1 AN ELECTRI C SYSTEM | NCLUDI NG APPARATUS-FOR COMPENSATI NG REACTI vl BonEk 7
BY CURRENT- SCURCE TYPE CONVERTER' The present invention generally relates '
to an 5 el ectric systemincluding an apparatus for conpensating an
|nstantaneous reactive power in a three-phgse power supply source by neans
of a circuit including a current-source type converter connected in

parall el with the HIES0Nere sAGfal IROLID NG AbBRATIS %ﬁecéﬁpén@ﬁfﬁe
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converter and a gene CELOE o ¥ | ol $$é?%;¥ﬁnﬂﬁ77ﬂﬂmji‘ ype
three-phase | oads are connected in parallel 15 with a three-phase power
supply source. The converter load circuit nentioned above includes DC
| oads connected thereto tirheugiesbatc dnvenition generpldyc melates tar akC
| oads such as AC notors connected by way of an inverter circuit. In such
el ectric systeneletiicobysitengdnedaiding ans appaxatds diorc giompensaticg an
various inductive |oads which provide a cause for |owering the power
factor, giving dnstantagecusareactdivea power2in| a dbmeesphagien POEIC SURPLY
power mhlch necessary i nposes a

source by means of a circuit including a current-source type

converter connected in parallel with the three-phase load
-/ o without exerting influence to the output voltage of the
B 10 converter circuit. |
A local electric system is extensively utilized in
which a converter load circuit including a current-source
type.converfe: and a general purpose_load'circuit including
,conventional_three-phase loads are connected in parallel
15 with a three-phase power supply source. The_converté: load
circﬁit mentioned above includes DC loads connected thereto
through the current-source type converter or AC loads such
as AC motors connected by way of an invefter circuit. .in
‘such electric systgms, many of the general purpose load
20 circuits include.various inductive loads which provide a
cause for lowering. the power_faétor, giving rise to

generation of a



~ means of

burden on the three-phase power supply source. Under'the circunstances, it
woul d be very desirable if the reactive power could be canpensateéd by the
converter load circuit, 5 since the burden inposed on the three-phase |oad -+
due to the reactive power then could be mtigated, nmaking it possible to
reduce the capacity of the power Smeﬁy equi pnent for a given effective
power fply In order to allow the reactive power to be conpensated by .
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apparatus k heretof ore, tHere can nentloned a systemdi sc osed in an

article gntighihee 'i:%n‘!ﬁfﬂde‘iﬂqwﬁiéed?(bn Odhd NEiFéE agtaye €9vwer and

. Appllcatlon" contalned in "Periodical of the Institute of Electrical

Engi neers ofhdapaactiVel poldt Hi¥en could betipividhted)imakiwyniget ecting
apparatus is of a nuch conplicated circuit configuration including a

t hr ee- phase/possibilas a2 edhroeertiorcapacity .ofcthaipdwer t smppkyown
detecting apparat-us is advantageous in that the instantaneous reactive
current canegaigaentt didreweegivem efifiective powss aglpslwf erbndosdertion in
the wave form In general, "
to allow the reactive power to be compensated by means of
10 the current-source type converter, it will be effective
to compensate the reactive current corresponding to the
reactive power through the current control by the
‘converter circuit. To this end, it is necessary to
deétect the instantaneous reactive current in Ehé general
15 purpose load circuit and compensate the instantaneous

reactive current by means of the converter circuit.

As the instantaneous reactive current detecting
apparatus known heretofore, #here can be mentioned ; \;)
 system disclosed in an article enﬁitled'"ceneral Analysis
‘20" of Instantaneous Reactive Power and Apylicatien“'”
..contained in "Periodical of the Institute of Electrical
Engineers of Japan", Vol. 103, No. 7, p.p. 483-490. This
known detectinglapparatus is of a much complicated
circuit configuration including a three-phase/two-phase
25 conversion circuit. Certainly, this known detecting
| apparatus is advantageous in that the instantaneous
reactive current can be detected even when the source

voltage suffers distortion in the wave form. In general,



-3 however, the waveform of the source vol'tage is rarely susceptible to
distortion, and any significant error would not be involved even on the
assunption that the source voltage is of a three-phase sinusoidal wave
form 5 Accordingly, there exists a demand for the instantaneous reactive
current detecting apparatus of nmuch simpl3fied - <circuit arrangenent. As
apot her neani for detecting and determ ning the instantaneous reactive
powér , there—i shRHE¥ATa #é?h@@vsﬁormceérGMRgSp@rWhl@hleagh disagarely ent of
t he power suppl sourcg I.s multiplied with the value of the associated
phase vol t age sRPEEeRt 91FeﬁP]GWHepéFﬁ°PheapﬂoG@&t§lsbﬂ£n#@atf@mrphree

Sapancse ot ont YE1,pBk7bATIEROIRE Afen Rp” tBbcasEHIREs %R, Ratsshersoas).
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detectlon of the Instantanedus reactive curr

Conpensat'ngsdeXbESrdZQ?19ap%ﬁbE@r§x@§%§ Beuehahar er%ﬂequEQ¥§Qathg§ny
applications. In recenf years, there arises a tendency to USE€ acti
filters. \Wth theaceReei tQkreaR! BetBRLiRFChPPArAWS" 0URuch simplified
. “oe - eircuit arrangement.
As another neans for detecting and determining
&*/. h the instantaneous'reactive'power, there is known a method
" 10 ‘according to which each phase current of-the'power suppl~
source is multiplied with the value of the associated
phese'voltage shifted by 96°, wherein the products
obtained for three phases, respectively, are added
together. Reference_maylbe made to Japanese Patent

15 Application Laid-Open No. 125035/1980 (JP-A-55-125035).
However, no disclosure is contained in the above
publication concerning the detection of the instantaneous

( : ' ‘reactive current. | B |
As the reactive power compensating device,

20 - capacitors have herétofOre'been employed in many
applications. 1In recent years, there'arises a.tendency
to use active filters, o |

With the capac1tor, only the reactlve power due
to lag can be compensated, and the reactlve current which

25 can be supplied is restricted only to the current of
sinusoidal wave. On the other hand,'with.the active filter

system in which GTO: and/or transistors are employed, the

reactive power due to the leadlng current can be
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to lag can be conpensated, and the reactive current which 25 can be

supplied is restricted only to the current of sinusoidal wave. On .the other.
hand, with the active filter systemin which GIO and/or transistors-are o
enployed the reactive power due to th | eadi ng current can be -4- 1
conpensated and the reactive current. of “the waveform other than the

Si nusoi dal Welifio&Ba 8ha0akE EHBPLLEG:bE LOELERRCHEEnEULASAEAYI Ng the

wavef or m ot han the sinusold wave and contal ning harmonee
conponent s ckHek b&xé;xorrﬂeélsaiﬁdsowahaévenbsncuiésnsecQﬁggﬂ‘iehs of the
power supply source coul d al so be decreased, whereby the urce waveform
wi |l be further inprovEkfl shenceacbivedcurténthhaving vher @avve€ogapaci tor is
used as. the reactive pomer'conpensatlng device. To 10 this end, the

‘har moni ¢ corgkirentthan the semns@w@abuwaeetandsCObeaﬂauagthdrmoﬁ&bect|on of
‘the reactive current without time delay has, however, encountered

Cdifficul ty FAFPANRNES 1¢RU1G Reoopmpensahednebhe heamonwe current detecting
appar at us because of nuch conplicated circuit 15 "configuration including a
t hr ee- phase/3ARPYUIRRES fVERe ROVRL CFURRIY EPBCERCPRAE. al\§°ah9t her

r ensati ng appafrat us retofore; there
Lgﬁtggﬁj”eo éé%%éé&“’ c@%@by e sourc wggeéorm_wgff urther

o

improved when cOmpared with the cese wherezsag capacitor
is used as the reactzve power compensatxngﬁd@v1ce. To . ~*ﬂ
10 this end, the harmonlc components of the reactive current
| must be detected. Detection of the reactive current
without time delay has, however, encountered difficulty -
with.the hitherto kneﬁn instantaneous reactive current |
detecting ap#aratus1because,o£ ﬁuch complicated circuit
15 configuration including a three-phase/two-phase conver-
sion circuit and the like;: |
| As another iqsten;aneous_reactive_power
compensatinglapparatus known-heretefoge, there can be W
mentioned_a_reaetjve power control in which.a voltage-
20 source type converter is employed, as disclosed in an
- article entitled "Operation Analysis and Designing of
'Instaﬁtaneous Reactive Power Compensating Apparatus Using
Voltage-Source ?ype PWM converter".epnta;ped in "Periodi-
~ cal of the Insfitufe_of Electrical Engineets_bf Jepan",
25 Vol. 3106, No. 4, P.p. 323-330. However, neither teach-
ings nor sugéestion has ever been made as to the use of
the current-souree type.cenverter_andgthe cpnfrol_of the

output current thereof for the purpose of compensating the



menti oned a reactive power control in,which a voltage- 20 source type
converter is enployed, as disclosed in an article entitled "Operation
Ahal ysis and Designing of Instantaneous Reactive Power Conpensating
Appar at us Usi ng Vol t age- Source Type PWM Converter™ contained in "Periodi-
cal of the Institute of Electrical Enginee?s of Japan", 25 Vol. B106, No.

mite bs to tname iRk FERERFve EPREr: ot Eokbe, PaPSLhS, RERLBHE of of
the out put CUidgii thesPobnd outhenpUCBRSE-BLy compeNsal ing the - ©

i nst ant aneous reactive power up 0SsSI'bl & maxi mum capacity of the
curr ent conver ter . 1t I 8¢ Al obheSh@bs ! £ PRESHrbebi Ao BnPLEYI O
el ectric systemincluding an apparatus --"conpensating a reactive

power suppl|@&ﬂ&ldegﬁi&ﬁf&i¢n§fﬁﬁém|£ﬁﬁh@diﬁ§'énWQbﬁQréﬁﬁéuﬂé§
conventional three-phase |oads and is connected in parallel to a

thr ee- phdse mmpersaiplng souresctbee tpoweni shppl edVvedt & géRédali pGpbse
including a current-source type converter which cooperates with the 10
general pur pdRad sireuithich inrludesteonventienal i thsgetphasaehkoads the
conpensatign of the reactive power is acconplished by detecting the

i nst ant anetu$Nk s iGRMNEFIedtin RAEHHeb| 10 Yy theeevphase npowernsupplyf

thewv. source together with a converter load circuit including a

\/ ' current-source type converter which cooperates with the

10 general purpose load circuit to constitute the electric
-gystem, wherein the compensation of the feactiVe power is
accomplished by detecting the instantaneous reactive
current and controlling the switching elements of the
current-source type converter on the basis of the detected

15 . instantaneous reactive current.

According to the present invention there is
provided an electric system in which a cbnverter load
circuit including a current-source type three-phase
converter and a load circuit including a three-phase load

20 are conhected in parallel to a three-phase power supply -
source, said system further including an apparatus for
compensating a reactive power supplied to said load circuit
by means of said'converter, said apparatus comprisihg:

first means for determining a first wvalue td be

25 @ assumed by a control factor selected in conjunction with
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current-source type converter on the basis of the detected 15

~instantaneous reactive current. According to the present invention there is
provided an electric systemin which a converter load circuit including a ‘
current-source type three-phase converter and a load circuit including a
t hr ee- phase | oad 20 are connected in Shrallel to a three-phase power

supply source, said systemfurther.including an apparatus for conpensating. -
a reactive power ‘supplied to said load circuit by neans of said converter, %

sai'd appar at I.siads i S St & ' 44 ue to be
25 assurred8§§8§1mc)%k?5r%ﬁtf %kc){h gri‘ogg?’gcts fggﬁl n conj t}:lralalédtq %cc)ﬁ Hvl-\}a[tﬁtséﬂﬁ% out put

current contsghyebtadl freaiues! 8 dee1ired owtiphtc Guaidn; produces a desired
out put current; second neans for generating a signal related to 5 the

i nstant aneous reacti vegpeshd meéapls €ort generating acisignal rdliatedreems for
determining a second value to be assumed by said control factor for
conpensai ngthei dnstahtahevesureactdive poweresuppliled hosisais aeneral gnal
10 related to said instantaneous reactive power; and fourth neans for

control | ing pwspesenjoedecpdarcnid’? sai'd current-source type converter on the

basi s of.said S
: third means for determining a second value. to be

assumed by said cont:olifactor forvcompehsating.séid
instantaneous-feactive;powergon:the.basis of said signal o/
10 related to said instantaneous reactive power; and

fourth means for-cohtrolling-switching.elements of
said current-source type converter on the basis of said
first ahd~second values. |

- .The present invention~willinow-be described in'
15 greatér detail by way of example with reference to the
accompanying drawings, wherein:

Fig. 1 is a view showing in a form of block |
diagram a circuit arrangement of the instantaneous reactive
current detecting apparatus not forming part of the present

20 - invention;

Fig. 2 is a view showing in a form of~block
diagram an electric system including apparatus for .-
compensating. a reacfive power in a three-phase load circﬁit
by means of a current-source type converter according to an

25 embodiment 6f the'pfesent invention; .
Fig. 3 is a view showing a load circuit including

a current-source type converter connected to a three-phase



first and second val ues. - The present invention will now be described in 15
greater detail by way of exanple with reference to the acconpanyi ng

df awi ngs, wherein: Fig. 1 is a view showing in a formof block diagrama
circuit arrangenent of the instantaneous reactive current detecting
apparatus not formng part of the present- 70 invention; Fig. 2 is a view
showing in a formof block diagraman electric system:i ncI udi ng appar at us

f o™=conpensating a reactive power in a three-phase load circuit by neans of

a current-sourc e cording to an: 25 - enbodi nent of  the
present inventi gnhgg' SBB§&?;%%&§?%W showing a load circuit including a

current-source type convegligs, cqﬁngg,hqut are VIBGe BBES211ustria®ieg Supply

source; Figs. 4A and 4B are“views for | ustrating operation of swtching
el enents constipbpbirB&ith oF B¥Ltehdhgd elbhan%ur EeREtItutifgt MRY ot0 Péeftistiof

shown in Fig. 3; Fig. 5is a viewshowng a circuit arrangenent
< 25 the current-source type converter shown in Fig. 3;



of the instantaneous reactive curreént detecting apparatus shown
schematically in Fig. 2; and Fig. 6. is a viewfor illustrating in a flow 5
chart operation of an arlthnetlc unit shown in Fig. 2. Now, the

i nstant aneous reactive current detecd--ing apparatus for a three- phase | oad
will be 10 described. In this conjunction, it is assuned that individual X
phase currents in thertilyr.ees ghase Jioad sewbPrbaaced rontik aRe ad@im2eie and no,
zer o- phase-sequence current flows. In view of the fact that such situatio
is prevailiosg endi Qasithy tignedits @uEiivenehr t8hecdphast ihg la@pdr althes above
assunption will involve no problens as to the validity of the present
‘invention. RBbwnrisshematHicplly. irhiRg pheseandl tages are represented by eu,
ev and ew, respectlvely, the effective value_ of line voltage is represented
by Ea, and the 20 el eftigi.c. isnd & isfw LE@habblustrapingedned Hyowhich is
given by 2.[err].f.t (mhere f represents a source frequency). Then, the
foll owi n§ rehat oﬁ?eésﬁﬁpﬂuﬂﬁ(?Qﬂﬁﬁkfhﬁﬁ#%%r@elph§béwvoﬂna§é§ [énr] and
ew. [err] -9- Under these conditions, relation given by the

Now, the instantaneous reactive current detect-

ing apparatus for a three-phase load aeeerding—to—an | v/

exenplary—enbodinent—of—the—present—invention will be
10 described. In this conjunction, it_is assumed that
individual phase currents in the three;phase load are
balanced with one another and no zero-phase-seguence
current flows. In view of the fact that such situation
is prevailing ordinarily in the conventional three-phase
15 1load, the above assumptioﬁ will involve no problems as to

the validity of the present invention.

'Referring to Fig. 1, three phase voltages are o

represented by ey, ey and ey, respectively, the effective
value of line voltage is represented by E, and the

20 electrical angle of u-phase is represented by which
is given by 2.w+£f-t (where f represents a source
frequency). Then, the following relations apply valid

among the three phaee vol;ages-eu, ey and ey.

e, = /273 3.E_-sine
e, = YZ73+E +sin(0-2/3+m | «ooeen (1)

e = /27§-Ea-sin(e--4/3ln)

&
»
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foll owi ng expression (2)- applies valid anong the three phase currents iu,
v and iw on the assunption that the zero-phase-sequence current is zero.
[err] 5 When the effective value of the phase currents iu, iv
and [err] "are represented by | with the phase differ- ence relative to the
respecti ve phase vol tages being represented by a, the follow ng reIations

apply valid.qy[err] Mre SBﬂgE&I%ﬁ s% c%gﬁlgg?%§ﬂg#%@% H%%L%&&ﬁq) 5%%9 I W

are#gi ven by the foll owi ng expressions err and

(4), electric p?&@ioﬁlﬁgn EgrQQEEBE‘Q§9-§§p&q 50081 1 g amP%% &&% lﬂﬁéﬁerr]

As will be seen fromth ve expression Rase ccarr &R

and [err] glvenphaséheuitéatstQﬁvslgfahhe1§XBhe%§b03%s t16%§Q%%E' \le
are active conponents contributing to generation of the 5 electric power,

whi | e the phasezenorphaseespgunente fettknkeds] zavd.[ err] given by the
second terns of the expressions (4) are out of phase relative to the
respective-~phase voltages by [err] and thus represent.the reactive current

iu+iv+iw=o es0s0s0sssss e (2)

5 When the effective value of the phase currents
. - iy, iy and iy are represented by I with tae phase differ-
ence relative to the respective phase voltages being

represented by o, the following relations apply valid.

i = YZ+Ie+sin(6 + a)

u
i, = V2+1+5in(0 + a-2/3°7) b eeeen (3)"
iy =iy i)

= V2+I-sin(6 + a-4/3+7) |

- More specifically, the phase currents iy, iv

10 and iy are given by the following expressions.

iu'= v2eI+cosa*sind + /7-I-sina-cosa'
i, = VZ2+Iecosa+sin(® - 2/3-7) -
+ Y2+I+sinascos(® - 2/3+1) = % ... (4)

i = /2+I.cosa*sin(6 - 4/3-7) .

+ /2+I+sina-cos(® - 4/3-m)

From the expressions (1) and (4), electric

power P can be determined as.follows:



conponents, respectively. 10 " In the case of the single-phase
system the reactive power becones zero after integration over one period.
Thus, when the electric power undergoes change within a time span shorter :
t han one period, the concept "reactiﬁﬁ power" can not have positive or
explicit nean- 15 ing. In contrast, 7i*n the case of the three-phase power
"supply system there exist the reacti,ve currents in ternms of the .
i nst ant aneous val ues. PBf Earirtectt My tw th&wdwer supply source a circuit >~

for detecting and absorbi %gééh%&gcﬁtog%e?%%xeuqe Jfnsz (é,)nl y%}l?.en)
. a (s}

i nst ant aneous effective™p nd T'wp' can wto the power

supply source. 11. Tq_e-sg_gtzi\c-/é Q._ur4[{6§rltﬁ:§f.‘1 %mg%ér@odg@wer supply source
[ rce ccor

are in phase with the respec e so ol tages. I ngly, the power

supply source nmay be onL,_ysq_fn(% -,Q%c,iﬁ%gg@ Jsz-ppn“gh to. be capabl e of
supplying the current corresponding to the 5- effective power. The :

principle of the present. igiyat i-0n AFWD & GES- ip/gia,;e?ct ion of the
I nst ant aneous reactive currents given by the second tefns of the

expressions (4). To thi & ¢flg idT dgogtecespary to deteryjne, the. copdpn

conponent 10 [err] which c&h be acconplished by determning the

-1 , As will beaseen from thefabove-expreséions,
phase current components iyp, iyp and iyp given . the
first terms of the expressions (4), respectively, are

~active components contributing to generation of the

5 electric power, while the phase current components iuq,
ivq and iwq givén by the second terhs‘of;the expressions
. (4) .are out of phase relative to the respective phase
voltages by 90° and thus represent the reactive current
components, respectively. "

10 _ - In the case of the single-phase system, the
reactive power becomes zero after integfatioﬁ over one. o
period. Thus, when the electric power undergoes éhange
within a time span shorter than one period, the concept
"reactive power" can not have positive or explicit mean-

15 ing. 1In contrast, in the case of the threebphase power
supply system, there-exist the reactive currents in terms
of the instantaneous values.

éy connecting to the power supply source a
circuit for detecting and absorbing the réacﬁive

20 currents, only the instantaneous effective phase currents

iup,'ivp and iwp-can.flow to the power supply source.



reactive power Q In this connection, it is noted that the foll ow ng

expression holds true. [err] 20 In other words, [err] is first
determ ned and nmultiplied by 2/3 thereby obtaining [err] | sin a, whichis
multiplied by cos [err], [err] and [err] respectively, thereby determ ning

the t hree-phase instantaneous reactive curtdénts [err] and [err] 25
respectively. Now referring to Fig. 1, a reference character L represents a

t he€e- phase’ | oadhfhiRyRs GIFReNtR RIQWNG Fs ShauMans SKBRLY fioRFce are in

T eneous ool UL romickin R sl PR 5%

[ det ect ed . f. { .

espect vl y. Repkel Hibrly il ddf b UlTY f H Galiit o thax 45 enough
tor which - | e hashs. enr o

generat or whi Ch oy %@%ga}?w of ﬁ%{ﬁl@.ﬁiﬂ% g'ﬁut:fé‘?\éj corkd %o the

vol tage at - every zero ssing pol ase voltage, the pul se
signal thus sor ot tasid\Gdweh) applied to a sinusoidal wave generator SG,

which in turn produces three phase sinu- 10 soidal waves represented by
cos [err], [err] and [err rHes Hidsiciplle/ ofVitHe [prddericiingredrtiidr tau® at
resides in detection of the instantaneous reactive currents
. given by the secondfterms of the éXpreSSions (4). To tLis
&v/ - .end, 1t is necessary to determine the common component
10 V2.I.sina, which can be accomplished by determining the
reactive power Q. In this connection, it is noted that the

following expression holds true.

Q/(/273.E,) = i,cos8 + i cos(02/3.n) + i,cos(684/3.m)

15 = /Z.I[cosa{sin6.cosd + sin(6-2/3.n).cos(0-2/3.n)
+ sin(6-4/3.n).cos(6-4/3.n)} ‘
+ {sina(cos?@ + cos?(-02/3.mn) + cos?(0-4/3.mn)}]

U - : 0+ 3/572.I.sina ...........;..1}.'.(6)

20 In other words, Q/(IZ7§ E,) is first determined
and multiplied by 2/3 thereby obtaining-li-l sin a, which is
multiplied by cos ©, cos(6-2/3.n), and cos(8-4/3.m),
respectively, thereby determining the three-phase |

. instantaneous. reactive currents i i and i"q,'*

ug’ “vq
25 respectively.
| Now referring to Fig. 1, a referen¢e character L
_represents-azthree-phase-;oad which demands the thrée-phase

currents containing instantaneous reactive current



the time point at which the zero-cross pul se makes appear- ance. As will
be seen by considering conparatively the expression (1), .these sinusoi dal
waves are out of phase 15 wth the source voltage by a phase difference of *
900. An adder [err] serves for an gd?htLonal function to determ ne the

phase current [err] in accordance w [err] =[err]. By nultiplying the

| nStant aneous, gl UeeeOf khest 1688 RUAREREYTEANLT ek uNgH sl ;s manne

with 207t he aneous val ués o orreéspondi ng phases of the three™¥

- phase si nuseé'ﬁi?%rw,veifoaﬁa appegki peish the. éﬁ_?‘ieh}t%e i}?,o!aaa_ 3§ bhe

I nst ant aneous thre _phgse'cur ent values by neans of nul'tipliers [err]
and [err] rgspeetedi ¢! MeanBdoEubBEEEEAR! kY adddbiBer@gEiticandh €Ty, 0duct s -

t hus: 25 obt ai ned by nmeans of an adder [err] the value given by the term
[err] in thespaptesalol (Rpfepenbe dhheavteedSPTHesighates @ plying the
value thus determnéd with a factor of 2/3, there can be obtained a val ue
of [ery]5 synéBrenikinyg pulskegenuraikpki eticht prpducksaad pudise] omy
multipliers [err] and [err] respectively, to thereby deternm ne the two
phase.inst athenkasisrefictheecuctr veinsegphapeanodltage] aby evexys z8coan adder
A3. By inverting the polarity of 5 the sumoutput of the adder [err] the
i nst ant aneocsossingi peiatir pEnthewy-phasge volkagephibe P s8e sdanal
thus produced being then applied to a sinusoidal-wave
. generator SG, which in turn produCeSuthree'phase-sinu-
10 - soidal waves represented by cose,”cos(eé- 2/3-n) and
cos (0 - 4/3-m), respectively, with 0 being set to zero at
the time point at which the zero-cross pulse makes appear-
ance., As will be seen by considering comparatively the
expression (1), these sinusoidal waves are out of phase
15 with the source voltage by a phase difference of 90°.
An adder Aj; serves for an additional function to
determine the phase current iy in accordance with iy =
-(iy:+ iy). By multiplying ghe.iﬁstantaneous values of Q;)
the three phase currents determined in this manner with
- 20 . the ‘instantaneous values-of-the-corresponding phases of"
the three phase sinusoidal wave fbrms’&ppe&rinQ*at“the
same time point as the instantaneous three phase current
values by means of multipliers My, M2 and M3, respec-
tively, and subsequently adding together the'pfodudts thus
25 obtained by means of an adder Aj, the value given by the
term 3v/2/2-I-sin® in the expression (6) can be determined.
Then, by multiplying the valuerthuS'detérminéd with a

factor of 2/3, there can be obtained a.value of v2:I.sina,



mi ned. Wien the current transformers [efr] ‘and [err] are each of the type
in which an A/D converter is incorpo- 10 rated, the circuit portion

i ndi cated as enclosed by a broken line block in Fig. 1 can be inplenented
in the formof digital circuit DS which ngy-be preferably constituted by a
m croconputer. 15 As the instantaneous reactive current iw of one phase

i s.-ari thnet pcalulyislet Bs"tREA haPEIpPEaNGLER- cbapeand £68%hi L9 /8Vpfeqls iu
amnd<i v of the other two phases. However, it goes w thout saying that the

‘reactive currentulviphjebs Mgt endimed bys _theélfvfﬁsnthggebgaﬂéﬁéiﬂﬁﬁe
provided in addition to the transforners [err] and [err] It should further

be added that ttkei¥eogphase- instantaneous reactiveienrreytal $ggband iy
determ ned through multiplication of [err], since [err] has been alread
known. 25 by means ofiamy addex Ap. By imvertpnyobheipplacitmdef of an
el ectric system.including an apparatug_for_conpensating the reactive power
“of a threeméhaéﬁh?0%%Wb9“59%%nqgr¥%$ adder Az euthe Hrstambaneouwsr ee- phase
- 14 - current-source type converter connected in parallel with the
' three-phase | odtBaGHEYRi SUEFRNE nkyq R ENERROFRAE  PRASR (FRRPe gde kR Dr for a
t hree-phase Io%ghﬁ§§cribed above

LT When the current transformers CT, and CTy are
U each_éf the type in which an A/D converter is incorpo-
10 rated, the circuit. portion -.indicated as enclosed by a
broken line block in Fig. 1 can be implemented in the
- form of digital circuit DS which may be preferably |

constituted by a microcomputer.

. In—the—case—of-the—illustrative—embodiment
15_-ehowa—§a—ﬁigf-ifkthe instantaneous reactive curreﬂt-iw'of
.one phase is arithmetically determined from the instan-
taneous reactive currenﬁs i ahd iy of the other two

pPhases. However, it goes without saying that the
. reactive current iy may be determined by another current
20 tranSformer provided in addition to the transformers CT,
and CTy. It should fprther be added that the instantane-
ous reactive current_iwq may also be determined through
mq;tiplication of cos(6 - 4/3-m, since v2.I.sina® has
‘been already known. E : L -
| 25 R*"uﬁwag*e » description wil 1°§b:“ x:ie;teri:y:gma;;;?ﬁcgg
for compensating the reactive power of a. three-phase load

by a converter load circuit including a three-phase



by reference to Fig. 1 is made use of. 5 - Fig. 3is acircuit

di agram showi ng an arrange- nent of a three-phase full-wave current

converter of transistorized type. Reference synbols [err] [err] and W :
designate switching el enments, repectijyely, each of which may be
constituted, for exanple, by a 10 reverse blocking transistor nodule
conposed Ofo A4S le debe Ebffer EQPNEshlckBasehi Barhe18aChiTer - 10
the figure, only transistors are shown for sinplitica-"tion of the St
illustrati %@%éé@%éé@méﬁrﬁheﬁﬁﬁheﬂew&:ﬁataﬁéahéo%" réketligeated on .
the positive polarity side 15 il e those attached with suffix "2" are

di sposed omcutremegidtectonl forty three-phéSecloadndesctlibed abogegh a DC
output circuit of the converter to which a load Ld is .connected by way of a-
DC react or Hy reéferéncel to Fhg. bk hssmageecud€ d6bad such as a DC notor or an
AC | oad such as a 20 three-phase induction notor connected by way of an

i nverterS - A power suppig. sduiseagehecuibsdiageampabhowingnabordiangere

- voltages [err] and ew which are bal anced with one another. Wen the phase
angl e~of tHeent sz threeophase fullzyrvecruenenty cepvertf&sefphase

voltages eu, [ery] and ew are given_by the aforepentioned expression (1).
Now, the(uﬁﬁ4ﬁﬁ1%ﬁ°¥¥%? wﬁYEﬁfngR%F%¥%3F§ ﬁﬁ??ﬂggoﬁi?ipafevauj827parts of

the current-sourge
_Wl-ané:W

éxggsignate switching elements, respectively, .
. each of which may be constituted, for exampie, by a o/
10 reverse blocking transistor module composed of a
transistor and a diode connected in series to each other.
In the figure, only transistors are shown for simplifica-
tion of the illustration and those transistors attaéhed
with suffix "1" are located on-the-pOSifive polarity side
15 while those attached with suffix "2" are disposed on the
negative polarity side. A DC current I flows through a
DC output circuit of the convertér to which a load Lg is
connected by way of a DC reactor L. The load Lg may be a QJ
. simple DC load such as a DC motor or an AC load such as a
20 three-phase induction motor connected by way of an
inverter.
‘A power supply source generates three phase
sinusoidal wave voltages ey, ey and ey which are balanced
with one another. When the phase angle'offthé'u-phaSe
25 :voltage is:répreéented by 6, these phase VOltéges eg, ey
;and_ew are given by the aforementioned expression (1).
Now, -the control of the switching élements

which constitute major parts of the current-source type



= 15 - 1 converter will. be elucidated 'by referring to Figs. 4A and 4B.
Fig. 4Aillustrates individually the phase voltage waveforns eu, ev and ew
qf the three-phase voltage supply source. For convenience's sake of
description, an 5 interval [err] (corLefﬁogding to an electrical angle
range of [err] will be considered in which only the v-phase voltage is

negative . w yh t 5 ' - Likve. «Duki t RS
Sarvar Lery TerPRE W ONE VONLEPREaRTLIORSLEIKS, cPELR, S ang

conduct i on 10 g, theyswi 5£hi POuSL PAROESing EFiduallly[ 8hé] pREBeSOoteRLEO! | ed
t hat when the abovenentioned interval [err] is divided |n?o a plurality of

sub-interval s Alavéfermongyct egnand ne,obft bhesthteb+phastenobtagensapply
sub-interval AT is deter- mned by the instantaneous val ues of the
respecti ve phassodfce vol Fagesonwén hgnaehpsasakecofiudeagripbionb- ant erval AT.
More specifically, it is assumed that the zero-cross point of the phase
angle [err] 5s tatérwsliTiuécontesponding. tapanTadectrioalt ARgdRpraggeon
(1), the instantaneous val ues of the phase voltages in the_ sub-interval AT
can 20 berexprefsel as60d) | vkl perepngideced inpyhishteniycbhet ¥rphase
determ ned by the effecjive valye of_tge Lnterphage voLtage. fgcordingly,
the time = voltage 1s negative with the u- and w-phaseé voltages
being positive. During this interval T3, the switching
\_J .~ element V3 is conducting. On the other hand, conduction
.10 of the switching elements U, V) and W1 are so controli.z2d
that when the,abovementionéd interval T3 is divided into
a plurality of sub-intervals AT, the conduction time of
the switching elements in each sub-interval AT is deter-
mined by the instantaneous values of the respective phase
15 voltages making appearance during the sub-interval AT,
More specifically, it is assumed that the zero-cross
point of the phase angle 6 is such as illustzated in Figq.
~4A, Then, from the expression (1), the instantaneous
values_of the phase voltages in the sub-interval AT can

20 be expressed as follows:

e, = K:sing,

= Kesin(8, - 2%)'"
Gy = Resinisy T 3V

= Kesin(8, - =m).

where K represents a constant determined by the effective

value of the interphase voltage. Accordingly, the time



- 16 - intervals [err] and tw during which the switching elenments [err]
and [err] becone conductive as illustrated in Fig. 4B are, respectively,
given by [err] where K represents a coefficient which can be selective- 5 =
|y determ ned in consideration of thf desired val ue of the output current
of the current-source type converter: 6A5 will be seen fromthe f or egoi ng,

pos! v po R T 60 g bl Be 10 FHBehUEBR Bk Bhabat e Tondl e
L?,Faf’?f‘ieim-ﬁ‘%eq‘ﬁq‘ ' %a"ﬁl A8 AT pSROAE SonBHELLOh, 2, EATORRRREEN",

phase v. Dum 18 eagng@d fggpggtyvébf, ?ieghagyng current can flow
t hrough a close 1 oop forhed by the load [err] and 15 the sw tching

el ements V1 and V2 under the effect of energy stored in a reactance L, and
no current flows fromthe power supply source to the load [err]. In other
wor ds, when the onIy-@mwéemt éi between the power supply source and the

| oad is considered, it*is safe to-say that 20 currents of positive polarity
flow f.romthe power supply source towahd the |oad during the periods tu and
twin the phases u ankl, v Kbspim(0yetyzmhhile the current f|ow

t, = K'+sin(e; - 37
where K' represents a coefficient which can be selective-
5 1y determined in consideration of the desired value of
fhe output current of the current- source type converter.
As will be seen from the foregoing, during the
periods ty and ty in the sub-interval AT,'cuffents of
positive polarity flow from the powér'Suppiy"SOurée
10 toward the load in the phases u and w, while a corre-
sponding current of the negative polarity ﬁill flow
toward the power supply source from the load in the phase H;J
v. During the period ty, only the circulating current
can flow through a closed loop formed by the load Lg and
15 the switching elements V; and Vz_unaer the effect of
energj stored in a reactance L, and no current flows from
the power supply source to the load Lé. In other words,
when the only current flow betWeeh the power_supply
source and the load is considered, it is safe to say that
20'currents of positive poiarity flow from the power supply
source toward the load'during:the'pe:ioas'tﬁ.ahd tw:in

- the phases u and w, respectively;'while:the current flow



= 17 - 1 with negative polarity takes place in the phase v during the sane
periods. Here, definition will be made concerning the term nol ogy. The
ratio to the sub-interval AT of the 5 period during which the current of
positive polarity flows fromthe power-supply source toward the load in
each phase wll be referred to as the positive duty factor, while the ratio
tQ the sub-Lnt et ndbatfiveerpoldirdidy AEE PLdde LA sh&se redurd 1 myv
takes place 10 is referred to as the negative duty factor. ThHe duty
factors [err] tied slaamer jpemidds phases u, v and w (which.-may be considered
to be equivalent to the duty factors of the switching elenents [err] and
[err] in the case .of theHardeystdefiisd tdanatiddnhtbe hecangarningl the
follows: [er] 15 and [err] The foregoing elucidation is based on the

assunption t hategmd ot i-Fhe TRt ie todhes fubrtinte it of the
sub-interval AT is proportional, to the .- 18 - instantaneous val ue of the
associ at ed pha®eried ing which the current of positive polarity
flows from the power supply source -toward the load in
each phase will be referred to as the positive duty
- factor, while the ratio to the sub-interval AT of *“ .
.Q,/ period during which the negative current flow t-'.:s place
10 is referred to as the negative duty factor. The duty
factors vy, Yv and vy in the phases u, v and w (which may
be considered to be equivalent to the duty factors of the

switching elements Uj, V1 and W1 in the case of the

illustrated embodiment) can be expressed as follows:

Yu = f; °sinel ' O
= ~(y.+v.) == E..{sine +sin(e, -27)}
_ >eo (7)
\ | . ) N l *
\/_ = §T *sin(@, - %“)
- K' ..s -4
YW = -TT_ Sln(el 317)
-t
15 and
-Yu + Yv -+ Yw = 0 | ......-uoocoo.o....otﬁ (8)

The foregoing elucidation is based on the
. assumption that the conduction time of each switching

element in the sub-interval AT is proportional to the



the sub-interval AT. However, in practice, the conduc- tion tinme interva

of each switching el enment can be so determned as to be proportional to the

i nst ant aneous 5 val ue of the correspondi ng phase voltage at the tinme point
corresponding to the phase shift a +el8t+ve to [err] by AT, i.e.

proportional to the instantaneous value of the corresponding phase voltage -
at the pHasdmstgtfifedws rYahve i of Uchée aasdociated. pRdsknvblieagasenof the 10~
illustrated enbodinent. Similar relations apply valid to the intervals - »¥
[err] ... atthesmdlsrintdmiabwWhyg tHewevér|; vih peactiv¥benther ebnaaesrring in
the expressions (7) is represented by y, the duty factors of the sw tching

el ement s cartign ddme dintexiak of«cpeh switehing|[element can be so |t will
be noted that the value of y can not exceed "1" as is apparent fromthe

af or enent i of@Fesmpined as &P (9 BFPROr BiPnabstohtheuipstantaneocupurther, it
shoul d be nentjoned that the value_resulting fromnultiplication of the

duty factor%ﬁ%ﬂﬁ19£/§Wﬁa§ﬂﬁﬁ&§ERP é@%@%m Y@;tﬁﬂ?hthﬁhQnﬁFWFude | of
curront | ' ERITS CUSRRRATATH A2, DR HEPRCRIL EhrEnte hBELTFeEsi 0B val e
of the int erb%h-alﬁe, Vio.let..ags?rASOrtioria‘f‘gté the instantaneous value of -

the corresponding phase voltage at the phase angle of

(6+a) as illustrated in Fig.;4A'in_the-case'of'the \)

10 illustrated embodiment. Similar relations apply valid &~

the intervals Ty, T3, ... and so forth following the

interval Ty. When K'/AT occurring in the expressions (7)

is represented by v, the duty factors of the switching

elements can be generally expressed as follows:
Yy = vyesin(e + o)

. ngY.sin(e'l'a-%'ﬂ') r ‘esecsscesssense (9)

 vecd _ 4 .
Yo=Y sin(6 +a -3-1r) ) | W/

15 | _ It will be noted that the value of Y can not
exceed "1" as is apparent from the aforemenﬁioned expres-
sion (7) which defines the duty factor. Further, it
should Be mentioned that the value resulting from
multiplication of the duty factor given by the above

20 expréSsioh (9) with_the amplitude I of the correspondi:g
.phaseﬂcurrent'at the time when vy = 1 indicates the source
current in the corresponding.phase- 'Accordingly, when

the effective value of the interphase voltage is



1 “represented by [err] .the electric power P at that time can be given by
the foll owi ng expression (10) independently of the electrical angle in the
y- phase voltage. [eri] Since this AC power nust coincide with the DC5
power, the DC output voltage Ed can be_dgjernmned in accordance with [err]
On the ot her hand, the reactive power g can be determ ned in accordance

with [err] he alReaentue®sy HlS, K dnale the M&Uth:VQ{é@Q?uE@er?

camgrolled by controlllng t he uty factor y with the phase angle [err]

bei ng set equalbel @i¥elv &5y )thaMidladwithg @aGidess el oanitde gendemtied by
controlling the factor y with a being set to [err]/2. Wen the duty factor
for controllingfi theDelectmitqailt anglengin Bthe uphmsssamldthds. [e]rr] with
the factor for controlling the reactive power being represented by [err]
the duty factor y and the phase angle a at which both of the DC out put

vol tage and the reactive power take - 20 - desired values are given by
t he foll owi.ng expressions 17)'“nd 14 respective
g p P(= ﬁ é ]?"Y‘CO -}/-ooocco--. (10)

R

g . - Since this AC power must coincide with the DC

5 power, the DC output voltage Eq can be determined in

"/
accordance with
E. = = *BE_eYecoOSa eee s (11)
d - . 2 a * 9 o8 o8 @ [ ] LN ]
On the other hand, the reactive power g can be
determined in accordance with |
_/ 3 . o
q = T._'EaQI'Y'SIna : evr e eessesess e (12)

The above expressions show that the output
ib voltage can be controlled by controlling-fhe duty factor
vy with the phase angle o« being set equal to 0 (zero),
. while the reactive power can besgontrolied by controlling
the factor y with a being set to m/2.
~ When the duty factor for controlling the DC
15 output-vdltage Eg is represented by vg with the factor
.-for controlling the reactive power~being>reprgsented by
Yqr the duty factor y . and the phase angle o at which both

of the DC outéut_voltage and the reactive power take



[err] It should be however be understood that a is not in the range of
[err] to [err] as adopted generally but assunes a 5
i n dependence on the polarity of the duty factors [err] and
the duty factor

[err] to [err]
[err] In the case of the current-sgusge_type converter,
[err] for controlling the output voltage can be arlthnetlcally derived from

RO 0 4y SRR R

det er m ned

conpensat ed or I's equal to t 15 val ue a determined in accordance mnth
the expression (12) on the assunptlon that [err] = 1.° That is, [err] An
apparatus for detecting Lye power in a three-phase | oad ci rcui t
shown in Fig. 5. Iryt&m%i#%u*ey #eference.character.qd.denDBrs a reactive

t I'®h is substantially sane as the one shown
21 - 1 the output

current 20

in Fig. 1 except for |nS|gn|f| ant difference-in

hed/ a1 Ofrds ,\_/\Ng the reactive power Qto be

detecting cir

circuit arrangenent., Acqargilngla, it will be appreciated fypgthe

descri ption nmade herei nbéf ore Y&

10

15

It should be however be understood that o is not in the
range of /2 to -m/2 as adopted geherally'but assumes a
value in the range of T to -7 in dependence on the
polarity of the duty factors Yq and Y4. |

In the case of the cuirentfsoﬁrce'type

converter, the duty factor Ygq for controlling the output

voltage can be arithmetically derived from the difference
between the current command value and the butput current
value. o

The_duty factor vq for controlling the reactive
power can be determined as the valué of Y at which the
reactive power Q to be compensated for is equal to the
value g determined in accordance with the expression (12)
on the assumption that sine = l.l'That is, |

- | Q

B /§7§;Ea;1

s e a0 s ce PO EPE SRS (15)

' An apparatus for detecting the reactive power

in a three-phase load circuit is shown in Fig. 5. In the

~ figure, reference character qg denotes a'feaC;ive current

20

‘detecting circuit which is substantially same as the one

shown in Fig. 1 except for insignificﬁnt'differehée in

val ye in the range of

IS

»
>




cohjunction with Fig. 1.that the output value appearing at a circuit OUT in
Fig. 5 can be expressed as follows: Q[err] 5 Thus, by dividing the above
@ut put value at the circuit point OUT by the output current | of the
converter by means of a divider D, thereyfan be obtained the duty factor
[err] defined by the aforenentioned expression (15). On the basis of the

principl e tyughtheaRMGput teilibuis ﬂorsaﬁ'}]ﬂxﬁ‘eﬂ .i;ﬁ%%@@inéﬂﬁpf’@rvg{gf ber

cagpensating the reactive power of a three-phas oad by” neans o

converter. Circuigprdetidtlid O fort WHE e SO 181 drY PRaddI N 18€r e DRBSEo £ONYET t er
connected in parallel to the | oad. An exenplary enbodi nent of such

apparatus i s sloajunctian With Figl rl ttieat i the eoutmitereabwe chppeat tuig [ err]
designates a converter nmain circuit conposed of six transistor switch- ing
elenents [err] a& aurgiomuidoQUDIirciRigu t5 ldansdre caxpressedas folldwsirrent
| detected by a current transfornmer CId with a current command [err] . to
arithme- 20 ‘tically determne the duty factor Yd which is then supplied to -
an arithnmetic unit C. The duty fator Yq is detected by a reactive power
detector"gd shown in Fig. 5 & red to the arithnmetic unit C, which in
turn determines the duty factor y am® the phase angle [err] from25 the
duty factors Yd and [err] in accordance with the ' o

5 Thus, by dividing the above output value at the circﬁit
\_ . point OUT by the output current I of the converter by
means of a divider D, there can be obtained the duty
factor  yq defined by the aforementioned expression (15).
. On the basis of the principle taught above, it

10 is possible to implement An apparatus for compensating

the reactive.power of a three-phase load by means of a

~ converter circuit including a current-source type three-
phase converter connected in parallel to the load. An
exemplary embodiment of such apparatus is shown in Fig.

15 2. 1In the figure, reference-charactér I, designates a
converter main circuit composed of six transistor switch-
ing elements U1, ..., W2. A current control circuit I¢
serves to compare a DC current I detected by a current
transformer CT§ with a current command Ig to arithme-

20 tically determine the duty factor ygq which is'then
supplied to an arithmetic unit C. The dﬁty'factor Yq is
detected by a reactive power detector qg shown in Fig. 5
and applied to the arithmetic unit C,; which in turn

 determiﬂes-the=duty factor y and the phase angle a from

25 the duty factors yg and Yq in accordance with the



- 22 - 1 equations (13) and (14), respectively. In Fig. 2, a symbol [err]
designates a circuit for generating a pulse signal to control the converter
main circuit, which circuit [err] is constituted by a mcro- 5 conputer and
has the inputs supplied with the factag Yy, phase angle a and the
synchroni zi ng pul se signal produced by the synchroni zi ng pul se generat or

- SP. The pl eeguaedbnandiie)[ and (af4)t,hedspeasicrelgttage is determined with .=
reference to the synchronizing pul'se 10 signal and added with a to obtain »F
[err] being followed fin Bdger @,nat isymbafll Fhe deyithatd=Lrd [civgh{teredrto
determ ne subsequently the duty factors déefined by the expressions (9)

t hrough nul geperating enpuilise pignal to controlpjtheailqarpiedber thesindut y
factor thus determned with a carrier period (corresponding to the

sub-i nt er vafinguikewnhiighricdrepik Pr d& consdidtedb ke @I on can be
determ ned. Wen the pul se durations are determned for two phases, the
pul se duPat FEMPRERT: RBI; Ba& they iaPukis. SURRH etk widdyithe FAGERI ¥rom the

two pul se dufations [ n accordapnce with the gforenentioned pression_(8).
For the conBNBERnBRBLE: BuoPA HAFcAYRARBEORIFNG, BRe (S 9AAT PRIRHCEA  chi ng

negati ve aniYpboPt PyBchEoR fius” el BRARF S, P T Toa w th the number

of

¥

. .~ The electrical angle 8 of the u-phase voltage
is determined with reference to the synchronizing pulse o
10 signal'and added with a to obtain "¢ + a", being followed
by determination of'the terms "sin(e + a)" and -
"gin(® + a -2/3-71)" to determine subsequently the duty
factors defined by the expressions (9) through multipli-
cation with y.
15 By multiplying the duty factor tﬁus determined
with a.carriér_period (correspohding-to the ‘sub-interval
AT shown in Fig. 43), a corresponding pulse duration can
. be determined. When the pulse durations are determined
. for two phases, the pulse duration for the remaining
20 phase can be readily derived from the two pulse durations
in accordance with the aforementioned expressioh“(a).

- For the condﬁcting-period in which the input current is
éero,_the switching transistor elements belonging to the
same phase and disposed on the negative and positive

25 sides, respectively, méy be fired with the number of
chopping times.being decreased as small as possible.
The functions mentioned above can bé easily'

accomplished with the aid of a one-chip microcomputer.



¢hoppi ng tines being decreased as small as’ possible. The functions

ment i oned above can be easily acconplished with the aid of a one-chip

i croconput er. - 23 - As nentioned hereinbefore, the factor [err] is not

allowed to exceed "1" (one). Accordingl¥3 when the value of [err]

calculated in accordance with the expression (6) should go beyond "1", it

| - necessar% to limt thds/ aentioned henenﬂuéforéhethe|fmmemrc70bsra¢ton
ormed by the arithnetic unit Cin this conjunction is illustrated in a

flow chart in Falld-OV@d M@iﬂqﬂaﬂ 138l (onewherAedrrdinglky ofwhen rthelevalue ned

' fron1[err] and rr ccordance with the expression 3 exceeds "1,
ei t her of the Q’ fcaﬁgt a“' ddc’d?rpﬁﬁﬁé?ﬁga“&e ity ’?ﬁ%te’gﬁrg )In this

t hat duty fact Yd d
o mor e be obt AR %@&w@"q& b i en %é’%revr AL #ﬁet“hen hAe  he
DC t t quI et d
O current b Ca Pled reﬁivtbf}i e 1S aesrdfoem&iobxotrﬁevem
th I f I
setet:/ﬁguteﬁg v;%rt?e 4* ierr] eques ]to’{herr]rwwéﬁ%e lzi(s)sr rieisﬁb%%énge%a ue of

ais deter.m neGidy U S 5l eMdre specifically, when the value

of Y determined from y3g and Yq in accordance with the
expression (13) exceeas "1l", either of the duty factor

10 components Yq or Yq must be reduced. 1In this connectibn,
it is noted that when the duty factor vq is reduced,
there can no more be obtained the requisite DC output
voltage, resulting in that the Dc-current I can not
follow the current command Ig. Under the circumstances,

15 the reaqtive power component Yq is reduced to prevent the
value v from going beyond "1". In other word, v is
limited to "1" by setting the value of Yq equal to
/E—:f?EE while the corresponding value of o is determined

in accordance with

@ = tan d_, eeecensseeees (16)
Ya |Yqi

20 In the above expression, multiplication with (Yq/Iqu) is
for the purpose of determining accurately the quadrant of
o. |
The present invention can be advantageously
adopted in such application where the load Ld-is

25 constituted by a 1lift car system in a building and the



20 In the above expression, nultipli cation with [err] :is for the purpose of
determ ning accurately the quadrant of a. The present invention can be

advant ageously adopted in such application where the load Ld is 25 %
constituted by a lift car systemin_ a%ﬁmldl ng and the - 24 -
i nst ant aneous reactive power of the o) | oads Lc present within that

loads | n ¢ heBarT SPRG ce T8 4 A o | B B0, i it ed5r
manner . ?53@{&!\/5“;,1,, that Baias q{?’ SHY E idp nsgm %&&onverter | oad’
i nc pe t c

circuit uding a current-source ty ree-phase er and a | oad

circuit incwhdrapyather pewelrasupplyd demand EorC IE A Idudaral lgle to @
t hr ee- phase power supply source, said system further including an apparatus
for conpenshuiddingr azet tmebpommagleﬁplsamistﬁacﬂ:ﬁuﬁ]lyoaich G rdbbztdﬂy neans of
said converter, said apparat us corrprl si ng:

‘nated manner.



first means for determining a first value to be 10 assumed by a control
factor selected in conjunction with output current control of said
eonverter so that said converter produces a desired output current; second
means for generating a signal related to the instantaneous reactive power
supplied to said | oad 15 circuit; third%Peans for determ ning a second

vad ue to be gﬁégggg;by said control factor for conpensating said
IRgt ant aneou +ve power on the basis of said signal related to said

i nstant aneous reactive power; and 20 fourth neans for
controlling switching el ements of said current-source type converter on t he

basi s of. said first andasesnddty it Usystem in wh%cﬁ‘ éyééﬁ%fﬁéfrﬂbag

claim1, wherein said control factor is a duty factor Indicative o

ratio of 25 citc® € Analuding e GkfehtISoet88CEypé NtRAEE-Phase of Sal d
26 converter is made conductive. 3. A system according to claim 2,

wher ei n sai d donvditeraard i aclost® scircwit t ineludingi & threé+phaset Lealy 5
deternmning a control value [err] for said duty factor and a control val ue
[err] forS phase.gapnediedn taiphrallel vid e threé-phase apawsecsupplwl ue
.[err] of Sal-dsource,-sa:i.d system further including an apparatus for
. compensating a reactive power supplied to said load circuit
/ ; by means of said converter, said apparatus comprising:
first means for determining a first value to be.
10 assumed by a control factor selected in conjunction with
output current control of said converter so that said
- converter produces a desired output current;
- second means for generating a signal related to
. .- the instantaheous reactive power supplied to said load
15 circuit;
- third means for determining a second value to be
\,) assumed by said control factor for compensating said
instantaneous reactive power on the basis of said signal
related to said instantaneous reactive power; and
20 - - fourth means for controlling switching elements
of said current-source type converter on the basis of said

first and second values.

2. A system according to claim 1, wherein said
control factor is a duty factor indicative of the ratio of

25 time for which the switching element in each phase of said

) 0 Y



duty factor, and a control circuit for, controlling electric conduction of
t he SMAtChIng el ements of said converter on 10 the basis of said control

»

value for said duty factor and said control value for said phase angle. 4. B
A system according to claim3, wherein mhen the arithnetically determ ned '
val ue of said control value 15 for 4&id duty factor exceeds "1™

(unity), said control vyalue et ual to "1", while the control value -
a for the phGSBVERYLE 18 ﬂ@ﬁ@rﬁpﬁgﬂc§g§ﬁ that [err] 20 5. - An e
el ectric. systemconstructed and arranged to operate substantially as herein
described with reference to and as illustrated in Figs. 2 to 5 of the

acconpanyi ngzdraw ngs. o gystem according to claim 2, wherein said fourth
means includes an arithmetic unit for arithmétically
5 determining a control.value-Y ='/z:?_:f§:f for said duty
factor and a control value a = tan?t(vq/t,) for phase angle
from said first value y, and said second value.!;'of said
duty factor, and a control circuit for controlling electric
' conduction of the switching elements of said converter on iui
10 the basis of said control Qalue_fér*said duty factor and

said control value for said phase angle.

4. ' A system according to diaim 3, wherein ‘when

-the érithmetically determined value of said control value
15 = for said duty factor exceeds "1" (unity), said control

value 1s set equal to "1", while the control

value a for the phase angle is determined such that

a = tan ! (V1 =¥, 2/¢,). (Y /|Y, |)-

20 5. a An electric system constructed and -arranged to
operatefSubstantially'as herein described with reference to
- and as illustrated in Figs. 2 to 5 of the accompanying

drawings.
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