notar constitgiin a load jhrough the inverter unit,

t her eby unBeBEFSB PEc & SORFrL <ﬂ€$ﬁaﬁq Nt § ML GRAGKTPYER Dy que ri ppl e,

which is ot at,i onal pul.satiqn, ,causes a . vibration or noise in a

mechani cal TS s PYRESGTREF &Fa ay £ 18 PIVSLRET Uik 1eqeiVEs & 20FQ5, an

el evato ' i g .drive n._i ctj npt cO rtable to

ride i n5 \',Iyglkggﬁr %B'ggﬁ‘l\il ?’%% @rﬂ%;* 5\}%1&.% t?‘# f?%fézcgtn]v t%@ﬁet hods by

setting thegsi a e ea | Gl ' l evel . In
ﬁllg?@ggh %“sﬁxﬁe&% O%ief . ‘Me‘i.fhc?éﬁ %é%ﬁd&ﬂf&ﬁié’?{g&?h

spite of t when system s [arge1n capacl e vol une

and cost of,st.he oWeRC e 4 rsq@?ggr}g@v 'd%hI _. e-capacity
system th€e’§"ie:pora([e),S It |tssgr?gca£sdar% t educe %%t t%esiv'gufﬁlrréef% d cost of

the DC reaghQp.go- heypegi-g 3211 oL 1lcyp: N @y s ng this point has
been suggeg?e isr? _rgt%isc?lgte' %ro 1483 1a1$§t1k?eﬁ|1988 Naétméﬁ(s Conf erence of the
Institute of E ectriqhle @1%a@ntadfes of the conventional methods,

10 however, are that in the case where the power synchro- .
nization fails to be effected with high accuracy, the DC : "
output current of the converter unit develops a ripple
about 6 or 12 times as large as the power frequency, and
that if the inductance of the DC reactor is small, the

15 particular ripple is applied to an induction motor
“constituting a load fhroughithe inverter unit, thereby
undesirably causing a torque ripple in the motor. A
torque ripple, which is a rotational pulsation, causes a
vibration or noise in a mechanical system and may damage

20 a joint or the like parts. Also, an elevator which is -:}
driven by an induction motor may become uncomfortable to
ride in. This problem is apparently avoided in the
conventional methods by setting the inductance of the DC
reactor at a sufficiently high level. In spite of this,

25 when the whole system is large in capacity, the volume
and cost of the DC reactor are increased unavoidably.

In a large-capacity system, therefore, it is neceésary

to reduce both thé volume and. cost of the DC reactor




5 Japan. This suggestion was to switch the inverter pulse distribution in
accordance with the DC power -ripple in controlling a current-type inverter
system The output current of the invertef,3hewever, is not necessarily in
si nusoi dal form but contains many hi gh harnmoni c 10 conponents therein. The
torque ripplg ighébesenot reduced sufficiently. JP-A-62-163577, on the

ot her- hand, proposes a system for nmatching the sinusoidal characteristic of

the dwtput of a current-tgpeethngguer foysiapravihg thikd pRFiRCHAL been
utilization of the output current, wherein a predetermned tine interval

di vi ded proportsoggestidt dnt Reticleato.valdsds aaf thee 1988 N tidnamkves of

t hree phases, respectively, at each sanpling. This prior art nethod has yet
to solve the prCbhfesentewbifchkhki Jhs2qthtenmaf Eleoittivale ErigidderowhHut
current are to be renoved selectively and, for this purpose, how the w dth
of the PWM pil séapani o ThisabughestédonAwade tor ishddcibohe invemmew gulseal
met hods fail to_pay sufficient attention to reducing the 25 inductance of a
DC reactor or Hiystnibubhpo donpesondanse midhotheuDCpavesumigple i
inverter systemin full consideration of the control of the inverter unit
thereof. It is, COREFRidirg @i FUrEERt-tyPedivertier System. . The gutpye DC

reactor for a reduced cost or the hi%h har moni ¢ oyt put conponent s, ]
According to a FaFEenEspecther inNerfezscnowever, 1s not necessarily in

sinusoidal form but contains many high harmonic
10 components therein. The torque iipple is thus not
reduced sufficiently.

JP-A-62-163577, on the other hand, proposes a
system for matching the sinusoidal characteristic of the
output of a current-type inverter system with the

15 effective utilization of the output current, wherein a
predetermined time interval divided proportionately to
the instant values of the sinusoidal waves of three
phases, respectively, at each sampling. This prior art
method has yet to solve the problems of which high

&J 20 harmonics contained in the output current are to be
removed selectively and, for this purpose, how the width
of the PWM pulse is to be calculated.

As described above, the conventional methods
fail to pay sufficient attention to reducing the

25 1inductance of a DC reactor or high harmonic components
of the output of a cﬁrrent-type inverter system in full
consideration of the control of the inverter unit

thereof. It is, therefore, difficult to reduce the size



5 invention there is provided a power converter conprising a converter unit
for converting an AC pover into a DC output power, a current-type inverter
unit for inverting the DC output of the converter unit into an AC output, a
DC reactor inserted into a DC circuify 10 connected between the converter
unit and the inverter unit and a control unit for controlling each of the

converter ggiterghdpehe-ddtiass eEorNid 2888E84NTdSt PYrSecnediigipdul ati on
(PWW control, wherein said control unit includes neans for controlli ng\é

15 nodul athaﬂmaﬁtig shtphe b&yﬁ@bh@hﬂg]lt according to an instruction applied
to said control unit. According to a second aspect of the invention there

IS provided a pasebrg@anger tér aonpirstNnGispact ok t @rasyrt f or
converting an AC power 20 into a DC output power; b)" a -current-type

i nverted idmwventtonneditexred hr beaghpzobidedr clat poweronvernventexhe DC out put
power of the inverter unit into an AC out put power; c) a DC reactor
connect ed comprikgénPCactonvertes enhhebor reproeexicing \an tAd} paver t o sai d

i nverter unit; d) a first control unit for controlling said converter

uni t accorélnﬁg 80 DEu oL BME tRPWRKIU| At Ferrenhttype émreer?cer asideond cont r ol
unit for controllin out put frequency of the inverter unit according
t o-pul se mﬁ@?hiﬁ’BBH%&PgoﬁhEOH?r%‘PtP‘éﬁl‘?if ddig cenuarter undt 39 udi ng neans

f or controllln a nodul ati rate
8 output, SE reactor inserted into a DC circuit

10 connected between the converter unit and the inverter
unit and a control unit for controlling each of the : v
converter unit and the inverter unit according to
pulse width moduletion '(PWM) ‘control, nherein said
control wunit includes means for controlling a
15 modulation rate of. the inverter unit .according to an
instruction applied to said control_ unit. |

According to a second aspect of the invention
there is provided a power converter comprising:

a) a converter unit for converting an AC power

20 into a DC output power:;

b) a current-type inverter unit connected
through a DC circuit for converting the DC output
power of the inverter unit into an AC output. power;

c) a DC reactor connected into the DC circuit

25 connecting said converter unit to said ‘inverter unit;

d) a first control unit for controlling said

converter unit according to pulse width\ modulation

control; and

e) a second control unit for controlling an




5 of said inverter unit according to an instruction appl ied to said second
control unit. The introduction of control of the nodulation rate in PW
control of the PWM control system of an inverter unit permts the output
current of the 10 inverter unit to be co ol l ed accurately in accordance
with a predeterm ned instruction, so that~xhe effect of the ripple

superi nposed o e dire current. s li.ed t { i r. and,_f hat of
the H=gh _harm)%luc é’(}:nppﬁéﬁvggs}' ?Jnfe ougpwvglf%regntmg%é %\rég{?_tsr%:ﬂ dt ess to
an_i nducti on Mo e Tyl &g Uboful 8 onl i (KL NIchiA_ Isafiifld QolBEGL OF

| oad control | abl'é Fai { At U ly to an 1 nstruction. The present invention wl|

now be_descri beghie) 19iakAng fedbls Pér/e4neloPanp) esmubilatebhraes |0 L Ne

acconpani ng draw ngs, wherein:- ock™~di agram showi ng a basic

circuit confg ggmt 5aRGOTi y&tEd L NuniiPCabBYPELRE &S Obfll NThdErddteshodi nent
of the present invention. Fig. -2 is a flowhart of the event conputation |lo
processi Ng acc@pPlited £l sbdtid Gdnthel passeEnt invention. Fig. 3 is a
timng chart show ng an exanpl e of pulse pattern given to each transistor
of the inverter unitrien fheredbetioantofheontirnlFigf thelSmodulation  Fig.
4 is a diagramf.or explaining the operation of step F1400 in the flowchart
of Fig-~2. Figrate sim PWMwcbatirodf dfhetheyePWMseonitmgl system of an

inverter unit permits the output current of the

10 inverter unit to be controlled accurately in

g,, accordance with a predetermined instruction, so that
the effect of the ripple superimposed on the direct

current supplied to



processing for a pulse pattern effected in a mcroconputer 10 according to
an enbodi nent of the 20 present invention. Fig. 6 is a block diagram

‘'showi ng a basic circuit configuration of5a current-type inverter according
to a second enbodi nent of the present invention. 25 Fig. 7is a

fl owcharl othehgn¢eetierC @miau itdato e $5igl Hatnidifi ¢ rdwthomenit $hefn in
Fig. 6. Figs. 8A and 8B are di agrans showi ng the 1 relationship between

the rippl e gnepeReputoturientCary tauinsiit tdde 1y ans ian Mdddeiswdul atd on
rate data effected according to the enbodi nent showmn in Fig. 6. Fig. 9 is a

bl ock di agrmeteltomwakdng lusiac 1vad ,r ahius ek imgyrde dndictai anurmetdr t ype
inverter according to a third enbodi mrent of the present invention. Fig. 10
is a fl owchart lehdwicogtiriod lakdet fedhhfiudtliyortprascesss topgtiaeme enbodi nent
shown in Fig. 10 9. Fig. 11 is a.block diagram showi ng a basic circuit
configuration of a cufherRresgpe inw@rlperwzégcmbﬁgdqsgraber%emqreéﬁ%di ment

of the pr e.sgé'\faiﬁn}}c{f%' ¥ etamples with refdrefice ¥8 tife %E&r@lﬁg'ﬂﬁ% Rbwinyz,event

conput a-5ti on processing in the enbodi nent-of Fig. 3 is a diagram

showi ng a n¥eRAeARtoON rate instruction used in the enbodi nent of Fig. 1
Fig. 1 is a block diagram showing a basic

circuit configuration of a cﬁrrent-ﬁype.inverter
according to an embodiment of the present invention.

Fig. 2 is a :lowchart of the event computation

10 processing according to an embodiment of the present
invention.

Fig. 3 is a timing charé showing an example of
pulse patternigiven to each transistor of the inverter
unit in the embodiment shown in Fig. 1.

15 Fig. 4 is a diagram for explaining the
operation of step F1400 in the flowchart of Fig. 2.

Fig. 5 is a flowchart of -the event setting
processing for a pulse pattern-effected in a
micfocomputer 10 according to an embodiment of the L 4

20 present invention.

Fig. 6 is a block diagram showing a basic
circuit configuration-of a current-type ,inverter
according to a second embodiment of the present
invention.

25 Fig. 7 is a flowchart of the event computation
‘processing in the embodiment shown in Fig. 6.

Figs. 8A and 8B are diagrams showing the




Fig. 14 is a block diagram showi ng a 20 configuration of a nodification of
the fourth enbodi nent shown in Fig. 11. Fig. 15 is a block di agram show ng
a basic circuit configuration of a current-type inverter for driving an
el evator according to a fifth enbodi ment of/25 the present invention. Fig.
16 is a block diagram showi ng a configuration of a current-type inverter

according to a fél&BiSHQHQF”BBEWBEnt RAePrepPlle icoMipUnedt of the DC
Fig. ™ is a flowhart of The event conputa- tion processing in the

enmbodi ment  showsut fehit Jand6+hPESERY BELINCo£T tih P il onVRddldViddka | n a

first enbodi ment of the present invention 5 shown in Fig. 1, reference

numeral 1 desi gefifeatedt AeeerdphgseoAthpowmbodipient showe dn Fid 6.
overvol tage- controlling capacitor, nuneral 3 a current-type converter

unit, numerals 31 to 36 tFagsi 9t bssanbloel dpagwam showihgng dasient s
thereof, nuneral 4 a DC reactor, 10 nuneral 5 a current-type inverter
unit, nunera$s &ircuitcconfingusationnaifi ag cup resitrtype dnvey telrenent s
thereof, nuneral 6 an overvoltage-controlling capacitor, nuneral 7 an

i nducti on not oraeepuding: e éstgﬁréxsmbpﬂlﬂﬁnﬁosé,QQﬂﬂBﬁﬁsqyta DC current
detector, nuneral 9 a_ 15 conparator for conparing the primary current
instruction [erPVRRERCR-f eedback value [err], and nunmerals 10, 11 one-

chip mcroconputers form ng the_nucl eug, of conttrol .section for supplying
a pul se pattern (control gggna ? is a £18wchart s%ow;ng Ehe event

computation processing in the embodiment shown in Fig.
\_ 10 9.

Fig. 11 is a block diagram showing a basic
circuit configuration of a current-type inverter
according to a fourth embodiment of the present
invention.

15 Fig. 12 is a_flowchar. of the event computa-
"tion processing in the: embodiment of .Fig. 11.

Fig. 13 is a diﬁgram showing a modulation
rate instruction used in the embodiment of Fig. 1.

Fig. 14 is a block diagram showing a

20 configuration of a modification of the fourth embodiment
shown in Fig. 11.

Fig. 15 is a block diagram showing a basic
circuit configuration of a current-type inverter for
driving an elevator according to a fifth embodiment of

25 the present invention.
| Fig. 16 is a block diagram showing a
conifiguration of a current-fype'inverter according to a

sixth embodiment of the presenf invention.



to the transistors 31 to 36 and 51 to 56 (These one- 20 chip m croconputers
10 and 11 are constructed of the sane hardware and therefore the one-chip °
m croconputer 10 will be mainly referr to in the follow ng expl ana-

tion). Incidentally, the mcroconputer 11 of the converter unit 3 perforns
the progessings for (Hjgpak@rifsasfhowchartabfobhe(&yentscompusafr equency
instruction coincident with the power frequency, and (3) preparing a phase
i nstructi ortfomrprocessing tnrbhe enbodimept showouineFRigi.sl6oentrol | ed Wy
PWM control. The one-chip m croconputer 10 which is for controlling the
frequency of the inverter unit 5 by PWM control, includes an input port

101, an internal bus 5 102, a ROM 103 for storing a program a pulse width
dat a tam(3DEﬁQRIPﬂﬁﬁuNDEOﬁHESBBEFERREEnﬁﬂﬂﬁpimggﬁﬁage or as a register, an
ALU 105 for executing conputations and the |like, an event setting register
107 (The "event" mean%n|andfzaéﬁngmhﬁémentaﬁfonbpuprgsgngl ipyeptdenor | ow
10 in level) for applying a control signal including a predeterm ned pul se
pattemw5()ﬁhﬁ?%u%%u?lﬁorir196fe§ePFﬁen§EFFPﬁglr95#&98Pt598afGPF&QT|ng t he
time when the particular event_is enable a holdln§ &Sglster 109 for
connect i ng 9 0BG ROWeFcSUBRIEnt BUPLTAY e s@PtPﬁ&r 81 E§FSters 107, 108,

an associ ative i ch sever sets of P%e% set in the holdlng

regi st er 11&P%§EP£¥6¥%d°?338§£gés ggﬂﬁgﬁ §|Pycu§rg YPP1 for producing
an actval g OpLa. GuepPRtabgk1d131 B SRTERakRskBEs! WERHY U 1

main switching elements thereof, numeral 4 a DC reactor, = _
10 numeral 5 a current-type inverter unit, numerals 51 to .\

56 transistors making up.main switching elements

thereof, numeral 6 an overvoltage-controlling capacitor,

numeral 7 an induction mot6£ illustrated as an example

of load, numeral 8 a DC current detector, numeral 9 a
15 comparator for comparing thé primary cﬁrrent instruction

i; with a feedback value ij, and nﬁmerals 10, 11 one-

chip microcomputers forming the nucleus of a control

section for sup@lying.a pulse pattern (control signal)

to the tran51stors 31 to 36 and 51 to 56 (These one- ' ;;
20 chip mlcrocomputers 10 and 11 are constructed of the

same hardware and therefore the one-chip microcomputer

10 will be mainly.reférred to in the following explana-

tion). 1Incidentally, the microcomputer 11 of the

converter unit 3 performs the processings for (1) power
25 synchronization, (2) issuing a frequency instruction

coincident with the power frequency, and (3) preparing a

phase instruction from a current error. Also, the



20 associative nmenory 110 and produci ng an output therefrom when they

coi ncide with each other, and an execution controller 113 for applying to
t he out put port 106 and controlling the evept set triggered by the
conparator 112. 25 Nuneral 12 designates a term nal supplied

with a prinmry curréent iQSébu&tmeeBeb?] PAPP ot riod .t he converter control
system nunerals 13, 14 termnals supplied with a frequency instruction

[errand a phase 10 lThesbneethip hécebcompuited 10 whéchnie tfar contr ol
system and nuneral 15 a signal |ine for supplying a signal for power
synchroni zat i oncofteroblingr theufregtieneyt ofic then invertler] amilt 5 byddwuMed to
be applied to the conparator 17 5 through a delay element 16 for causing a
del ay corre- spedritygli oinadudespansénpukaport 30dur aantindernadl basst em
that is, in such a feedback control |oop that the prinmary current
instructi on i ghd®s [@rRPMah@3afpE stipréng acpsogsamyy a pulss astidbh gaba
conpared and an 10 error therebetween [err] is detected by the conparator 9
and i s reduced tablercetche BCRAMr L8At upedr fodctemporary SYOIBOS QL &8
detector 8, on the other hand, is also _applied tqQ the conparator 17, and
the current ripbleegbfberenan[ AEP| 1PPod0Ec8xLCYHINGe cOBPYations AN
applied 15 to the one-chip mcroconputer 10 for controlling the inverter
unit 5. Now, witherbiked 8B gMeBtcRPtiAngcdegistRr J07pThso e VaNG:
: fi .
according tozaméégé fHQ?géQ?H& 8Le¥ngr an output signal is high or low
10 in level) for applying a control signal including a
i predetermined pulse pattern to the output port 106, a
time setting register 108 for setting the time when the
particular event is enabled, a holding register 109 for
connecting and holding the contents of the setting
15 registers 107, 108, an associative memory 110 in which
several sets of data set in the holding register 109 are
stored in cycles sequentially, a timer 111 for producing
an actual time data, a comparator 112 for comparing the
time on the timer 111 with the set time data in the
g¢ 20 associative memory 110 and producing an output therefrom
when they coincide with each other, and an execution
controller 113 for applying to the output port 106 and
controlling the event set triggered by the comparator
112,
25 _ Numeral 12 designates a terminal supplied with
a primary current instruction i;* applied to the
converter control system, numerals 13, 14 terminals

supplied with a frequency instruction w;* and a phase



present invention, the processing flow of an event 20 conputation
pr-ocessi ng program F1000 for determi ni a pul se pattern applied to the
transistors 51 to 56 (S51 to S56) maki@up main switching devices of the
inverter unit 5 in the one-chip mcroconmputer will be explained with
referende tinstxucfioR5e* (dpplied tdrithe, inveptéd 1€6nteallssysdemy he i nput

port 101 the ripple conponent [err] providing an adjustment termin -~
control | i nandentmer@knty ansignali danpefok, supplyiage a signadt ifor [erry”
and the nodul ation rate. In the 1 case where the frequency instruction

[err] and tprwemnas¥nchsonigatianier Theapsimesyurcus rentt Aaskractiign
m croconputer 10 ;Qg Input port may be read only for the ripgle conponent
but not forskgRabthrtsis Rdapted to beappliedotenthereemparatorr dguency
i nstruc-_tiaqn $err] aé everé gredeternjned time interval [err], and the
phase i st rtREPUSN[3rdelaY glEBENto1bnEOr-SaMEing Andedadt COTTES det er ni ne
a general phase ierrl. ggg ' Steg 51300 determ nes one of .the six nodes
of 10 pul 129 ntPnEBeWRBEROPRE BPLEY: ABaR SHEFEDST COBRETPY s di vi ded
for each 60, to be oduced for th rese ner al ase [err] .,that is, an
out put everﬁy%%?‘f'hegﬁ?ﬁ éﬁCo?‘Baﬁggﬁwgt ﬁeﬁﬁ&ag ngpgltr%:]raig#’e t The
rel ati onshi et n_the neg al, ase. lerrl .and.the,six.,npdes, which is 15
not dinaﬂl%hgdﬂﬁi 13 ﬁP?ﬁgPﬁelggEgpgﬁégno%lpﬂglpﬁégeﬁPdiﬁvgﬁtion and will
not be descy| . n | | | Qi i P-A-62-1 Ih .f exanpl e.
rg) D despibbebok "afEkath b9 BYB) ALRELRR, ¥ AREC lRel o o
10 error therebetween ai; is detected by the comparator 9
and is reduced to zero. The DC current il_detécted by A
the DC current detector 8, on the other hand, is also
applied to the comparator 17, and the current ripple
component Ai* produced from the comparator 17 is applied
15 to the one-chip microcomputer 10 for controlling the
inverter unit 5.
Now, with regard to an event caused at the
output port 106 according to a first embodiment of the
present invention, the processing flow of an event
20 computation processing program F1000 for determining a ;;
pulse pattern applied to the transistors 51 to 56 (S51
to S56) making up main switching devices of the inverter
unit 5 in the one-chip microcomputer will be explained
with reference to Fig. 2.
25 (1) First, step F1100 reads from the input port
101 the ripple component Ai* providing an adjustment
term in controlling the frequency instruction wy*, the

phase instruction ¢* and the modulation rate. 1In the



and [err] + [err] at which the binary level, 0 or 1, of the 20 pulse is
changed, respectively, during the interrupt interval [err] (As shown in
Fig. 3, TAis a turn-on period of S53, [erq“ a turn-on period of S51, and
[err] - ([err] + [err]) a turn-on period of "S52 when O [err][err] ) with

reference tq a ciaie widte tiheecfrequeheygenstelicpioncn)eradd €he puagher, on
the basis of a nodulation rate (r - determned fromthe current ripple

[err]&aken in et rucief on eftc @ red drdmpiu tred i echie forie-stip i ni ng the degree
to which the output of the converter unit 3 is changed 1 by the inverter
unit 5 in the micooconmpater 10g theeidptué pert] magdbperehd+ondyr foxear ched
for above are corrected in the manner nentioned below. [err]

(1) [err] the ripple comp@ipemhi butonotcfoonany ethetsed by rewiting
the 5 tinme data [err] and [ermi + [err] searched for into [err] and[err].
([err] + [erT])(2kspecti \BtepiNL20Qoinbegrateshthacirequenayeinstaugti on
rate data r, if the rupple conponent [err] is zero, for exanple. In the
case where the'@4?ﬁﬂﬁa(ﬁﬁﬁiﬂﬂﬁﬂeYQﬁy]Pﬂ%ﬁ?kﬁﬁ@%ﬂ@ﬂ time intervalnetease
where 10 the DC current [err] detected by the DC current detector 8 is

slightly |arger@Rtbhe rﬁh%%#rbﬂ?tFHQF%ﬂﬁtQOriﬁ didded 14 thRyresubh Phte
I nstruction takJ the ripp onent [err he adj ustnent term
i nto consi der at% 9%??{%5 +? gﬁggﬁﬂng g oS EéagnﬁpﬁﬁF Tan the reference
19 vale [err] fyLert] TS £i060, BUESCAPRLE GAIPSRChe! 34 mbBel®BR' Vo
10 pulse pattern into which the electrical angle of 360° is
e divided for each 60°, to be produced for the present
general phase 6p that is, an output event defined in
accordance with the general phase 6r. The relationship
between the general phase 8y and the six modes, which is
15 not directly connected with the substance of the present
invention and will not be described in detail, is
explained in JP-A-62-163577, for example.
(4) Finally, step F1400 determines the times'TA
and Ta + T at which the binary 1eve1, 0 or 1, of the
o 20 pulse is changed; respectively, during the interrupt
interval At3; (As shown in Fig. 3, Ta is a turn-on period
of S53, Ty a turn-on period of 851, and At; - (Ta + Tg)
a turn-on period of S52 when 0 = 6p = 60°) with
reference to a data table based on the general phase 6r.
25 Further, on the basis of a modulation rate (r - Aj*)
détermined from the current ripple Aj* taken in and a
reference modulation rate r for determining the degree

to which the output of the converter unit 3 is changed



which is larger than the reference value r by [err]. If the tine data [err]
and [err] + [err] searched for are nDdlgied by use of this value, the tinme °
data [err] and [err] + [err] 20 after fection have a tinme w dth thereof
shorter than the tine data [err] and [err] + [err] by a value equivalent to
the rippl e ppngemeinvértet . uibe Sbdnethenmionedomphiteencehendiimati on rate
[err] which may be corrected in either positive or negative direction e
accordi ng tdatdely igmd fa + My seaxwhesheiar iabowr are coxtectaduiner t heth
unity such as 0.9 or 0.95. This is_also the case with the other enbodinents
descri bed hewmamer meshienednbekawpl e of the pulse patterns 5 S51 to S56
applied to the switching elenents 51 to 56, respectively, for one switching
period [err] of the transistors, that is, a part of the on and off pul se
patterns applied to the transistors 51 to 56 of the inverter upit 5. 1In
Fig. 3, the solid i e’ frdit EaTeAig)t%k lack of ripple, and {#b dashed

| ines the presence of pp Jhe pul se w dt h, ata corrected by a val ue
corresponding to [errﬁ'# '{'?%B p].JI"é'el(lU\n athi gS) (T t'#énm stor %32 provi di ng
a shorting phase thereby to 15 increase or decrease the shortcircuiting
current. In other words, in the case where [err] is positive, the ripple

conponent t her.eof fal*ﬁléocgg Qégggﬁe?ﬁaéffacggéﬁg&tQEWEE% h% %h unit 5

but flows through the FANSPSE clrrcui ase arm
5 time data Tp and Tp + Ty searched for into r.Ta and ;.

(Ta + Tg) respectiﬁely in accordance with the reference
modulation rate data r, if the ripple component Aj* is "
zero, for example. 1In the case where the ripple
component Aj* is positive, that is, in the case where

10 the DC current i1.detected by the DC current detector 8
is slightly larger than the current instruction ij*, the
modulation rate instruction.taking the ripple component
Ai*, that is, the adjustment term into consideration is
(r = 43i*), which is a value smaller than the reference

15 value 7y by a3j*. Thus, when the ripple component Aj* is
negative, the moduiation rate instruction is (r - (-A3*)) ;;
which is larger than the reference value y by aj*, 1If
the time data Tp aﬁd Ta + Tp searched for are modified
by use of this value, the time data Tp' and Tp' + Tg'

20 after correction have a. time w1dth thereof shorter than
the time data Tp and Tp + Tg by a value equivalent to
the ripple component Aj*. The above-mentioned reference
moduiation.rate r which may be corrected in either

positive or negative direction according to the ripple




20 When [err] is negative, by contrast, [err], and therefore, the pulse
wi*dth applied to the transistor S52 is shortened, so that the current
flowing in the transistor S52 by shortcircul®ng is reduced by the anount
of the ripple, thereby increasing the the output 25 of the inverter unit 5.

As a result, jevepnpordift i EetDTs W Ieilud OsﬁQPléﬁVﬂﬁéﬁruHi‘{:? Suth harger
or smalder by the ripple conponent [err] than the current instruction

[err]s~the outpegt, ociyr QUOPS thEid NwerdBio Uphé Sasé witH4tHecophee! led to
coincide with the current instruction [err], and the output current is

produced in si nemboddmenyandeder ied Beldw. St ep F1400 determ nes the
ref erence nodul ation rate [err] and controls the nodulation 5 rate of the

inverter unit 5 around th&igaf & aharsahlatample df iee rpulse bpatbeenshe
ri ppl e conponent [err] detected has both positive and negative

char act eri st Bcs S&dd tioh &5 @pplied ralthe | switchingruglémentgubletiot 56he
corrected upward unlike in the aforenmentioned case. 10 Assunming that the
ref erence nodul Zes@peatdvelYor (for one gwitehingspented 2he efir khat
utilization rate at the inverter unit 5 falls by an average of 5% The
del ay el enent 1&IR@sighansy hhaf tifr 3 PARt RFptheeranrd oEf| pYdseed
agai nst the current 15 instruction [err] by reason of_the fact _that sinple

conpari son bet whdtterns ARRAked 9 rthe  erARei$$oEH 51 hkC 26 cefcBh®Ur r ent

err] would cause a detected rjpple conponent to m i a transient error
Lnde1 an abruptinverter unit 8.7 In Fig. 3, the sofignignes Enaicate

10 the lack of ripple, and the dashed lines the presence of
o ripple. |
The pulse width data is corrected by a value
éorresponding to Aij* in the pulse width for the
transistor S52 providing a shorting phase thereby to
15 increase or decrease the shortcircuiting current. 1In
other words, in the case whéré Ai* is positive, the
ripple component thereof fails to be produced as an
output of the inverter unit 5 but flows through the
transistor S52 that is a shortcircuiting phase arm.
Ao 20 When Aj* is negative, by contrast, Tap + Tg < Ta' + Tg',
and therefore, the pulse width applied to the transistor‘
S52 is shortened, so that the cﬁtrent flowing in the
transistor S52 by shortcircuiting is reduced by the
amount of the iipple, thereby increasing the the output
25 of the inverter unit 5. As a result, even if the input
DC.curreht to the inverter unit 5 is larger or smaller
by the ripple component Aj* than the current instruction

i;*, the output current of the inverter unit 5 is



>

change in the current instruction [err] with the result 20 that the control
system of the converter-unit 3 would undesirably interfere with that of the¢
inverter unit 5. The del ay el enent accHHQing to the enbodi ment of the
present invention is based on a sinulation of: the operation delay of the

Currentlcoﬁth&cﬂM%HB@o|dbﬂﬁﬁﬁ&hIﬁitﬁcthéiéﬁiiéﬁkIiﬁs@ﬂﬁﬂﬁiﬁﬁnil*?rW‘
([err) for the nodul ation rate against the current ripple conponent[ergd is

attached t @nigheheotRApitcurkent is produded adwosinusdob@all86omin Fi g2
for software processing of the 1 mcroconputer 10, however, the
phenonenon of inter- The aeaEsoreMiy Ertep FM00 detemmivies. the that case,
the delay el enent 16 may be:done. I n processing the aforenentioned step
F1400, 5 i wededenden mehekakion treteoy sndviatintrdls rfhembdelation
accordance with the general .phase [err], a table is searched for.

Speci fi dal Irptet bifs thearigivertemdmnby % hardumd thé ookEepenael e showi ng the
val ues of a pair of sinusoidal curves at each-of- predeterm ned el ectrical
10 angl es Sodwladdeororate x sndecmuss dhe inipple ganperent t8:i%0, as shown
in Fig. 4. _ The pulse width for the shortcircuiting phase is_determ ned as
([err]) asdeteatadkhamith preitiverapd rRoabivercharagteristicguired. A
nmet hod of calcul ating the pulse . wdth by 15 distrjibution, of crest val ues of
sinusoidalaﬂﬁvéh@$?ﬁ§ﬁﬁi?ﬁ§i@?ﬂ Gionirate mayobe crequiredckPele 0 above.

The process rentioned above dof 810 f1es, fuo, 3 &L Lef5,Lgebyding the
10 Assuming-that:thegteférence modula#ion rate r is 0.95,
for instance, the"éurrent utilization rate ét the
inverter unit 5'fails by én average-éf 5%.
The-delaj:element 16'foz.determining the
ripple component'Aif is inserted against the current
15 instruction ii;* by reason of the fact that simple
comparison betweén-the currént inStruction ii* and the
detected current i3 would cause a detected ripple
component to mix with a transient error_under an abrupt
change in the current instruction ij;* with the result
20 that the control;system of the conve:ter'unit 3 would ;;
undesirably interfere with that of the inverter unit 5.
The delay element according to the embodiment of the
present invention-is‘based.on“a simulation of the
operation delay of the current control system. If means
l25 for limiting the adjustment term (r -a3*) for the
modulation rate against the current ripple component Aji¥*
is attached to the comparator 17, or is iﬁcorporated in

step F1400 in Pig. 2 for software processing of the



time of event change set in the event setting register 20 107 and the tine
setting register 108. These itens are required to be set in the associative
menory 110 for output port control in order {f®.control the transistors 51

to 56 of the inverter unit 5 through the output port 106. 25 A
fl ow of the procdsrxguter i thoweverscthecpbenomehonnoEniftgr-5, with
reference to which explanation will be nade below. This process F2000 is

ef fected in the fgzengemrAtioned aboye)is prevented. siapthatocagevectitenes
whet her an event_and the tinme are set coppletely as required in the six
transistors of tGfanhekenent e may be dGReanswer is "Yes", the process is
finished. 5 (2) If the decisipon at step F2100 {s "No", on ige ot her
hand, step F2200 sets a corlt RERFRASHAGERE 2Foremenrtioped steR FL40Pst or

7 L D A 8 gl B el B, G876 L0

T ! . . 5 : .

brocese. F1000. iy nraaits MESA (Ehe (EREPal TPRIRE Py 1 v%ﬁ"% BT er ] of the
: £1 . P eaLd S H . ; !

E;?QELZ? Lia ? ‘eake B £0: 0 Specs BYbaLly oL RLEREATCR, 15 Hali By 0L "
ecti I , 0C

and event serti (eiilg o Todk P 4E5ES, sHOwifl Bie VFLGKETbE A BHAT o

pattern is al ways QPOMESH dfPes at each of predetermined electrical

10 angles or phases 8p in a range of electrical angles of
v 0° to 60°, as shown in Fig. 4. The pulse width for the
shortcircuiting phase is determined as (at; - Tp - Tg)
as described above, and therefore no specific table is
required. A method of calculating the pulse width by
15 distribution of crest values of sinusoidal wave is
described in detail in JP-A-62-163577 referred to above.
The process mentioned above determines two
data items including the contents of an event and the
time of event change set in the event setting register
_ 20 107 and the time setting :egisté; 108. These items are
required to be set in the associative memory 110 for
output port control in order to control the transistors
51 to 56 of the inverter unit 5§ through the output port
106. ‘
25 ' A flow of the process F2000 for setting these
items is shown in PFig. 5, with.reference to which
explanation will be made below. This process F2000 is

effected in the microcomputer 10.



t he out put port 106 of the mcroconputer 10 for 20 controlling the inverter
unit 5. According to the first enbodi nepnt of the present invention .
" mentioned above, the nodul ation rate i ontrolled for the inverter unit in
such a way as to offset the ripple conponent of the DC current applied to
25 theginygyter uni Firskd shepeFlaot ldedezntiens shdtharcdiwasvgneat |y,
even in the presence of a ripple conponent, that is, even if the inductance
of the DC aadcthe itimer are Betweompletelyn\as trequindd aml the six17 1 v
inverter unit is small. The absence of a ripple.conponent in the output
current of trassistersecofurithe 5nveniess wyidntS. r &blthe answer it notor 7,
reduces the noises or 5 vibrations of the nechanical system and greatly

i nproves t h¥esldi kheqpaiocegsofisafigiighadr which nay be driven by the notor
7. The allowability to contai.n a ripple conmponent in the output current of
the confer{@) unit 3If ithendesision e shep &AL if iiNe' mpttkerippl e
conponent on the part of the mcroconputer 11 of the converter unit 3, and
accor di ngl thegopandyi etepy FfAfd 89ts foiCORXRFRNAING (et IR cBRBuUter 11

rocii i cat FERDE, SORE L0 (RO LERRRo Wt RELAREE Y | SEF 14300 1 Fke- phase AC
Power Trom.2eReNe the’Rihe of event "change in 'the "tHife Setting
register 108.thér§5y to complete the process.

10 . The abd?é-mentioned event setting process
F2000 and the timé computation process F1000 may be Ad
energized for each éwitching interval'time Aty of the |
transistors 51 to. 56 making up main switching elements
of the inverter ﬁnit 5 respectively;.that is to say, for

15 each time providing a reciprocal of.thé'switching
frequency. In-othér words,ias-far aé'the event
computation and event setting are effected for each time
of At:, the'lateét-fulse pattern is'élways produced from
the output port 106 of the microcomputer 10 for

20 controlling the inverter unit 5. a ;;

According to the first embodiment of the
present invention méntioned above, the modulation rate
is controlled for the inverter unit in such a way as to
offset the ripple component of the DC current applied to

25 the inverter unit, and therefore the DC reactor is
reduced greatly, even in the presence'of a rifple
component, that is, even if the inductance of the DC

reactor inserted between the converter unit and the



conponent is cancelled by controlling the nodulation rate on the side of
tthe inverter unit 5. This enbodi- 20 nent is different fromthe first

enbodi ment shown in Fig. 1 in that in the dnfodi nent under consideration, a
power sync signal 15 for detecting the starting point of a ripple is
applied to a mimvervepuiritfds smallolling the inverter unit 5. The parts
in Fig. 6 are configured 25 in the sanme way as in the first enbodinent. In

Fi g. {6, the conponent parTise dzisseneéecdfby thppiemeompbaenbcénntheral s as in
Fig. 1 designate corresponding or identical parts respectively. 18. The
operation of tutpwtocur cebbdofiebheoinveetprevsit Bnaesures wmoothe
explained with reference to step F1000 representing the event conputation
process shown iTeR@kutionsdof heheuretar faveeduaeshshe neiseg o3 8.  The
event conputation processing F1000 is effected in the mcroconputer 10. (1)
As in the pr ?E)%@%%r@gnﬁhﬁomﬁﬁéaﬁiﬁéi ExssammeAndegERAtAFd Wit h
reference to FI%n , steps F11Q0 to F1300 read the_frequen |nstruct|on
‘[err], phase 1G-PFEN?%C h%nr}€+99 qraliky ngép §}ﬁUa§P§n§%1E@ may b ate
t he general ph err] and thug de%ern1nethe pul se pattern (event) to be
given to the si % &R sh¥ i bhe meser Then, step F1500 searches the

"put “of the power sync <remepLiewaRLiiFe k) cPREaiE 8 FRapLecrr e
converter in the output current of the converter unit 3 eliminates
10 the process of minimizing the ripple component on the
&J part of the microcomputer 11 of the converter unit 3,
and accordingly a sophisticated device is not required
as the microcomputer 1l.
Fig. 6 shows a second embodiment of the
15 present invention, in which a rectification ripple of
the converter unit 3 suppliéd with a three-phase AC
power from a power supply 1 is estimated and this ripple
component is cancelled by controlling the modulation
rate on the side of the inverter unit 5. This embodi-
L 20 ment is different from the first embodiment shown in
Flg. 1 in that in the embodiment under con51deratlon, a
power sync signal 15 for detecting the startlng point of
a rlpple is applied to a micro-computer for controlling
the inverter uni£ 5. The parts in Fig. 6 are configured
25 in the same way as in the first embodiment. 1In Fig. 6,
the.component parts designated by the same reference
numerals as in Fig. 1 designate corresponding or

identical parts respectively.



unit 3 has a waveform shown in Fig. 8A due to the ri ppl e conponent
superi nposed thereon. The above-nentioned nodul ation rate data [err] for
correction is such as to 20 offset the If€pple of the DC current Id as an
exanpl e thereof is shown in Fig. 8B, or in average, such a data as to
al ternatle vertical |y Bheveperdtbehowvft bhiseseconde embddimentn ofatthedat a
[err]. If a data as shown iin:Fig. 8B is offered as a table to which
ref erence ipresemntbinvestiontwidll bpsexplainede vikhurefierencs) taf the swhc
signal fromthe signal porch =15, it is possible to obtain a nodulation rate
data [err]fetepofl@@0i pepresenging the) event compytatdonm precesst er ni nes
fromFig. 4 the tine data_TA and TA + TB taken before the pulse pattern is
changed i n $RR¥RdbACBigHt R BRE §BRcFUFIBRAsWauelfosm shownatins Fdg £1200.
Further, the nodul ation rate.r' 5, for correction deternm ned at step F1500
is nultipli®d pyhene¥enti AEMBREAtLAB, PEPCEsSIRE: MLO00 dife eff@ct@dd tine
data [err] and [err] + [err]y . ([err]' = [err],[err] + [err] = [err] +
[err]'). Th%%et%QIﬂLgrQLgmBLESQaEBa pul se pattern- setting data. 10
According t he secopd enbpdi.nen escribed abagve, it iis pqgssible to
of fset the e%%ple of gg[t?cgg?eﬁfgﬁgsébﬁgrSgcgfgﬂﬂg Fﬁv&%Fe%iﬁﬁ si nply by
taking int y Lenals, [ re i3 the fir enbodi nent ,
t he DC reac%@? (?%ﬁéxe‘gugggilhgﬂg%iz‘e’ggﬁds:ggfgfeg:ggc?a &8 (?r’atsg'r%%g! rc_uit and
the like arg £36 82k£908'F8hACLAE EBBQRAALYCindUrctidhS »i*TPphhyed the
10 instruction o* andfthe power sync signal 15, calculate
the general phasejar and thus deter@ine_the pulse o
pattern (event)'toﬁbe given to the éix transistors.
(2) Then,'stép F1500 searches the modulation rate
data r' in accordance with the 1apse'of time from the
15 input of the pqwef‘sync signal 15.
Generally, the DC.output Ig of the converter
unit 3 has a wa&efqrm shown in Fig. 8A due to the ripple
component superimposed thereon. The above-mentioned
modulation rate data ' for correction is such as to
20 offset,the'ripple'df the DC current Ig as an example -
thereof is shown in Fig. 8B, or in average, such a data
‘as to alternate vertically above ana below the reference
modulation rate data r'. If a data as shown in Fig. 8B
is offered as a table to-which reference is made by the
25 time lapse from the input time (A) of the sync signal
from the signal porch 15, it is possible to obtain a

modulation rate data ' for correction.



circuit configuration. Also in t#his ‘enbodinent, as in the first enbodi nent,
t:he ripple current conponent [err] nmay be 20 taken into consideration by
appl yi ng the sane conponent to the microcoffter 10. Fig. 9 shows a third
enbodi mrent of the present invention, in which the mcroconputer 10 for.
control ling & hg3nverter Step BLHPOi theni determlinesufremt Figst duthe25 tion
[err] and a DC current [err] detected at a DC current detector 8. In the
embodjment of Riigne PatéelgamdiByt+ leriaken defiqrentthe (pulse patkern
reference nuneral s as 1 those in Fig. 1 designate the sane or

equi val ent conpimechanged sinecapeerdance. withptheogenesplepPBasecB8uput ati on
processing in the mcroconputer 10 according to the third enmhodinent 5 is
ef fect ed accor dtomputed hat fsbepsFb@A0: n Engtheg, thp modulagion rale.s

'S0 a DC o oFAT [@PFTeaRidR GeEPERLIASAELSLRENFLEDN 15 BpitiBLICH Hy o

Step F1100 for Ghees o788, d8bRoRBPRBDYotPnSRLEHLARE EREI SREEREEL I  om

compensat on vaadEa S and ohat b B! B Tr'T B8 dbt 8P ATR chr o

AL CREREIE T REREEE T o A S
setting data.

10 ' According to the second embodiment described

\ above, it is possible to offset the ripple of a DC
curfent by control at the inverter unit simply by taking
in the power sync signal, and therefore as in the first
embodiment, the DC reactor is reduced in size and a

15 speciél comparator circuit and the like are eliminated
outside. of the control unit; thus simplifying the
circuit configuration.

Also in this embodiment, as in the first
embodiment, the ripple current component Ai* may be
taken into consideration by applying the same component
to the microcomputer 10.

Fig. 9 shows a third embodiment of the present
invention, in which the microcomputer 10 for controlling
the inverter 5 is supplied with and a current instruc-
25 tion 11* and a DC current i; detected at a DC current

detector 8;
In the embodiment of Fig. 9, the component

elements designated by the same reference numerals as



P1200 determ nes the general phase [err]*and.step F1300 determ nes a pul se
pattern (event) to be given to the six&$¢pnsistors I n accordance with the -
general phase [err]. 20 (4) Fin y, step 1400 determines from Fig.

4 the tine data [grrg.and [err], + [err] taken before the pulse pattern is
changed 1n thesedincEigit# ORs1 €althen s3@e o1 e@E vAdented at step

F1200, and further, taking the adjystnent term[err] determ ned at step~
F1800 int o ©EMPEBABLJPAELEoKSSPEEtANSIFnentioned tine data, that is, teke

R UERE R B C RS AT SR AR
descr 0o 2pgucr B2ckbablf o 59 B3R LS ofla il " °°
comal 281 £ S¥Ebceq” SELAIBE A, 50 B oA €] oot on
L eccordipgy o 1S ysaue gl o) RGPl g TN

10 of ‘the iﬂﬁ@&&ﬁefgreﬁ o] *) Sphide! i8S it ion BRINAACKISESE welion [err], a

phase instruction il SO a nodul ation:instruction [err] for the

inverter.ouéag}eﬁurEgngnﬁrgnhqrggh@iaﬁgt%gcgﬂaﬁ Ahecessing for event 15
conputation in the nicroconputer 10 in this configura- tion is effected

accordi ng teayhe flowrpaayn sitep-F17002 compensatekl tid cwrammmnent parts
desi gnat ed by _ o o _
10 instruction i* thus taken in at step F1100 for a delay
corresponding to¥£§at of the-curreﬁﬁ control system to Ld
compute a compensétion value I*. 'Fﬁrther, step 1800
subtracts the_éompénsation value_Ii* from the DC curient
i to determine.a'gurrent erro:-Aif,'that is, an
15 adjustment term df-the modulation rate.
(3) As in the case of Fig. Ztﬁentioned above, step
F1200 determines the general phase 6r, and step F1300
determines a puiséﬁpattern (event) to be given to thé
six transistors.ihiaccordance with the general phase 6gp.
20 (4) Finally,{step 1400 determines from Fig.'4 the
time data T and Ta + Tp taken before Ehe pulse pattern
is changed in abcéédance with the general phase 6p
calculated at step F1200, and further, taking the
adjustment term Aii determined at step F1800 into
25 consideration, théfabove-mentioned time data, that is,
the pulse width data is corrected and computed, thus

preparing a pulse pattern used for event setting.




the same reference nunerals as isn Fig. 1 designate the same or equival ent
conponent parts respectively. 20 (1) First, steps F1100 to F1300
take in the frequency instruction [err], tiq phase instruction [err] and
the nmodul ation rate instruction r*, and as 1n other enbodi nents nentioned
above, detennine the gendwmondiaer fertie tnindcembodinent tdespnribed pul se
pattern (event) 25 given to the six transistors is determ ned. (2)
Theny_t he time abeowe, @sl jrertle «£ixst |andkeecond cembod pnests panetr Andiange
is determined with reference to a table as in the other enbodi nents.
Further, in theaxdbrzisetomiis 1educeduintsbrerbet aksertherenip«npaken
I n at step F1100, the tine data [err] and[err] + [err] are corrected to
[err] and [erﬂﬂﬁﬁﬂwqf-aqeﬁxqgrnakﬂQQWPQEab¢épﬁ%écﬁlbuPEeapQF%EYn for the
transistors 51 to 55 of the 5 inverter unit 5. A fourth ,enbodi nent of the
pr esent |nv§nt@&¢mﬁn$<a;ﬂh¢m§§2¢e%qu%e|QOPHE°%aﬁﬂEF18F Hﬁtéiﬁ?ning t he
nodul ation rate instruction value [err] given to the m croconputer 10. 10
An exanpl e of &8RG8RENnt conduct ed mﬁth various high harnmonics is shown in

neiruction [err] and {he i N HIERF (ohethe BResfRbIAUPABAEE
cConstruct i on ofts A9 R £ ”tpdmmi\s?o%ﬁénéi‘ééé%?i#é%‘% Akt ¢ ceen
fromthis eXFm”'ﬁ?gh ﬁfgi%{zégaihéfh1gh harmonic components contained

10 in the inverter output, the control microcomputer 10 of

&ﬁ' the inverter unit 5 is supplied with a frequency
instruction w1*, a phase instruction 6* and also a
modulation instruction y* for the inverter output
current from a terminal 18. The processing for event

15 computation in the microcomputer 10 in this configura-
tion is effected'according-fo the flow shown in Fig. 12.
In Fig. 11, the component parts designated by
the same reference numerals as in Fig. 1 designate the
same or equivalent component parts respectively.

s 20 (1) ‘First, steps F1100 to F1300 take in the
frequency instruction wi*, the phase instruction 6* and
the modulation rate instruction r*, and as in other
embodiments mentioned above, determine the general phase
8p, in accordance with which a pulse pattern (event)

25 given to the six transistors is determined.
(2) Then, the time Tp and Ta + Tp taken before a
pulse éattern change is determined with reference to a

table as in the other embodiments. Further, in



mai n enphasis is placed on renoving the fifth-power high harnonic conponent
fromthe output of the inverter unit 20 5, the nodulation rate instruction
r* applied to the mcroconputer 10 pro®2ing an inverter control should be
set at point Cin Fig. 13. I'n simlar fashion;  in the case where it is

desi red 1t 0 dcvondande yWwitls pere fmodbLabibar naaec:.neﬁ’puoembno;—hetakbnn above
fromthe output of 25 the inverter unit 5, a nodulation rate instructioen

shoul d be dat dthadtep F110@s the timei data T4 anéd Ty gh Twrawmi c conponewt
corresponding to the characteristics thereof. Also, if it is desired to
reduce the dorgected@3to lrhRa@nd rc*or(ﬂm&nfrs)l hhgeebyaltof pslepareniat h a view
to the general value of the high harnonic conponents of the output of the
inverter urpulsy pattemnoforrthentranasstousl 51 b B5t ofi #beruction r*
shoul d be set at a point 5 in-the neighborhood of point Bin Fig. 13 where
the higl® hdﬂﬁﬂmﬂ%e%om%bheﬁts are general ly reduced. In setting the

nodul ation rate instruction,-a given nodul ation. rate instruction r* may be
stored in the ROM 10RiEPurEhcem diment; Q€ thenpresensr ip¥ABELRR a

speci fic high harmoni c 10_conponent. |f the high _harpmoni¢ to be renoved
changes depi3@lidhPoHHIarE Seatureosn ﬁBﬁe@éPnanerQGFFSW&“&EF k&eppl i ed by
way of port froma, terninal,6 18 as sh %E | n sugg a case, the .
value [err ™ %ﬁ#ﬁ%t%ﬁﬁ?néﬁsﬁﬁuﬁtﬁ9§tv EFoEon%bY%? E8t 8B own as in the

case of each, 15 |nstr€%t|f& of [err],[err] and[err]. As expl ai ned above,

accor di ng t“b“f'ﬁ% PERY

10 An. example of experiment conducted with
various high harmonlcs is shown in Fig. 13, in which the
abscissa represents the value of th§ modulation rate
instruction 7* and the ordinate theamagnitude of the
high harmonic compénent contained in the output of the

15 inverter unit 5 in the construction of the fourth
embodiment of the-ﬁresent invention.

It is seen from this experiment result that if
main emphasis is éiaced on removing'the fifth-power high
harmonic componentﬁfrom the output of the inverter unit

20 5, the modulation rate instruction r* applied to the ~;}
microcomputer 16 pioviding an inverter control should be
set at point C in Fig. 13. 1In similar fashion, in the
case where it is desired to remove only a specific high
harmonic componént'other than above from the output of

25 the inverter unit 5, a modulation rate instruction
should be se£ that minimizes the magnitude of the high
harmonic component. corresponding to the characteristics

thereof. Also, if it is desired to reduce the high



enbodi ment of the present invention, a nodulation rate instruction at point
B'or Cis set, and the nodulation rate of the inverter unit 5 is controlled
in accordance 20 with the procedure shown i gﬁ{g. 12 to renove a specific

hi gh harnoni ¢ or reduce high harnonic conponénts in general fromthe output
of the inverlerhaomonic conponentse iof generdaiurgdseidodriginta cesew i bed
above, .however, the nodulation rate is set at a level 25 |lower than a
settisag nor nal | $heegegexadd vallusoioft the hich dwrniom i componentmesf the
reference rate or unity permtting the maxi mum out put operation of the

i nverter, theredytpugspofgthepdisveshest wnity Ssiwntthe other handntthe 24, 1
val ue supplied to _the notor or the |like nmaking up the load 7. This problem
may be sol ved tBoduatdeyr zatey ingtryetian ot shonddeder sedpatk a daing
constituted by a major | qQop_contrql circuitry not shown._ Al so, in order 5
to i nprove thisiPr SbPeﬁ‘Pﬁﬁg’@%m ¢ pointe B hdt Ridee bithere e feigh

i ntroduced in such a manner that the nndulatigﬂtrate insiruction éeré% S
transmitted to PAEMOBAC GOMPONERtSTFE FePLIFL L t erIRLBIBGY t he

current decreasiig SaoblS ieTule Stk RS itk oA STRE ALY
o Rt o0 ! BBE kYRR, SHORAlBR, sEbsHEE 1R RO Y ' whe, camtip o
the modul ation 5gtg Egigﬁy%bntrol for removing a specific high harmonic
10 componeﬁt. If the high harmonic to be removed changes
. depending on the situation, however, instructions may be
applied by way of port from a terminal 18 as shown in
Fig. 11. In such a casé, the value r* may be determined
by a host microcomputer not shown as in the case of each
15 instruction of w3*, 6* and i;*.

As explained abové, according to the fourth
embodiment of the present'invention, a modulation rate
instruction at point B or C is set, and the modulation
rate of the inverter unit 5 is controlled in accordance

L 20 with the procedure shown in Fig. 12 to remove a specific
high harmonic or reduce high harmonic components in
general from the output of the inverter unit 5.

In the case of the fourth embodiment described

above, however, the modulation rate is set at a level

25 lower than a setting normally designated at point A,
such as the abovg—mentioned reference rate or unity
permitting the maximum output operation of the inverter,

thereby causing a problem of a transiently small current



tion r* is applied also to the control mnicroeonputer 11 of the converter
unit 3, and according to this nodula- tion rate instruction r*, the
m croconputer 11 controls the inverter it 3.in such a way that the
decreasing 20 current on thé inverter side is.conpensated upward on the

convert &r ¥adaid supplied tg rkhedotrr 1or cbipedl Heatmaking wBdERecati on

t hereof expl.ai ned above with: reference to Figsf'll and 14, the nodul at i-en
rate instrde@dr { erfhis orghierdnay hecsolvedybpt epme ofegbrenP¥r oconpuwer
10 fromoutside thereof. Thirs§ nmodulation rate..instruction Lerr] however,
may be set the QRAFALELGH QhSRReR) ERrApach CRRIF2D3CORSERE F?@ronﬁputer 10
wi th equal effect.. 1 e, Agcordi g to . the ; urth.enboginent shown
in Figs. 1Pa3QF PO PTIPT{RIFFYY r%n%%%iﬁ%ﬂvnof ﬂ Opr £8eRE%RAvent i on
t he rippl e .conponent rr]l e e lied to.the.nicro ter.10 for
conpehggtiﬁ?;3§p59¥9Egh*4{Rﬁ%ﬁi&ﬂéﬁ#ﬁ%tpoé$bfv§%yrsgaggsggﬁgéﬁggram

howi . . g . . £ . ti ¢
hoen"Ons RS il 0 Bl fodi A0 BIOBGTTR malnt o BRE R, | "L oTL 07 10

of the.pr oS, TVEN LAY d0Lh St Ao EROR FHh €k Sl €raficed] ¢at embod ment

of the invention explained w reference to . e notor maki ng up

(3 anas (i, BRGNP CROn e et oML SRteAALE STkl en) 1 T ooe
15 the DC ikAGidtt Sdolang o' Ehe inverter side is compensated
10 incrementally by'é converter.' |
Fig.'l4gis a block diagra@ showing a o/
configuration of afﬁodification of the fourth embodiment
of the present'inﬁéﬁtion incorporaéiné:the last-
mentioned functiohs. |
15 In thisie#ample, the modulation rate instruc-
tion r* is applied-also to the contrbl microcomputer 11
of the converter'upit 3, and according‘to this modula-
tion rate instruction r*, the microéomputer 11 controls
the inverter unit'3fin such a way that the decreasing
20 current on the inverter side is compensated upward on k;)
the converter side in advance.
In the fourth embodiment and a modification
thereof explained above with reference to Figs. 11 and
14, the modulation rate instruction r* is applied to the
25 inverter control microcomputer 10 from outside thereof.
This modulation rate instructioh r*, however, may be set
in advance in the progfam of the ROM 103 of the

microcomputer 10 with equal effect.




Genefally, an el evator system conprises a control board incorporating a

pewer: converter
i nverter

I ncl uding a converter unit 3, a DC reactor 4 and an

unit 5 and control m croconputers 11, which control board 20

isinturninstalled in a machine roomat t top floor of the building

together witf a wi nching mecerding ke lthee St ébotiintsitt /siedwit hbn pover
The machine.roomis desirably small in space for effective

converter.
utiligation of Fadeqr 13pand 125 like in theAingst hembodimentnsofl tieel in the
the DC reactor wei ghs several hundred kil ograns for about 10
mH i n the prior paeeenthd nweindtitongndtheulddippdes admpdrediC AEhaay becupyi ng a

contr ol

boar d,

| ar ge proportion 1 of the machi ne room space has been a probl em

specific to an sppliedr toydhenmmigrddanputemndihdior ocfonpensatirgt £onvehei on

shown in Fig. .
Fig. 1 to drbvi ngpRlei compenrenstcor for the el evator system in which the

i nverter

15 is an application of the first enbodi- 5 nent shown in

unit 3 is appro- priately controlled to assure optinmum confrol of

the output thereof withouFife AP 4 & dPIK dipgran (shawing A configu—
[ d t he di t t Jed t 10 ' ter.unif 3.
ro’a ebult. acEBraRRy ot & L BsTHRENS o, Jhe dRiERRE | IRERTEIE ERe
I nduct f the, t ' fficientl d fo | t 6
compar ed wi th ( HBLGH GheEtzet Sitbad Rk shi 8 21 £ofe PR Fedy
the 15 weight thereof is gh3o S3ed M HENCYE NAld ﬁ?@éﬂﬁ%linvention

\\/

10

15

20

25

is so construéted that in the first embodiment of the
invention explained with reference to Fig. 1, the motor
making up the load 7 drives an elevator cage 60 and a
counterweight 61 through a rope 63 and a sheave 62.
This system is thus configured with the inductance of
the DC reactor set below 6 mH. |

Generally, an eleéator system comprises a
control board incorporating a power'éonverter.including
a converter unit 3, a DC reactor 4 and an inverter unit
5 and control microcomputers 16, 11, which control board
is in turn installed in a machine room at the top floor
of the building together with a winching motor or the
like making up a load 7 of the power converter. The
machine room is desirably small in space for effective
utilization of indoor space.

-Among the units installed in the control
board, the DC reactor weighs several hundred kilograms
for about 10 mH in the prior art. The weight and

bulkiness of the DC reactor occupying a large proportion



as the conventional DC reactor of about *10 nH (as shown in Fig. 1). This
reduction in size of the DC reactor (1) reduces the nmachi ne room space, (2)°
facilitates delivery into the machine pgam (3) nakes it possible to 20
reduce the floor strength of the machine room. (4) saves the power |oss at

the DC neagiforthe ntichirde toomespatdchasZbeeh &hpreblemsspagigitctpt to
cope with an over voltage. A sixth enbodi nent .of the present invention-5

shown in Fia;p elevastow sysfemured that the control mcroconputer 11 foﬁythe
converter unit 3 and the control mcroconputer 10 for the inverter unit 5
are supplied with a povErftderembbdinenticof cthé presentrinventiof7 1
termnal 29 in addition to the nobdulation rate instruc- tion r* for the

i nverter ushown irhd&igwekS dbereanl application ©f thei finst ewbaddrgnate " 1"
for full-load upward drive or no-load downward drive (under heavy 5 | oad)
and " 0" 3f oMeRth &hQkR el (Riderl | tQrArivhRg anvinchppgi BaEPENLEF Kh@ pr esent
enbodi nment to el evator contrpol or,the |ike case requiring,various inverter

outputs. TIRFEVRRATUTEALIBe 1R feRIcR P %“V¢§tF6r“EbﬁtPoFF|ﬁ&PFﬁe i nverter
IR0 et ol ARSI 4.08 A b g B oAb Lo
i R
the ripple GUMY Y iperimposed on the direct current applied to the
10 same inverter unit 3. As a result, according to this
embodiment, it has been confirmed that the inductance of N
the DC reactor is.sufficiently reduced to less than 6 mH
as compared with the prior art.. |
If the DC reactor 4 is reduced below 6 mH, the
15 weight thereof is also saved by about one half as small
as the conventional DC reactor of about 10 mE (as shown
in Fig. 1). This reduction in size of the DC reactor
(1) reduces the machine room space, (2) facilitates
delivery into the machine room, (3) makes it possible to
20 reduce the floor strength of the machine room, (4) saves Q:J
the power loss aﬁ the DC reactor 4, and (5) lessens the
size of the processing circuit to cope with aﬁ over
voltage. |
A sixth embodiment of'the'present invention
25 shown in Fig. 16 is so configured that the control
microcomputer 11 for the converter unit 3 and the
control microcomputer 10 for the inverter unit 5 are

supplied with a power demand instruction P* anew from a




15 tends to assune a large value in a | ow output region and a small val ue
i-n a high output region. In"a high output region involving a full-I|oad
upwar d operation, therefore, it is nore imp@ittant to supply power securely
to the notor for assuring the upward novenent of the 20 elevator at a

speci fied speederminallo 29eRY add LRt NEls mddEl Hpomt t &be oinst epck1000
for even conputation processing according to the sixth enbodi ment

satiglyi ng thetibayve*NEdti ehed ind@dvedninit \i. | e Fowerx demared] Wit h
reference to Fig. 17. (1) First, steps F1100 to F1300 take in the
frequency i nst ingitiraietion [PYHasd dnmdd ues i designate ptlkrfoentulil-load

I nstruction P* and the nodul ation rate instruc- 1 tion [err], determ ne
t he general phapwaré drive tdre afiadrdewnwasrd ndoiver (enderi heavy
descri bed above, and thus determine a pulse pattern (event) to be applied
to the six 6radsast)omnd 't domothemn casesh el under bightel@addnbérafnphase
[err]. (2) Step F1400 then determnes the tine TA and TA + TB taken
bef ore a changepplisatiomaft &he present cembedinent tabeke¥d8teR ot her
enbodi ments. The tine data thus, determ ned has, such a, val ug that the
nodul a- 10 tiosonkreloforykhe likmtcase FequbringtVaEdRUBHRYEEFeEhe
inverter is retrieved nost readjly as an inverte{ cogtrol §ystg€1 (3)
Step F3000 decio¥dPufifet hdihe Jad on ;rate NSttt of” ptRsEME, on the
i f th . .
basis of the V%&#iéglfgga the inverter modulation rate in a manner to
10 minimize the high harmonic component of the inverter
\ output as described above. 1Incidentally, the power
demand instruction P*, like the instructions e1* and 6%,
are supplied automatically from the host (not shown) of
the microcomputers 10, 1l. Also, the ripple component
15 tends to assume a large value in a low output region and
a small value in a high outéut region. In a high output
region involving a full-load upward operation,
therefore, it is more important to supply power securely.
to the motor for assuring the upward movement of the
W 20 elevator at a specified speed than to remove high
| harmonics.
The operation of step F1000 for even
computation processing according to the sixth embodiment
satisfying the above-mentioned requirements will be
25 explained with reference to Fig. 17.
(1) First, steps F1100 to F1300 take in the
frequency instruction w;*, phase instruction 6*, power

demand instruction P* and the modulation rate instruc-



15 power demand instruction [err]. (4) ° -1 f the decision at step F3000
IS "Yes", the process proceeds to step E3200 where the nodul ation rate *
i nstruction supplied is ignored, and wWAicbe pl aci ng nost enphasis on the
power output, the tinme data TA and TA + 20 [err] providing the pulse wdth
data merlt | drissh at¥v derexrniiaie the oyenetall. phaBeciy time thentsame mi cr oconput er
10 for the inverter unit 5 is not controlled specifically against the —~
nDduIatlonmanngrtasaxnwmthﬁrnemb@dnﬂpnt&rdQSCtDbedhabOUBveandrthuss N
subjected to cooperative 25 control in recognition of such fact fromthe
pover denastetermingta gpulse paftern (eventheta@ebesappliedstepth®000 is
“No", that is, when full power output is not required, on the other 1
hand, in orsde# ﬁﬁ?@ﬁkﬁ#@l%oﬁ%r6F09¥@éﬁﬁ3 @hﬁhaghg ¥aleppLe thenpensat i on,
the process proceeds to step F3100 where the tinme data TA and TA + TB are
correct & i9f RhR%e fimh the nodul ation rate instruction [err] mnth 5

f h bl d d d
[Tert]) ar d Zomput od. SHeP (FLAGH  Ehes eherBktencEar biteclia nd; fathe | oad
d ds ful) d | at t tl be. i d f
or 6 01 11 g HARICANSR 1SRE0ES AvEhARGR| SpoRBL6 PREFSFE’ NEER: Coui rea. by
oMy eARETRIRECED B Lé‘%ﬁé’e Rctnopther spRERImeRt CoRECRite, ot o
reduced galg on {i0c, | BYELLREn8k Rak S shBAH ATHE ¥nhEe LHO hoBuLa-

m cr oconput
10 tion rate of unity, that is, the output peak power of

the inverter is retrieved most readily as an inverter ' v/
control system,”- :
(3) Step F3000 decides whether full power is to be
produced at preséng, on the basis of the value of the

15 power demand instrﬁction P*, '
(4) If the decision aﬁ_step F3000 is "Yes", the
process proceeds to step F3200 wheré the modulation rate
instruction supplied is ignored, and while placing most
emphasis on the power output, the time data Tp and T, +

| 20 Tp providing the pulse width data mentioned above are ;;)

left uncorrected. ‘Since the control microcomputer 10
for the inverter unit 5 is not controlled specifically
against the modulation rate, the control microcomputer
11 for the converﬁér 3 is not subjected to cooperative

25 control in recoénition of such fact from the power
demand instruction P*, _
(5) If the decision at step F3000 is "No“, that

is, when full power output is not required, on the other




15 converter unit 3 fromthe power demand instruction P* thereby to
correct the nodulation rate-of the converter _unit 3. According to the sixth
enbodi ment of the present invention, as ex i.-ned above, a predeterm ned 20
i ndex of performance is usable for control even in the case where the
capacity of it hend30IEris Obr@ét etoi seturet edntéblhplglinge emphias isiwodi nent
of the invention has been expl ai ned above with the power demand 25

i nstquction P* gippieacompensatiobns thet puocess pupceedsi Liodedepn FANXA pl e
stages and the nodul ation rate instruction [err] nmay be presented in
successi ve for where! thienyiméodatat Tafandofy tohs rate corveotedtinfactory
30. 1 control” and the like. In each of the aforenentioned enbodi nents,
the transi st or sadtordanéeawiitbithe sedulathencaater dastyyotionand wish
inverter unit 5 may be replaced by a gate 5 turn-off thyristor GIOQ, field
effect trand stxeferamcental kheokahaecapApbbgr corzested,Aata@sr* *Tay ARG or
wth commutation circuit or the like with equal effect. It wll.thus be
under st ood fr orm* T or &pdi RFVCAMBYRGDN that according to the present

invention a 10 power converter may. be controlled with, dul ation gate
based on a factor other tﬁanthﬁrsﬁéFHaFmﬁﬂaﬁmﬁpﬁoﬁeﬁgFé%@gg Ve ddul ting

o oh b oni ¢ ehe “Load “aemands 11 "powed, "Und RoduTatldY Fard ST !
instruction may be ignored for preferring power control.
10 When full power output is not required, by contrast, the
s modulation rate instruction is taken into consideration
with primary emphasis placed on the index of performance
for control, so that a reduced gain on the inverter side
is recognized by the control microcomputer 11 of the
15 converter unit 3 from £he power demand instruction P*
thereby to correct the moduiation rate of the converter
‘unit 3.
According to the sixth embodiment of the
present invenﬁion, as explained above, a prédetermined
W 20 index of performance is usable for control even in the
case where the capacity of the power converter is
limited.
Although the sixth embodiment of the invention
has been explained above with the power demand
25 instruction P* in binary form, this instruction may be
divided in multiple stages and the modulation rate
instruction r* may be presented in successive forms

including "80% satisfactory control", "60% satisfactory



| eaking out to the power supply side p OV|d|ng converter input. As
additional effects, the reduced | eak One hi gh har noni ¢ conponent toward
t he power supply side prevents flicker of a fluorescent |anp which may be
connect &d contixello \a@gﬂl}ﬁ)l%ﬂ-l@r one hand 20 and the overheat| ng of a

| aggi ng capacitor on the other hand. * * CLAI VB &,
A power converter corflr iesicky af (td?ﬁ/earﬁ@emtlmlﬁd @M%mﬂ@tan lEe powneyy-
into a DC out put, power, a current-type inverter unit for inverting the DC
output 5 otremsighers 3k ﬂ9n35|¢ﬂ4)§;1ﬁﬁiiﬁn tthe eenyertesrunpitert ed

into a DC C|r it connected bet ween_ t he converter %Slt and the inverter
unit and a3 &b QMﬁqVQQﬁeqxﬂﬂ*Qﬂﬁ|WEVE£E*F%?1§% B¥VRr98F€unit and the

ara coftr a8 It FIAEE R 01 o ST o %"@s%&ﬁm-%ﬁ%?'e’ofm‘"fki'”
A pover ol ;ﬂ%r T S PRI Srh L a0E Lo ! aPteeRar hibron ¢

el udes @ s d il AL e 'R yEONPRREA] gpELEE] (O (he

current - type I NVEr A" POWEr convert accordrng'to claim 2,

wherein said ripple W’ﬁr‘ttﬂtfs (HE Ut £ £ 550 % fm ' OR foregoing

description that according to the present invention a
10 power converter may be controlled ﬁith_a modulation rate
based on a factor'aﬁher than for anmel modulation rate g-)
control, resultingfin a smaller.sizetof the DC reactor
making up a_Dc—Aénébupler, a smalleflhigh harmonic
component of the,inverter output, and e reduced high
15 harmonic component'ieaking out to the‘power supply side
providing converter input. 'As additional effects, the
reduced leak of'thé_high harmonic component toward the
power supply side ﬁfevents flicker of a fluorescent lamp

which may be connecﬁed to the power supply on one. hand

conmponent of the |nverter out put, and a reduced high 15 harnonic conmponent

20 and the overheating of a lagging capacitor on the other g;)

hand.



20 current of said current-type inverter unit. 4. A poﬁer converter

accordi ng | in said ripple conponent is obtained by
cal cul ati omllmm'lﬂliﬂ:""ﬂﬁm current of said current-type inverter unit. 5.
A power converterL amcosdi ng to claim 2, erein 25 said control unit
corrects gate pulses for determning tinmtgs of turning on and off of
swi t chi ng elengﬁéi%gg the inverter unit based on a nodified nodul ation rate
det egni ned by ri ppl e conponent applied to the inverter unit and a

pr edet er ni ned refer %%‘{g}g @&Ve%nggﬁmiﬂs}fg hesSohVertetr' eriederaat e

pul ses to the sw tchi ments o e inve unit. 6. A power

converter accorgifte {04l abl ac Whghir) Pntédidl pEDBULMG Porergtian rate

is obtained by decreasing the reference nodulation rate by a val ue
correspondi ng tQArdhf i 8fSd CithdeFtdr kelive Fora iRvetitihgNtheeDCowpphted to
the inverter unit and a primary electric current command [err] for an

out put of the Nehd cdontrettd® WHEE iro fari C owtput gea DO areadieoratter.
7. A power converter according to claim?2, wherein said DC ripple
conponent is thenskif€ed erdgtdeaned xiREwit r connectted chetweean | Bhet of
the inverter unit and an electric current command for the converter_unit 15
whi ch i.s i ssuetcaverterdandtnianstl the ajinverteir omitt and & @@REEPLon of
the DC current. 8. A power converter according to claim?2, wherein said
control unit comibl forheomtawlddingh eaghe of the converderMNip.a84 on the

Dc rippl e conponent so that
PP w the inverter unit according to pulse width modulation

10 (PWM) control, wherein said cbntrol unit includes

~ means for controlling a modqlation rate of the
inverter unit according to an instruction applied to
said control unit.
2. A power converter according to claim 1, wherein
15 said instruction includes a signal indicative of a DC
ripple component applied to the current-type inverter
unit.
3. A power converter according to claim 2, wherein
said ripple component is obtained from a DC input
_

20 current of said current-type inverter unit.
4. A power converter acdording to claim 2, wherein
said ripple component is obtained by calculation from
a DC input current of said current-type inverter unit.
5. A power converter according to'ciaim 2, wherein

25 said control unit corrects gate pulses for determining
timings of turning on and off of switchinghelements of
the inverter unit based on a modified modulation rate

determined by the DC ripple compgnent applied to the



o - halhadig -
L ] L ] 4 e & »

__ 20 the—putse W dih nodul ati on control of sw tching elenents of the inverter

unit is ' ut so as to cause the inverter unit to produce an out put
\Ml“u\m @“ﬂ!ﬁ%peform 9.- A power converter according to claiml,

aixd pul se width nodul ati control. of the inverter unit is
carr ed out by said control unit based on a difference between an input

current of invertereuhtt #ndla Prédutattitied raidraite mo@uatic an output
of - * C L M S * 33. the converter uni-t so as to cause the |nver\~1-er

unit to pradvec andoappliiesf theusordelcted ejaten plllses pbwertlre)nverter
according to claim1, wherein said control unit. controls said inverter unit
based on SSNMMQJ.M@@M Ainvextter wuktrand [err], and a current
difference [err] between a DC current [err] applied to the inverter unit
and an el e®tric AcNOWER CANRFKEY ca¢gordinantouciadmof,t mhexadrerter unit.
11. A power converter accord| ng to claim 10, vwherein 10 said current

di ff er eRce S@ddy PPRLEE igm | nsetat & ueobtainedpc kil r ent
o 10 S L e e e s Y on e
o o B Plebirbid e Sl MBS
i ncl udes a11 applied to the inverter unit and a primary electric
current command i,* for an output.of ‘the converter unit
10 when the former ié -i'arger fhan the -_];atter.
7. A power converter according to claim 2, wherein
said DC ripple component is the diff_erence between a
DC current detected at an input of the inverter unit
and an electric current command for th_é converter unit
15 which is issued at a predetermined delay time from a
time of detection of the DC current.
8. A power converter according to claim 2, wherein
said control unit- controls the modulation rate of the
inverter unit based‘_on the Dc ripple component so that
20 the pulse width modulation control of switching v
elements of the inverter unit is carried out so as to
cause the inverter unit to produce an output of
sinusoidal waveform.
9. A power conve::t_ér according to cleim 1, wherein
25 said pulse width .modulation control of the inverter
unit is carried out by said control unit-' based oﬁ a

difference between an input current of the inverter

unit and an electric current command for an output of



naI I ndi cative of a pl e. conponent predicted to be applled to the
|nverte mumulﬂl N ! ﬂ!lfower converter according to claim1l2, wherein said
DC ri ppl edi cted by determ ning a phase of a predetern1ned
wavef or m'of ‘t heé rippl e conponent based oq%%%§ynchronous si gnal obtalned
froman AC power supplied to an input of converter 25 unit. A

Cont rab unit f Lr*?%%%%%%:‘ée%aﬁ%ee%f tU‘%?ﬁaﬁf.%ﬁ'a”?ﬂgéstg%mﬁ §'a.”dsai ‘
converter unlt rﬁhtéh%§§%C89téfﬁu£% QHEBEhO” rate of said

I nverter unit. 1 power erter accor |ng 0 any one of the preceding

cl ai ms, wherei rltfa' G 'ﬁé&éi‘cébﬁ{}ekﬂékuﬂééoédﬁnﬁ HAlc1 ¥ CR! | WRePE1A
modul ation rate for m ni m zi ng harnoni ¢ conponénts of an output of said
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the preceding clains, wherein said instruction includes a 10 si gnal
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conponent of an output of said current-type inverter unit. 17. A power
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m ni M z-ng t he genehal irvertenf unkiér andi anc @elewtsriic airenbucpomand sai d
current-type inverter unit.

i,* for an output of the converter unit.

11. A power converter according to claim 10, wherein
L 10 said current difference is a difference between an
instant value of the DC current detected at an input
of said inverter unit and a value of the electric
current command issued at a predetermined delay time
from a time when the instant value of the DC current
15 is detected.
12. A power converter according to any one of the
preceding claims, wherein said instruction includes a
signal indicative of a DC ripplé component predicted
to be applied to the inverter unit.
20 13. A power converter according to claim 12, wherein
said DC ripple component is predicted by determining
a phase of a predetermined waveform of the ripple
component based on a synchronous signal obtained from
an AC power suppl;ed to an input of the converter
25 unit.
14. A power converter according to any\one of the
preceding claims, wherein said control unit further

includes means for controlling the output of said
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18. A pomer ter according to any one of the precedlng clalns mhereln
e““l“m“ ﬁi‘gm“ncl udes a 20 signal indicative of a condition of a load *
of Lnit. A power converter according to claim18,

whet ein sai d condition |s an electrlé power required for the | oad and

whet her the nodul ation rate of the i Fter 25 unit is to be controlled or
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for the load. 20. A power converter conprising: * 35 a)

a convertemodiilbtioh ¢arecolsi Baidn iACeR¥ER’ vnilty a DC out put povver b) a
current-type inverter wunit connected through a DC circuit for converting

the DC out pgt SAp@Rierf coliverteer becording Nte anyAGrmit ot tpewer; c) a DC
reactor connected into the DC circuit -- ~connecting said converter

unit to saptecedéngecladms, wherednfsaitl ¢nstractiont ihedudest wol | i ng said
converter wunit according to pulse width nodulation 10 control; and e)
a secon8 cesagnel dandichtdveoptr el npdylationt patef fogumimimdizinge i nverter
unit according to pulse wi dth nodul ation control, said second control unit

i ncl udi ng hé&ﬁ?nﬁ§rC@GPPPGPWSnQfaanDQHPEPtoﬁfr§?éd19u6¢e§&ﬂ§YPEVerter uni t

according to an instruction
- inverter unit.

16. A power convéfter according fé-ény one of the
preceding claimé,-wherein said ihstfuction includes a
10 signal indicative of a modulation rate for minimizing \‘)
a specific harmdnid component of én'output'of said
current~type invertef unit.
17. A power cdnve?ter according to any one of the
preceding claims, wherein said instruction includes a
15 signal indicative of a modulation rate for minimizing
the general value_of;harmonié components of an output
of said current-type inverter unit.
18. A power converter according to any one of the
preceding claims, wherein.said instruction includes a
20 signal indicative of a condition of a load of said
inverter unit.
19 A power convertér according to claim 18, wherein
said condition is an electric power required for the
load and whether the modulation rate of the inverter
25 unit is to be controlled or not is determined
depending on a magnitude of the' eleétric power
required for the load.

20. A power converter comprising:
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appl [ eﬂ"l'ﬂ/ﬂﬂ u control unit. '21. A power converter according to-.
claim mmwm nstruction includes a signal indicative of a ripple
conponerit 6f the' DG odt put power applied to 20 said inverter unit fromsaid
converter unit. 22. A power converter su%s%antlal |y as herein described

S

with reference to and as illustrated in 1to5, or Figs 6 to 8, or Fig
15, 9{.;}7':' gs 16 and %) of 4 RAAAEIARNIY £ Udierting an AC power

into a DC output power:;
b) a current-type inverter unit connected
through a DC circuit for converting the DC output
5 power of the inverter unit into an AC output power:
c) a DC -reactor connected into the DC circuit
— connecting said converter unit to said inverter unit;
d) a first control unit for controlling said
converter unit according to pulse width modulation
L 10 control; and
e) a second control unit for controlling an
output frequency of the inverter unit according to
pulse width modulation control, said second control
unit including means for controlling a modulation rate
15 | of said inverter unit according to an instruction
ap'plied_ to said second com;rol unit.
21. A power converter according to claim 20, wherein
said instruction includes a signal indicative of a
ripple component of the DC output power applied to
20 said inverter unit from said converter unit.
| 22. A power converter substantially as herein
described with reference to and as illustrated in Figs
1 to 5, or Figs 6 to 8, or Fig 15, or Figs 16 and 17

of the accompanying drawings.




