UNBALANCED VOLTAGE COWVPENSATI ON METHOD, UNBALANCED VOLTAGE
COVPENSATOR, THREE- PHASE CONVERTER CONTROL METHOD, AND CONTROLLER OF
THREE- PHASE CONVERTER 5 Background of the Invention 1. Field of the

I nvention The present invention relates to unbal anced voltage
conpensation, and nore particularly, it relates to a method and a
conpensat or UGt AE SRR aVCdgh ABEF SrONRBAISANEEOHF MIF B phaddBBAGANCED
(alternati n& current) gd a control nethod and a contraoller for
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known t hat occurrence of voltage reduction on the power source side,
such as instantaneous voltage drop (voltage sag) and a |l ong-term

vol t age 5 edyalbkrodB dase AR HePRAL I 1 88 | 0ad side which receives
power supply fromthe power source, such as production |ine stop and

defects in manEoel dr & geRds.rdWepadyidgul ar, since it has a
significant inpact on sem conductor nmanufacturing equi prment,
standards are estBbei ghmeels2b ir egaveingi o he neol 4 ages slag; vhIEM anced
F47-0200" (non-patent docunment 1), and "SEM F47-0706" (non-patent
docunent 2)VoAL ot samensd theehodand moRsppidedchAdardem it

F42- 0600".
relates to a method and a compensator for compensating

10 for unbalance of three-phase AC {alternating current),
and a control method and a controller for compensating
for the unbalance of three-phase AC in a three-phase
converter which converts three-phase AC power into DC
(direct current) power.

15
2. Description of the Related Art

It is known that occurrence of voltage reduction
on the power source side, such as instantaneous voltage
drop (voltage sag) and a long-term voltage reduction,

20 has an impact on the load side which receives power
supply £from the power source, such as production line
stop and defects in manufactured goods. In particular,
since it has a significant impact on semiconductor
manufacturing equipment, standards are established

25 regarding the voltage sag; "SEMI F47-0200" (non-patent
document 1), and "SEMI F47-0706" (non-patent document
2). As for a testing method, it is described in “"SEMI

F42-0600".



Conventionally, this type of voltage sag has been addressed, for
exanple, by installing an electric storage device such as a voltage
sag conpensator and an uninterruptible power supply (UPS), which
enploy 5 a capacitor and a storage battery. The conpensator using the
el ectric storage device may have a configuration to be installed as a
paral |l el device & ?R¥EHALPRE PpbertBbgr E¥pH o g 0 ghres h@allasi Heen
Alternativelé,g it my be installed_ as a serial device, 10 bejng

i nserted bet Er??ﬁ@dpov%‘?rs&i‘r‘?%?%iede BRd it # bdd ng den \/ﬁ]t‘ﬁcérlc
conflguratlogothat tag ower s¥%hen1|s swi.tched at the ti

vol tage sag® -°f@9¢ i E80hA FhEP LRSS S?ﬁNQOTBF&ﬁQﬁﬁFOﬁnd
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vol t ages of the (

three- pfsaseaA@alw@itlo&t oalt?@ F%P"‘@for pBW%rtéEPplWI%tQSrerf@x@sE%or
mai nt ai ned by the voltage sag conpensator (for exanple, see patent

docunent 1 @gdnRAtent @wamﬁ.&)st%&%@ a@viéaswﬁeﬁa&e a
configuration exanple of a conventional voltage fluctuation

conpensat orcd0Zi b BGatliton | kustvat eéasat 4 hiedt phase Az paldre sodewdce

101 in the formof wye connection having AC power sources 101a, 101b,

and 101c foeitdspecehvéhshazewerHamwece 26ida phre coonvent ilored side.

systen1usiqg the electric storage device, it does not matter which

connecti on #4t&HENBYET S I Te We‘“@ﬁnﬁ@c%ﬂ@rﬁ@lééﬂ g8 soff&ctd brleThee.
tyation co 102 is installed between the
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electric storage eV|Ce i's appl y Tof-
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conpensator 102, as to the phases ase C (a-phase, b
- phase , and c-phasey, alifo VIRhbLIGE CVARERSAIN 08 ShiGU t $n @43 ud€4Rn

and 104c for respective phases are serially
or instantaneous voltage drop cccurs in the three-

15 phase AC input voltages of the (AC-DC) power converter
for converting the three-phase AC power into DC power,
the power supply to the load is maintained by the
voltage sag compensator (for example, see patent
document 1 and patent document 2).

20 FIG. 16 illustrates a configuration example of
a conventional voltage fluctuation compensator 102.
FIG. 16 illustrates a three-phase AC power source 101
in the form of wye connection having AC power sources
i0la, 101lb, and 101lc for respective phases. However,

25 in the conventional system using the electric storage
device, it does not matter which connection is emploved,

the wye connection or delta connection. The voltage

fluctuation compensator 102 is installed between the



10 connected, those voltage conpensation circuits respectively being
provided with capacitors 105a, 105b, and 105c as energy storage

nmeans, and a control circuit 103 is provided for controlling the
vol t age conpensation circuits 104a, 104b, and 104c for the 15
respective phases. The three-phase AC power source is

connect ed nbhr@# yphe sehr 2€- phasereguiwatentl ¢ badsd bait D&l sboad (not
various singl e-phase | oads. Application of such various |oads or

i nfl uences sddt BETfERher phéndferfoh P9 BAd eat dieient tpladndriedobhrme -
cause a volt %g sa%:in the state where the three €hases are bal anced
or unbal ancR82se AT Pofpar, §PUdfe® WhpBnthei 64 aGHELCt § trguagel1devase

, and 104c for_the _.respective_phases,. output conpensatin 5, vol tages
for the respécty¥e lpch%ggf tgsﬁgyo%gat%‘(?rﬂrgﬁdc??&ﬁcf éOE‘ogP%oFK& %‘83?%3
103, ang cogpe .f.or the voltage fluctuations. The vol tage

fluctuation co%p%gélgéioglr' 102 recharges the capacitors 105a, 105b, and

105¢c during the npfMeh OPE6 ek £0uldn8¥8¥Yn OboiipUd s bR rUghi O g
or instantaneous voltage drop, the electric power discharged fromthe

capaci tors 405ehelfbhseand cdTh KeeSea-goNss 8N C O PPhasd [ agephase,
thereby 5 conti nuing power supply to the DC | oad. There are

foll ow ng papkl erphasehe tdld agel sagec anpepsatscrt Asndederdbied sabovies ,
i.e., not only this systemrequires equi pnent investnent for

instal li ng hOK¥¥r.geaBidzdd €tedtay cretsmeagbideyipbasren sapacievialdly
unit, but also periodic maintenance is necessary. Therefore, it has
been défande8PEIEE tpOuert R SSupHPLEQ %R aBPIN BRI FRddo Bf Cddifiet tisng

t he three-phase AC input power, evengjg éhe_tine of instantaneous

vol tage dr ob®SRThbut Susy PF e RF8¥HE S HbFhRaBaR o T #htP e ayad OFP -
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103 is provided for controlling the voltage
compensation circuits 104a, 104b, and 104c for the

15 respective phases,

The three-phase AC power source is connected not
only to three-phase equivalent loads, but also to
various single-phase loads. Application of such
various loads or influences such as weather phenomenon

20 and accident phenomenon may cause a voltage sag in the
state where the three phases are balanced or
unbalanced.

The voltage compensation circuits 104a, 104b, and
104c for the respective phases, output compensating

25 voltages for the respective phases based on a command
from the control circuit 103, and compensate for the

voltage fluctuations. The voltage fluctuation

compensator 102 recharges the capacitors 105a, 105b,



In order to address the probl ens above, follow ngs are suggest ed;
considering that in the event of the instantaneous voltage drop, the

i nput 20 voltages during the voltage sag becone unbal anced in the

t hree phases, a three-phase PWM converter is enployed to conpensate
for the voltage sag, by controlling the three-phase unbal anced i nput
vol t ages duahfdg thecvelungrgsddrpenicamatoorptatachi evelnhdldh event
vol tage sag conpensation w thout using the voltage fluctuation
conpensat or®&nf hol PhE BT OP AGE HRF ceR SAGREARSP YD YR hageadEop .,

sag conpensation_by using the three-phase PWM converter, the electric
power havi nﬁhebﬁéﬁ%%bﬁ RAViST CHeS pbAmg e il QMR §r 82PRE L bPESge 052,

sag state c e l,i ont i nuousl even after the_qccurrence_of
t he vol tagefgg%' %'{P&)lo%jc ereePﬁa?tce?gsgr?ngtxﬁluatn%'tl?:o\zlo\%vi ﬁg%eeﬁr}ﬁ geby

how the 5 t b &% pIASH UL §RV B 161 6 0lchd Mt iggaphase

unbal anced 1 nput voltages. 17 illustrates an equival ent

circuit in the eveRkref dﬁ%t§8§rﬁﬁhngn H&»1dkhs &n €Re ¥ €age sag
represent transm ssion line voltages balanced in three 10 phases, Z1

represents @ompaErsgassionaéi deddapedaiteabdiad,, Z23e .andnd8lcatey this
equi val ent i npedances at the tinme of voltage sag, eab, ebc, and
e"represents¥steworegyesr eabalcantpuent t hnee ptmses gemer atnedt al Ltilngy
time of voltage sag, el, represents a zero-phase-sequence 15 voltage,
and Za, Zb,2ah@TAfRrepresbilesidd iapetiaragdewirdi¢e expReSaRAFALOT

t he forg1of | gad inBedance obtainedggy converting t he, DC | oad Rdc
(shown I'n FRELT18)PHE kS PhPEEPALSE ARRERAMANINEGE IheRGTRSSATY -

a1 LUCe, | S A5 20, BB S U SRR A LS YL A0 4
22?3; ?lzl) owd A a%%ﬂf?né&)l st 8f( él)nveé]rflll?i@%ﬁloé (tll'}rgée-%h:a EQCRE( %p'ut
power, even at the time of instantanecus voltage drop,
without using the electric storage device. There has
15 been also a demand for a power factor improvement
without using the electric storage device.

In order to address the problems above,
followings are suggested; considering that in the
event of the instantaneous voltage drop, the input

20 voltages during the voltage sag become unbalanced in
the three phases, a three-phase PWM converter is
employed to compensate for the voltage sag., by
controlling the three-phase unbalanced input voltages
during the voltage sag period, so as to achieve the

25 voltage sag compensation without using the voltage
fluctuation compensator employing the storage device.

According to the voltage sag compensation by using the

three-phase PWM converter, the electric power having



et = Entos(cat + 2A/3)(3) Since e", es, and et represent
the transm ssion 30 |ine voltages bal anced in three phases, negative-
phase- sequence conponent en("t) and zero- phaseseguence conponent
eo(rst) do not appear. Therefore, the negative-phase-seqguence
conponent en(rst) and the zero-phase-sequence conponent e, (rst) are
expressed bhesn [ruppllicd ngnf sheulreo ¥Bpl aifate) befetesthe Qe lt4ge
In the exanple of FIG 17, the state where the voltage sag is
occurring coPdespSicd IdRthe SPRPL iNdtCPRe ldyievaleht arpRdahiéesr the

ZI 2, 723, and Z31 are appli 10 on.the transm ssion |ine inpedance
21. On this®ECEISTBRES h‘g%I %g‘é% v%?i&@&eeﬁﬁ)g,‘ e,0, and e" go into the

thr ee- phase unbalaneed (5iate, and, GAUSe LG ZEL0LRNASE SEAUSHCE ) ¢ tho

voltage el " as shown ) own Th W th Fespe

the termi nalf b3 hgsé”@Wﬁiébﬁ%§EEQE E®%€f65§35§eikﬂﬁ%é§ Fhse

t he three-phase AC power source 1 and the right side ustrates

a main circghbaudbceld thephr agophaggonverter 200. The three-phase
AC power source 100B is iIFustrat ed in such a manner as being

equi val ent 20 to rhe.t hrrea-yphaserka asnced ¥qutiageseat cdrcand eéh the
and unbal anced factors. In this illustration, application of the
i npedances €¥2niZ2@f amdl Z3¥eassafownlin FIG. 177 expressas taed e:
unbal anced factors in equival ent manner.
represent transmission line voltages balanced in three
10 phases, 7Z2; represents a transmission line impedance,
Zi12. 233, and Ziz; are equivalent impedances at the time
of voltage sag, €.p, €be, ahd €., represent line volftages
unbalanced in three phases generated at the time of
voltage sag, e;, represents a zero-phase-seqguence
15 voltage, and Z,, Z,, and Z. represent load impedance,
which is expressed in the form of load impedance
obtained by converting the DC load Rge {(shown in FIG.
18) to the three-phase AC input side.
When the amplitude is assumed as Ey, the
20 transmission line voltages balanced in three phases

er, ez, and e; are respectively expressed by the

following formulas (1) to (3):

e, = Epcosot w (1)
25 e; = Epcos{(ot - 2p/3) w (2}
ey = Epcos{wot + 2p/3) w (3}

Since e, es, and e: represent the transmission

30 line voltages balanced in three phases, negative-



25An unbal anced vol t age conpensator 400 uses given or neasurable

t hr ee- phase unbal anced i nput phase voltages to generate conpensati on
signal. The three-phase PW converter 200 is provided with a

t hree- phase PWM circuit 200a and a three-phase PWM control pul se
generator 200b. The three-phase PWM control pul se generator 200b
gener at es cph&se - pakde B¢ gnalanbased bnet he +f heedl phase pbakanced

i nput 5 voltages generated in the unbal anced vol tage conpensator 400,
t her eby exef EA3IGCEhE VPP BEMY 0P o over £Re NF cBPPIRAE - PWIDGE TR EPES .
200a. Accordjng to the PWM control, the three-phase PWM converter, 200
suppl i es t ot e &I Fbad SRR 25 PRATA 1 GG COTRAP ER L P adret) and the
unbal anced yol t agqe%g% ensation has_been perfornmed. o oxdtSess b
descri bed above, et reegphase unBarance inf)LﬁSt\}o?FagesXPd]ﬂrl n&% e
vol t age ssag; gre ]?é)ﬁ_ggjilrg bel_lrg@lghr(e‘py Ehase PWM converter, and the

conpensation 15 for the voltage sag can be achi eved w thout using the
vol tage fluctuati@n compengator, ,enpl gying the el ectricggtorage device
such as a capacitor or a storage battery. However, in general, in
order to control 1hetd@ tdxempihwsetPWdconuagrt echien shaeh Rie fEowdIe
Factor Correction) is incorporated, it is necessary to derive

wye- connectvoi ttdgee phgate cobalanted pbhasse spbhagesatiled stetd2@pat
out of phase with each other. After the process for converting
derived detehei eqsigades Roinpedangeables, dhea @otétf ng adRwrap paded
system %dq-axi s)., they are separated into a positive-phasesequence

vol t agd? a PRgdth& el pRAHIEEFIMR e L& adBP et G 82 et 10~ pHARetdegtience

voltage, and they; are used 135J epgbagh slonals which are pecessany

the three-phase unbalanced state, and cause the
zero-phase-sequence voltage e;, as shown in FIG. 17.
As shown in FIG. 18, with respect to the terminals

15 a, b, and ¢ in FIG. 17, the left side illustrates the
three-phase AC power source 100B, and the right side
illustrates a main circuit unit of the three-phase
converter 200. The three-phase AC power source 100B
is illustrated in such a manner as being equivalent

20 to the three-phase balanced voltages e., ez, and e,
and unbalanced factors. In this illustration,
application of the impedances Zi:, Z,3, and Z2i; as shown
in FIG. 17 expresses the unbalanced factors in
equivalent manner.

25 An unbalanced voltage compensator 400 uses given
or measurable three-phase unbalanced input phase
voltages to generate compensation signal. The

three-phase PWM converter 200 is provided with a



For exanple, the follow ng non -patent docunents 3 to 5 are known as
describing the voltage sag 5 conpensation according to the

t hr ee- phase PWM converter control. In the three-phase PW
converter control described in those non-patent docunents,

t hr ee- phase unbal anced vol t ages of wye-connection,which are 1202 out
of phase 10thiee enblesst hBWM arikrassune?i0 8 givén aortmeesubae el MM
phase voltages. On the other hand, a general three-phase power
di stri buti oRO&ytein &Mt B§s I¢I e BaESMNet? Pon. IThehdhneeeDftfge PWM
power distribution with delta connection, 15 the three-phase voltage

whi ch can bECAGURAL I PUAeR FRBSFE LT A AR IT e TRt SRefioffero Ll pulse
terminals, and t - ti |t d th - phases:
orm el BUALEs e spanasl o0, di20g s e asten plass senuee

vol t age are™ unneasur able: ore,

20thre%ﬂﬂ@égﬂg@ékﬁ§§3%¥gﬁé@e§ﬁT%ﬁ@equi?aﬂwg%épﬁgﬁ?%ﬁM

di stribution being tl ta connection, e three-p PW
converter CeBhpdn¥AkGt h@ﬁereihéﬁel\b%ﬁtéﬁeild:’)’s§H@9@§1{§dPWM ¢éntrol

necessary to derive fromthe |ine voltages bei ng nmeasured,

t hr ee- phaseo 22 rurtitad anaedt Phphe ol 2 RPes kst v tt 2o owe- caereLti0hg to
whi ch are 120Q out of phase with each other. As descri bed
above, w t hthlkee RNt coin0foflhe theedlphase pirdséa®ddd ¢opwte vbktrage®so
during the voltage sag by using the three-phase PWM converter, it is
possi bl e t ocsu@Wlelest ke VoteaBé dapdoRPénsathenDii tholt ags got waich

vol tage fluctuati on conpensator_ which enpl oys an electric storage
devi ce ¥uchthe nbalanced voltage compensation has been

performed.

As described above, the three-phase unbalanced
input voltages during the voltage sag are controlled
by the three-phase PWM converter, and the compensation

15 for the voltage sag can be achieved without using the
voltage fluctuation compensator employing the
electric storage device such as a capacitor or a
storage battery.

However, in general, in order to control the

20 three-phase PWM converter in which PFC (Power Factor
Correction) is incorporated, it is necessary to derive
wye-connection three-phase unbalanced phase voltages
which are 12092 out of phase with each other. After
the process for converting derived detection signals

25 into variables on a rotating coordinate system
(dg-axis), they are separated into a positive-phase-
seguence voltage, a negative-phase-sequence voltage,

and a zero-phase-sequence voltage, and they are used



5 capacitor or a storage battery. However, in general, in order
to control the three-phase PWM converter which incorporates the PFC
(Power Factor Correction), it is necessary to derive the three-phase
unbal anced phase voltages being 10 wye-connection, which are 1202 out
of phase with each other. Detection signals being derived are

subj ect ed tascdeedbiagk ps bgassl ¢ owhd conaaret aue cetse ¥ayi ddestbe t he
rotating coordi nate system (dg-axis), and thereafter, these signals
are separat@@8nitfi®dla 15 positive- phase-sequence vol t age
negati ve- phasesequence vol tage, and_zero-phase-sequence voltage, so

as to be used as I®EdBRERRE:GnafRewhe Ef o PP edP REP e TOMTPAT S
The non- patgnttodogugerétsk3 to 5 argelgncoﬁ:vgggs 20 g%ﬁi‘%ﬁ%%@%ﬂ??&, by

vol t age- sag™ conpensa ion’%?wphéa?hree-p

f t ) t Lr
way o %Xan@bﬁlﬁé_ﬂ) ¥8'on Q‘éct(nf(‘fffn fiﬁc? E\q@ecﬁ?’é%&_ %gggun%gllwanCEd

descri bed in these docunents assune at t

vol t ages beipd- et eonnach + e 125 which are 1202 out of phase with
each other are given or measurabl e i nput phase vol tages. On the
ot her hand, algenerealtliheee-pgihase paercdnstgr boli e Bysbamdadetoibed
the delta connection. A voltage that can be neasured is a

del t a- connetti dhotsley e@rphpaé evot tgepmamdt st trad-ipeava nagem lanced
bet ween each of the termnals of the delta connection. Therefore, a
wye- connect YA tad ¢ sgef atide acodype gitdsydr . which are 1202 out of phase

10 with each other, are assumed as given or measurable
input phase voltages.

On the other hand, a general three-phase power
distribution system employs delta connection. 1In the
three-phase power distribution with delta connection,

15 the three-phase voltage which can be actually measured
is a line voltage between the terminals, and the
wye-connection voltage and the zero-phase-seguence
voltage are unmeasurable.

Therefore, in order to compensate for the

20 three-phase unbalanced voltages in the three-phase
power distribution being the delta connection, by the
three~phase PWM converter control which has been
conventionally suggested, it is necessary to derive
from the line voltages being measured, three-phase

2b unbalanced phase voltages being the wye-connection,
which are 1202 out of phase with each other.

As described above, with the control of the

three-phase unbalanced input voltages during the



5 sequence voltage are actually unneasurabl e. Consequently, in order
to conpensate for the three-phase unbal anced voltages in the
del t a- connection three-phase power distribution, by the three-phase
PWM converter control conventionally suggested, it is 10 necessary to
derive wye-connection three-phase unbal anced phase voltages which are
120Q out of vpAdsegei slaeadeh otslierg themtheelerehaslet R beingerter,
measured. Wen the voltage sag conpensation is controlled by the
three-phaselpvm/ﬁcﬁﬁ?@r%‘%g? PP ashicce’skry Yeldameriagscamnen§gpdon
vol tages of the three-phase unbal anced vol tages being received, into
wye-type vol'tddesut %s“?ot@tﬂ af ALEGHT off 1346 BHatter S PRTRERFAHY,
it is signifj cant Lo extract a est?ro-tprhiase- %quéjence vol t age. ZOEor
exanpl e, paVent docURent? 3 A& oW s B §4% ?ﬁs %e\éf)ﬁ ratt€ o % @
nmet hod fsor ggnpensaging, f ok %fﬁg%a%%@%%vol tage drop by the

se co

control according to this three-p é_rter. The
i nstant aneous volggge v ep fi@xﬁlF{?é\ﬁéthHl asigeserhbed 25 kbriteoRatald

docunent 3 is provided with a |1 ne phase vol tage conversi on neans.

The |ine phaieew! hRAS € FWHI SRV EBBT GHWER! Snadipereydéagehe PFC
signal being detected by a line voltage detection neans into a phase
vol t age conVBpsican Bagrhaly Qodrgeneiands alizeie- peasessequence derive
vol tage signal and a phase voltage signal fromthis phase voltage
conver si on §hgndibrege Rhagephuseavdnegd eddepsivonl rges deedats 5
peak val ues of the phase vol ta%e conversion signals (yr', vs', vt'),
cal cul dles ¥BEFFIRURBACEL kPN -kYRIMY qLS pay Dutt RésBhafee" pElkeach

L2155, 200, RIS S5 LEES, RITELPEOUBISG WL 9B L0000 48 L
\F/);% egﬁsggcﬁﬁg;?%fc‘?g%fasii% 1?2%45.&@6’5 é(zt OSB% %301?9%‘%%60@' :Fﬂlt%t Qfdariables
. pane nexam ne at en prircation
Publ i cati ong No.+ 120030474699 o( & r & P 89'aRN EROI& § -axis), ana
thereafter, these signals are separated into a
15 positive-~phase-sequence voltage, negative-phase-
sequence voltage, and zero-phase-sequence voltage, so
as to be used as feedback signals which are required
for the control.
The non-patent documents 3 to 5 are known as
20 disclosing the voltage-sag compensation by the
three-phase PWM converter control, by way of example.
However, the three-phase PWM converter control
described in these documents assumes that the
three-phase unbalanced voltages being wye-connection
25 which are 1202 out of phase with each other are given
or measurable input phase voltages.

On the other hand, a general three-phase power

distribution system employs the delta connection. A



15Pat ent docunent 2 : Japanese Unexam ned Patent Application

Publ i cati on No. 2004-222447 Pat ent docunent 3 : Japanese Unexam ned
Pat ent Application Publication No. 2008-141887 (paragraph [0043],
from[0055] to [0059]) 20Non-patent document 1 : SEM " SEM

F47- 0200 Specification for Sem conductor Processing Equi pnent Vol tage
Sag | muni tyd ltepge83hat 864N ilssurd asuSept eénbea, dedbBa ~aD nhecftireh
edition, and issued in February, 2000 (SEM 1999, 2000) (SEM 251999,
2001) Non- pEh&ste dpbawentv @l tagem amiM tFis- 6746 iSpeceiteste drefyeen
Sem conduct or Processing Equi pmrent Vol tage Sa | muni ty", . 1- 12,

i ssued in SepCEnRt, tGot CRTIMRLFI Ot BRPL T Tand WpBP Bo be

2% 10, e AO00:LSO 1950, 2000 MR- DR BORMIERL 2 e

Lot ont eokgAe SHELaREe A pp R 7 G e S09G 11
Consequently, in order to compensate for the three-
phase unbalanced voltages in the delta-connection
three-phase power distribution, by the three-phase PWM
converter control conventionally suggested, it is

100 necessary to derive wye-connection three-phase
unbalanced phase voltages which are 1202 out of phase
with each other, £from the line voltages being measured.
When the voitage sag compensation is controlled by the
three-phase PWM converter, it is necessary to convert

15 delta~type voltages of the three-phase unbalanced
voltages being received, into wye-type voltages, so
as to obtain contrel parameiters. In particular, it
is significant to extract a zero-phase-seguence
voltage.

20 For example, patent document 3 is known as
disclosing an apparatus or a method for compensating
for the instantaneous voltage drep by the control
according to this three-phase PWM converter. The
instantaneous voltage drop compensator as described

25 in the patent document 3 is provided with a line phase
voltage conversion means. The line phase voltage
conversion means converts a line voliage signal being

detected by a 1ine voltage detection means into a phase

10



Non- pat ent document 4 :H S. Kim H S. Mk, G H 10 Choe, D. S.
Hyun, S. Y. Choe, "Design of Current Controller for 3-phase PWM
Converter with Unbal anced | nput Vol tage", Power El ectronics

Speci al i st Conference, PESC 98, pp. 503 - 509 (1988-8) Non-patent
docunent 5 : S. C. Ahn, D. S. Hyun, "New 15 Control Schene of

Thr ee- PhaseVPWH ot > Cysvet i en SV gheut . Phed @ eangle thet ectiearo tnbese -
t he Unbal anced | nput Voltage Conditions”, |EEE Transaction on Power

el ectroni csSegpes36 VoSE2qOF0N DR LARREr @i ES VRE TRy et L asd@dné/on
3, the Iineﬁghase 0 voltagi conversi on neans converts the |ing

vol t age si ghif$ RFAGSealar&d e i FPd Phage Wbl $ a8 &bnver si on

signal's, and genepatesa zeso;phass; seguencs voLtage, 31 gnal, and. phase,
vol t age signal s based™on phase Vo ge conversion signal's.

Accor di Rol Ypehli 1192 2P ROSSEDLG d O FQRLS q}oﬁ.tg%gt@rSShR}@fﬁin%\éMsignals

converter based on the three-phase unbal anc vol t ages

vol tages) ofvihe ggnerab, three-Phase AW cdicst £ i BUtd PPsSkIt emk2anding
t he t hree-phase unbal ance conpensation can be perfornmed.

However, thks base phaselvokkagh rcosvies skonalreds , dehdcye ek teal uese
of the phase voltage conversion signals obtained by converting the

| i ne vol t agesrcaiwh & sgenes aues ¢ devaartagpdas e gaauenge( voktiage. 'si+gnad -
and the phase voltage signals according to the coefficients

cal cul at ed based d3these Ehrdetpeakwlvabeesvo Fherssf oségnal or dem:.t ovs,
generate the zerophase-sequence voltage signal and the phase voltage
10 si gidl s,Vrf P?%@e?@aﬁf/h?ocl%’éﬁtlcr%g?i Aot t hE 24 mendolthgheing
nore t han onge.. . sP, 83 to obtain the coefficients being optinum and
there is a p%SScILbI?IF)?'t hat a | onger tinme may be taken to generate

the signals. ﬂ’ct:ltléqpl.al 88%88@ q9es 9@&:3%"3§% atf'rglaggnp{néae Patent
Application Publication No. 2003-274559 (FIG. 1,
paragraph [0018])
15 Patent document 2 : Japanese Unexamined Patent
Application Publication No. 2004-222447
Patent document 3 : Japanese Unexamined Patent
Application Publication No. 2008-141887 (paragraph
[0043], from [0055] to [0059])
20 Non~-patent document 1
SEMI " SEMI ¥47-0200 Specification for Semiconductor
Processing Equipment Voltage Sag Immunity”, pp. 859
- 864, issued in September, 1999, as the first edition,
and issued in February, 2000 (SEMI 1999, 2000) (SEMIT
25 1899, 2001)
Non-patent document 2
SEMI "SEMI F47-0706 Specification for

Semiconductor Processing Equipment Voltage Sag

11



15 wye- phase vol tages are given, the |line voltages being unbal anced
can be determined fromthose we-phase voltages according to a

st andardi zed manner. On the ot her hand, even though the unbal anced

vol tages and the phase angles of the |line voltages are known, the 20
wye- phase vol tages cannot be determ ned according to a standardi zed
manner fromPREdELt¥Re MWt ades.1 Thi § SsupbcamseS apited ence 109 it @fs
t he wye-phase voltages cannot be specified, and there is infinite

nunber of cbhfi FatT ohs e Wyelphadtd vaPPaFEEe Aatond @ heSsafd obn May,
unbal anced t.ag d e . In order to control the

t hr ee-phaseyﬁ’m cgiggﬁt efr)ggﬁt iaé;@hgiessary to have a relationship of
120Q out of e n -phgse vol t gge erefore,
specific weﬁﬁgsﬁ%%gtgeig%ﬁ%ﬁlgrg 120 'o%t' §?a%ﬂasg§w F(H e%%
other hgve t@oh& S&leeiedyfbaid e ViLta JUIPRU UokPBRINALT 8RS Pf

wye- phase vol tages. Wen these specific we-phase voltages which are

120Q out 5 Dhsphastaweduearh g her raywe selFreEd@®Black ", Power
posi ti vephase-sequence vol tage becones in phase with a particul ar

phase (a-phasertofohhe Wpes phase vbol Cagefes randes, KEBSANPONe®@Pas5a83 -
control target can be extracted according to the subsequent dg- axis
conversi on pP8cesk? 210 STherefore, it is convenient for the control of

the three-phase PWM converter. In addition, a phase angle of the
negati ve- phasiéeBeRehea tvsleagBeand 4 pHase anfid.ofithé- Mok, G. H.
zero-paése-ie uence vqoltage with_ respect. to the )

posi ti v&- phaB&Sseqlienfe VoY Blge, 5t ndiccatBOfhe 18eSHHP aRfl LYRTERE
direction o i.te each ot her, th ore enabling th

zer o- phase-@ggﬁertn%lei\%gl tage %Bpg‘gsa%%ﬁxedd.ﬁonverte rWéﬁPi gragianesd

order 1o ObEARR [eBNLNE;LE e $iAl L0 o LBE S BNAGF webtagee uhi oh

are 120Q out 20 of ase wth eac I'S necessary to detect

the unbal anged rdé fc@f, VIPkkagesg angf Ursbher 1 osgel ect9ke gye- phase
vol tages which are 120Q out of phase with each other, fromthe |ine

vol t ages bei ngoneasut et Hedenend 5t: ngy Cakehm | onges .prooessi NPew
tinme. By 25 way of exanple, when the unbal anced state of voltages is
det ect é8 i ICahtterht Bedrauer erft ,Tht eies- Miraess a8# WMt & QroDCt @Yo vok rdger
fluctuations during at least 1/2 cycle.
Without Phase Angle Detection Under the Unbalanced
Input Voltage Conditions”, TEEE Transaction on Power
electronics, pp. 616 -~ 622 (2009-9)
According to the patent document 3, the line phase
20 voltage conversion means converts the ling voltage
signals being measured, into phase voltage conversion
signals, and generates a zero-phase-sequence voltage
signal and phase voltage signals based on the phase
voltage conversion signals. Accordingly, it is
25 possible to control the three-phase PWM converter
based on the three-~phase unbalanced voltages (line

voltages) of the general three-phase power

distribution system, and the three-phase unbalance

12



In order to quickly conpensate for the voltage unbal ance by
controlling the three-phase PWM converter, it is requested to reduce
the tinme required for detecting the unbal ance in voltages and
generating a 5 control signal, and thus it is necessary to derive

i nst ant aneous wye- phase voltages frominstantaneous |line voltages. It
is to be notedigremsatthiain t ban risé apteantoumed ne vol tages are |ine

vol tages neasured at a certain point of time, and the instantaneous

10 wye-phase vol tRguevae., vahiesl bhet bbalse odot adges odord yed olpanedn s
on the actual neasured values of the |ine voltages being obtained at
this point BEHETES PRe FRdyhasefviiiRsPEGFTRsPOdd dHe- CRBRRIRUR
one point for neasuri the l.ine voltages, and this. neans that 15 the
wye- phase v%f"tgé‘gag‘gsc%ﬂ%ﬁe”b%fiagﬁeﬂoﬂvo Vamfed HeastiPed Vet pges . and
measuring poi.nt Mg, W t requirin sur lLues

mul tipl g pogﬁ?‘sﬁroétgsn%hlen %?ggr pthog%(ﬁi &%gg?ﬁcrﬁ ﬁ'g %%g 5 n%%%%&e and
caused by tRgdl N5t 20AnAOUS Yl 129600 Qeddeaiaa ehdengl It is
necessary to i mredi ately genérate the zerophase-sequence voltage

signal and ¢be finpse el ¢ age 1d@Nake b ek Al eoheaUid€d filiree peak
controlling the three-phase PW converter, in response to the

fluctuati onvafLude. unbhalcansed ret at enoforidert eegphasea €6 HH® zero-
voltages in the three-phase power distribution system In the line
phase vol t agbasenveeduean aeavy desgei bedgnbdveanilt tihe expecteedvohdtage
actual neasurenent of the line voltages is repeated nore than once
in ordéf toSadfethfe LhelfenRPphESESEduURNEEPER | djeasighb dJakbet Bdne
phase voltage_signals. Therefore, there is a ossibilitg that the

response to’ PHEFIES AT BNSHAP t RB AFnbaP &n 5PatP bR ihet Be

three-phase Ling yol tages bne?ﬁ/ngeo!pril_sll’rlglfuln?l 80% there is a possibility

that a longer time may be taken to generate the signals.
If unbalanced voltages and phase angles of the
15 wye-phase voltages are given, the line voltages being
unbalanced can be determined from those wye-phase
voltages according to a standardized manner. On the
other hand, even though the unbalanced voltages and
the phase angles of the line voltages are known, the
20 wye-phase voltages cannot be determined according to
a standardized manner from these line voltages. This
is because a reference point of the wye-phase voltages
cannot be specified, and there is infinite number of
combinations of wye-phase voltages having the same
25 unbalanced voltages and phase angles.
In order to control the three-phase PWM converter,
it is necessary to have a relationship of 1202 out of

phase between the wye-phase wvoltages. Therefore,

13



As a response to the instantaneous voltage drop, the specification
for voltage sag imunity SEM F47-0200 is known, for instance. The
specification for voltage sag imunity SEM F47-0200 defines a range
10 in a wide band (a range of input voltage reduction fromO0%to

10099 to be controlled by the voltage sag conpensation. In this

vol t age sagspPevunf Ly wpecidlizaeionltiages wiet chedrehat thewobtfagbase
reduction rate within 0.2 seconds fromthe occurrence 15 of voltage
sag i s down"i&BEgchnathiee JorY8géor BRuce bacter® F¥om Ghe sacbhagd te
to 0.5 seconds_.is down to 7Q0% and the Like. If the response to
the inst ant AHERRT vBift £ROBAGAFLoPFs A ¥ i WWERPREFS ValEATFt (Yhen
satisfy this, 20 specifi. ion_vol t.age sag J nity., .

Convent i onaflflf?,sef heP POl q%ltmf n‘&yfé%gaﬁev%afs%tesoévethl%loﬁ{e j1302 out
using the threqphase nbal gacad yehlages ol dipeaAliaes Arsiha .-
i nput vol tage, "I nst antaneous wye- phase volt ages are defive romthe

25 instant apgakse l sBquet £809% 1 H8kee E8Rd D! L kNG H A8t Rre€n PRase
PWM converter and conpensating for the unbal anced vol tages. An object

of the presgat tiwenkirophss &0 &0\t s & heo EoBueniriyeNah hpcebhelbt agee ,
to derive instantaneous val ues of wye-phase voltages of the

wye- connectand ahbChcamgdiP®@toat afcphdse Witdrgadhcaiihdére efrtonathed
i nst ant aneous val ues of the line voltages, in order 5 to conpensate
for the unbafF&eseding fageect ubhedil pRis@IACGX THAORY engieon process.
i nst ant aneous e\%/e(ra]_éghase vol tages are derived fromthe instantaneous

line vdPt agk® E6y coht 181 1I5PBVEREL ¢ RtedPhasd P RraSFREt oE tidre

conpensat e Eﬁgréeh—epﬂgbs% %W%o\/r?xlré% %Sr'. In addition, a phase angle

of the negative-phase-sequence voltage and a phase
angle of the zero-phase-sequence voltage with respect
to the positive-phase-seguence voltage, indicate the
i5 same angle in the direction opposite to each other,
therefore enabling the zero-phase-seguence voltage to

be derived.
Conventionally, in order to obtain from the line
voltages, the wye-~phase voltages which are 1202 out
20 of phase with each other, it is necessary to detect
the unbalanced state of voltages and further to select
the wye-phase voltages which are 1202 out of phase with
each other, from the line wvoltages being measured.
Therefore, it may take a longer processing time. By
256 way of example, when the unbalanced state of voltages
is detected in alternating current, it is necessary
to monitor voltage fluctuations during at least 1/2

cycle.

14



10More specifically, an object of the present invention is to derive
a positive-phase-sequence voltage, a negative-phase-sequence voltage,
and a zero-phase-sequence voltage, which are three-phase unbal anced
vol t ages of wye-connection being 120Q out 15 of phase with each ot her
at the time of actual neasurenent, from actual neasured val ues of the
line vol tages, atI®Bn€TdtHalt omeHsLFEABNtCPBPAN S BERNE Ahethier ceo pliage
unbal anced vol tages whjch are generated in delta connection. That is,

t he obj ect 'llgbtaol‘?”HEeZBYt‘Fl?EE'rpﬂﬁa%énﬁnBQI%ﬁ@&f%oPpéﬁe% P4{M converter,
t whi ch 202 t h oth
artual moashied ¥ ;’?ué@regﬁ i O&%ﬁ%g& S8 g TOHUREET AR -
int, th
poin er(?or tctﬁﬁl ancelgﬁil& pggﬁ%fm%%eéﬂgrﬂte%eratlng a

conpensat e ta

i nst ant %neoe@n\tawfs 91‘ hhne \éq{&a%%@rﬁtvqyeﬁe%feé@&rkﬂ N vVakLa0es
actually nmeasured at a certaln point of time, and the I nStantaneous

val ues of we-tEesaned i 808F calEh ¥aleuaso Dt aldtes W eohasgsteld 8888 ous
bei ng derived based on the actual neasured values of the |ine

vol t ages. 5l Sonmmwylafagde. | nignti®nto be hloe ¢pd ehente | hlertt i bhei s
directed to using line voltages actually neasured at a certain point
of tinme, wiihekantiang des dalnevesltanss ame Ussn ot al ted as med siypleal

nmeasuring points, to derive the wye-phase 10 voltages obtained at the
nmeasuri ng p%Fma d?refitﬁemaﬁelébmt?& IGHEea A EelPfaskl PRATTHADEOET

b th h b d d, t t

o un artEE VO ABoso HF GUSP | SR SERLHAR (81 A0t £6 SybPHiAaes
15 unbal tQ. t

nventi on. GRE preEan SPRER: Fbs Fetl reﬂ‘%@%“‘?f%?ev%%ﬁsé%nsgt £oe dine

the unbal anggg ¢ %}éegeéﬁ\/ U5 B 1t |4 Bee Hald 340y 2t %hg IR M NBhese

a, b and C, e case ere ree- p ase ance tages
ela, elb. Wye-phase values correspond one-to-one with one point

for measuring the line voltages, and this means that
15 the wye-phase voltages can be obtained from values
measured at one measuring point of time, without
requiring measured values at multiple points.
In order to quickly eliminate an influence caused
by the instantaneous voltage drop on the load side,
20 it is necessary to immediately generate the zero-
rphase-sequence voltage signal and the phase voltage
signals which are reguired for controlling the
three~phase PWM converter, in response to the
fluctuation of the unbalanced state of the three-phase
25 line voltages in the three-phase power distribution
system. In the line phase voltage conversion means
described above, it is expected that actual

measurement of the line voltages is repeated more than

15



20 and elc are not given or not directly neasurable, and it is
further directed to obtaining instantaneous val ues of the we-phase
vol t ages of wye-connection which are 120Q out of phase with each
other, by using the line voltages actually neasured at one point of

25 tinme, thereby perform ng the unbal ance conpensati on. In
FIG 17, incassociatidmiart o heenespeei tde ez airval Bhaseb,sandence
t he three phase AC power source_ 100B side is illustrated as an

equi val ent ¥PAER9e S podr &nGgtha Meegevd?a§ede, signahd -et, a
transm ssio ance 2 and equi val ent edances Zz12, 723, and
731 in the @r}&"ﬁp D T60) e gS Chnpens bHAY LY ol tetoukien 19 Eh o e
it i assumed that ,4ne yphalgnced stafe of,thi gty gesphase 4G iye
power source 1 i S caused by unbalanC|ng HFactord agalnst

bal anceq VoL L2Q65. fha i, 120¢ & o1 IRYEL %%fyor the’H’%i‘@& é/fi?'tt age

conpensator 400 is capable of conpensating ee- phase

unbal anced vol t ages d0r&B@&Ind et 60hdikt Lok £ 83k ald@o lilRr 9%1pt@§8 drop,
unbal anced voltages ela, els, and el, are given or neasurab

However , |fthbes;apebﬁﬁ&@élai@runbah:aﬂﬁejdta@iet ages edramuﬁlﬂuy amdr:el :
are unknown or unnmeasur abl e, the unbal anced vol t age conpensati on
cannot be pBAflort@d0 ISAskmgaimst £phlre osntamdonal Thay ¢ pekdnill eathen
unbal anced state as descri bed above, the three-phase AC power source
100A as shofATi HoRit@ge $aS ABENAEY &R ROl t 8§80 At ipls, aandnge
el,, each with the _phase angle of 2p/3, and it is possible to assune
that 230 hosB %ﬁ%ﬁﬁ&n@é&fbdﬁt&6€§Q?Hﬂ§eenPHé Wﬁ&ﬁ%@&evﬁﬁﬁﬁﬂeglé§bfr°m

the i nduced® Jolbgb0 0dih £ 8. Be ShlRs b LLR DY Eited” a4 ST ages
generated féBH%ﬁﬂ?saQ 1&6; Phasg unbalangs gpi%g q?%goﬁher ﬁ%&ggand

,in the ree- phase AC power sourc t hese
Induced V0|§§Q%&§ﬁ8a&%@§SUE&d 25 TR DY 1195 taGGHE SLliamm gk the

unbal anced voltages ela, els, and el,, when those unbal anced Vol t ages
cannot be diedeidiyion rate within 0.2 seconds from the occurrence
15 of voltage sag is down to 50%, and the voltage reduction
rate from 0.2 seconds to 0.5 seconds is down to 70%,

and the 1like.

If the response to the instantaneous voltage drop
is insufficient, it is difficult to satisfy this

20 specification voltage sag immunity.

Conventionally, the following technique has not
been known; i.e., using the three-phase unbalanced
voltages of line voltages as the input veoltage,
instantaneous wye-phase voltages are derived from the

25 instantaneous line voltages, thereby controlling the
three-phase PWM converter and compensating for the

unbalanced voltages.

An object of the present invention is to solve
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obt ai ned. According to the aforenenti oned overview for

handl i ng the unbal anced state of the present invention, even when the
t hr ee- phase unbal anced voltages eta, ell), 5 and el, are not given or
unnmeasurable, it is possible to obtain the three-phase unbal anced
voltages eta, elb, and el, by using the induced voltages eab, ebc,

and eca, thehebgooompehdsamaly fmrbilemsunkal @ricedewnl vagess tidereantla s
i nduced vol tages eab, ebc, and eca correspond 10 to the line voltages
of the ternYadlue g, of wne-@haeep¥e@livapgs of theTheypresempection
invention is directed to a technigue for deriving fromthe

i nst ant aneot® LW (5ot 207t 94 heCTaPhésS e HétdneARBUR TS TiesEBPM the

- ph I f 15 - ti whi ch 120 t of ph
W th each oL RETE T hARERPEoRATHT Frg s HEEhigds bhisd UUF Sonvil | OF 4eF
Cmﬁmns%uaEQVé&ﬁ%gﬁ@%f@cﬁgﬁ“%ﬂégﬁﬁbéfgﬂ%@ﬁ‘bBngﬁggs%ﬁw@ﬁ%ee_
t he three-phase unbal anced input volt'ages are not given~ or

unmeasur abl gy aide 1 £c20 RASSE LG o per i M bha M@@h@%@?ewﬂﬂé‘gg
conpensat i on. The present’ invention focuses attention on that

i nput vol t ages. day asgeites ab etireedprasempenwey dhsidibtshen systemare
based on the delta-type 25 connection (line voltages) instead of

wye-type covinédid gas(withphady vobhagss) 1 inandthy ubyeet-iplgas be HWMe
voltages to the vector operation, instantaneous val ues of the

wye- phase vePRagest @i ¢le rampeog aue fofr e eunbill aach dotviek tagé s .
the zero-phase-sequence voltage are derived. In order to control the
three- gRase convef?Ee, sRepdffetaddsry 2B @&risett v wykphazeesent

vol t ages angd the_gero-phasg-se uence voltage.. .
invenction 1s O rive a po 1t1ve~phase-sequence

voltage, a negative-phase-sequence voltage, and a
zero-phase-sequence voltage, which are three-phase
unbalanced voltages of wye-~connection being 1202 out
15 of phase with each other at the time of actual
measurement, from actual measured values of the line
voltages, at one actual measurement point, being the
three-phase unbalanced voltages which are generated
in delta connection. That is, the object is to the
20 three-phase unbalanced voltages of wye-connection
which are 1202 out of phase with each other, fromactual
measured values of the line voltages at one actual
measurement point, thereby controlling the three-
phase PWM converter to compensate for the unbalanced
25 voltages.
Here, the instantaneous values of line voltages
are values of the line voltages actually measured at

a certain point of time, and the instantaneous values

17



5 1n the present invention, the we-phase voltages obtai ned by the
vector operation is subjected to the dg-axis conversion process, and
a DC conponent of the positive-phase-sequence is extracted to be used
as a feedback signal to control the three-phase converter. 10The
present invention is intended for the |ine voltages of three-phase
unbal ance ifafawemepalagdr ve-lphagespaiee disstuebutiontbpstwing - phdise
according to a nmethod for converting the line voltages into the

wye- phase vBPEdqSe By hifsi A ﬁlebreh‘t’?gi PaeedoronstBgeragtval measured
i nst ant aneous _val ues of the_three-phase unbal anced vol t ages of

wye- phase vBPE&RS ffi i ar d iR 8t @FSFhase with each ot her and

t he zero-phasesequence voltage are derived fromthe instantaneous

val ues of three-phase unbal anced voltages being the 20 |ine voltages.

The presentg]j j,on d d 1.0g enbodi nents; an unbal anced
$eNt s b RYENE, OB ¢ Thi&hkqyd
% nﬁog, an g]

vol t age conpensation mnet unbal anced vol t age conpensator, a

nmethod for controphing Ady €8tPhaSE £ORVAI L5, aaretsal key Z2ifh 1ine
t hr ee- phase converter, and a program for conpensating for unbal anced

vol tages. Aaylafagde gohadi TEHtGecabavee ar&tcan@entya pf qvo dae vict fime,
technical elenments; the centroid vector operation, symetrica
conponent culi¢cicattonsiang secbialahcee amhtegeconpelsssonbtained at
The first enbodi ment of the present invention relates to the

unbal anced RM8Hitagel eoMFens uriigrd neriadt s 5 il épadive cahley, wye-phase
relates to a nethod for conpensating for the unbalance in the.

t hr ee- pilaseVB& G3paf 9BtabRed At é%pﬁ)v%?aé&ﬁﬂe‘ﬂgi BR RN} <ht stibjiéct $1nd

'\[/glet ;gre-ee- pgg%.%rA&Xg.lr;[gag‘aestltﬁ%eteh-ep weCWﬁrgio%r{rearr']ge%mbpymussnt_)gg the
wye-phase voltages being derived, so as to compensate
for unbalanced voltages.

FIG. 1 is a schematic diagram to explain the
15 unbalanced wvoltage compensation according to the
pPresent invention. The present invention is directed
to the compensation of the unbalanced voltages by using
the line voltages at the terminals a, b, and ¢, in the
case where the three~phase unbalanced voltages €12, €1b.
20 and e;. are not given or not directly measurable, and
it is further directed to obtaining instantaneous
values of the wye-phase voltages of wye-connection
which are 1202 out of phase with each other, by using
the line voltages actually measured at one point of
25 time, thereby performing the unbalance compensation,.
In FIG. 17, in association with the respective

terminals a, b, and ¢, the three-phase AC power source

100B side is illustrated as an equivalent circuit
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10The unbal anced vol tage conpensati on nmet hod according to the present
invention includes, in the power conversion for subjecting the

t hr ee- phase AC voltages to the PWM conversion and outputting the DC
voltage, a centroid vector operation step for 15 obtaining fromline
vol t ages, wye-phase voltages which are 1209 out of phase with each

ot her, a sywRstanRaraddnpanbstl zated aredbhagep for cal.curndiwg. a
symmetrical conponent voltages of a three-phase bal anced system from
t he wye- pha&afoiPA§Es Ahat MRLE PDCEbLai- nEd by TRé VEeke R dMRREBRCES

ti , d bal d | t t] t f
Formng a compencats of "l gha Tor tUTDBREAS nBLl 3 LhBSACnCRd
| t f - pk | eGt he_ th -
AC vl t agesCP8 s LRI bR or A oRLPY DA N ar o Kor® A SR hart

outputtisng tHe Rn¥ahlalfeq sta%énotﬂ"etﬁi'ét rtoﬂﬁe\ée—‘ih%s%p%{@hgg%ea%

step of the present invention, the vector operation’ s perfor

to all conbspatidds1obet W lda8sed tgesnpalidnaia et £61edd ragutihe ¢
t hree- phase |ine voltages. According to this vector operation,

centroi d vether ol 4ngesi arel dhicgpd sled, Whiech an€ digsectedetr@fidiee’ the
respective termnal voltages fromthe term nal -voltage centroid of
delta vol t agedabeingetther ¢ htegrgphasade meavalist aged. hepapdieleectir
vol t ages being obtained are respectively rendered as the wye-phase
vol t ages Wh®ERPHARS 2230 DU 0 5f thisadd N eh PdueheotR@alapcpsk voltages
inventors of the present invention have found_ the followi ng; in a

tri angl@ whoB&&krtPEeS IR MR t BPRThFRGolttges -8l 328 pEagpanced

phases in the.three-phase AC voltages, when centroid vectors ar

t
Obt ai ned as” b3 WEHIRE| iFe v edgd VR EEE Bartheltiiig: 96 15 R HARD 1S
accor ding 15, 8Nt 1 Pi YS! 85,,0DEL 34106 L £Pa0lad DEPL B W ges o1,

i nventi on, tﬁe centrol t hese cent ectors agrees wt

reference p@}p,t A a e Z8E0RARTRPEBERGENEABRANED T eOf t8AC Y aiBBcea
wye- phase voltages which are 120Q out of phase wth each other.
voltage compensation cannot be performed.
15 As against the conventional way to handle the
unbalanced state as described above, the three-phase
AC power source 100A as shown in FIG. 1 includes
unbalanced voltages e;a, e1p,., and e;., each with the
phase angle of 2p/3, and it is possible to assume that
20 those unbalanced voltages induce the induced voltages
€ap, €pe. and eg,, respectively on the terminals a, b,
and ¢. Accordingly, the induced voltages ean, ene, and
€sa Ccan be treated as vecltages generated f£from the
three-phase unbalanced voltages e1,, €1n. and e in the
25 three-phase AC power source 100A. In other words,
these induced voltages can be assumed as making up for

acguisition of the unbalanced voltages ei1., e:p, and

e1., when those unbalanced voltages cannot be directly
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20The centroid vector voltages obtained fromthe |ine voltages

i ncl ude a positive-phase-sequence conponent and a

negati ve- phase- sequence conponent of the symetrical conponent
vol t ages though they do not include the zero-phase-sequence
conponent. 25 Therefore, according to the relationship in which the
centroi d of obkeiceadr.oi d vectors agrees with the reference point of
the zero-phase-sequence_conponent, it is possible to treat the
centroid vector \DFFEFEELNEs thet pe-Fhasemedt t 4gae hhPEle B e V200 T

out of phasge wiih each other according . to the_dg-axis conversion . .
process. | ntff Js&ﬂﬁe???cﬁpb@g]rﬁ’&ﬁ&ﬁ gcf'é}t:%l%\#i e REHS ed eddhV HP L -

wye- phase vol t obt.ained in the centroid vector. o tion step is
subj ect ed t%bfﬁlg%fﬁqurgxfi 8° c%rlﬁ“mlgresipgthésga]‘l&ﬂaa 2Ly %yg)%gaggﬁ dga’ Siv-

signal and ghaxie%cvg&t@%éigwan SYP] fxﬁﬁ%é@ﬁr‘%ﬁ(és el &@g&ggaﬁle

and the g-axis vol'tage signal belng calcul ate o' frequen

separ ation, t8bbBitRsi @ H0si th¥8ePiRsgsRAUANE ¥AkleRD JT 0GR 1., e1b.
conponent, and cal cul ates a negati ve-phase-sequence voltage from an

AC conponenandSencebihe svyey ptiasei ndicagesvobtaiged ep, | he, 15 and eca,
centroid vector operation step do not include the zero-phase-sequence
conponent, therzhp- ghasesegudncegyddmagbhies wabeallateddbywaksiages .
anplitude cal culated fromthe negative-phase-sequence voltage and a
phase cal culgté€d filyen REUsEEE 1V 9digiaae-©20. soguedded v S 2@ 8 Pofed
negat i ve- phase-sequence voltage, in order to calculate the

zer o- pHdse- §8qddteeldd & afe LitP IBE SfmeRei B TRARGN it Pon Bt epnd c.

respectively.

The present inventicon is directed to a technigque
for deriving from the instantaneous values of the line
values, instantaneous values of wye-phase voltages of

160 wye-connection which are 1202 cut of phase with each
other, thereby contrelling the three-phase PWM
converter to compensate for the unbalanced voltages,
and even in the case where the three-phase unbalanced
input voltages are not given or unmeasurable, it is

20 possible to perform the unbalanced voltage
compensation.

The present invention focuses attention on that
input voltages in a general three-phase power
distribution system are based on the delta-type

25 connection {(line voltages) instead of wye-type
connection (wye~phase voltages), and by subjecting the
line voltages to the vector operation, instantaneous

values of the wye-phase voltages which are 1202 out

20



The unbal anced vol t age conpensati on step generates a conpensation
signal for conpensating for 25 the unbal anced vol tages of the

t hree- phase |ine voltages based on the zero-phase-sequence voltage of
the symretrical conmponent voltages which are obtained in the

symmetri cal conponent cal cul ation step, obtains wye-phase voltages
based on thefspinrest ei walt hcanpohentt hat t agds tdrel z drocqripeasatioguence
signal, the e-phase vol tages bei ng 120Q out of phase with each

ot her as toV%W@hérmﬁb%@ﬁhé’@di vol age¥ dmyetpesw tbrpénddtedtBree-
for, and subgects t he t hree-phase AC vol tages to the PWM conversi on

based on t hBEB&S6ht GPR¥FWyEIphask V6l FHRESSG genEPatde ¥ h¥ ScdntPolye -
signal for @ Eﬁggtj ngt%peegtgygitﬁge. Act ual . neasurenent val ues gf
the line vof ages 18-core esporll1 oh8St &5h2 RIS T hE ST PSP s‘f%ﬂ\ pge-
and one cont 0l 4Si i e : ed t a MeAs

val ues o5f t%fe1 Itlrﬁéégggjﬁéa%%g %‘@%ﬁgﬁﬁbt glﬁllnqaed‘bgfa %’ﬁ\ﬁleggrrgasur%grrgﬁt%rE

poi nt of tigB+ACEEHILRY tiPet P I EBEH) e WENbIOR s td€blRcted to the
conpensation signal and the control signal for performng the

unbal ance cagpeishsi 66nRybeioht airedebasehod 4 eCl Epapohéagesd the
the three-phase AC voltages, those |line voltages being val ues

neasur ed atposd pbvat dfasenrseJhenefories ¢heé meatadenentbatugéd as a
mul tiple points, conventionally performed, is not necessary to obtain
t he signal sfeedbackhgighcre tetCentgsskilglie threaohpse canverter.

preparing neasurenent data to formthe conpensation si%nal and the
controllY%i gnal fotRRePERFERS thRV o5 iRl dfcel RBAPEIRGL £6F HWhe Lline

thesesngna&glégbgg of three-phase unbalance in a general three-

phase power distribution system, and according to a
method for converting the line voltages into the
wye-phase voltages by using a centroid wvector

15 operation, instantaneous values of the three-phase
unbalanced voltages of wve-phase voltages which are
1209 out of phase with each other and the zero-phase-
sequence voltage are derived from the instantaneous
values of three-phase unbalanced voltages being the

20 line voltages.

The present invention includes following
embodiments; an unbalanced voltage compensation
method, an unbalanced voltage compensator, a method
for controlling three-phase converter, a contrcller

25 of three-phase converter, and a program for
compensating for unbalanced voltages. Any of the
embodiments above are commonly provided with technical

elements; the centroid vector operation, symmetrical
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generated fromthe neasurenent data only at one neasurenent point of
time. Seen in this light, it is possible to generate the conpensation
signal and control signal, which are instantaneous. The
second enbodi nent of the present invention relates to an unbal anced
vol t age conpensator, and nore particularly, it relates to a

conpensat or RGN §ndorpehasitlast fon .t hendnbdladsenae dh¥ alif@eephase
AC i nput voltages, in the power conversion by subjecting the

t hr ee- phaseCRBRANEEFECR 0 t he PWM conversion to output DC voltage.

I h ion, b o]} i, h - ph AC | [
|1 e pouer conugrs! o P SURLSEL IR L Pe 10 L eephaze A vol Lages,
vol tage commensALoL of e I EaTAl dINSIL 00 d UYL ARd M L fornoa,

centroid vector operatli on unl optal nin rom ne vol tages,

wye- phage VQhlgaaese Whih: 818 y1209+0ute OF + BRASE, Wit By JBrEaCe gLher, a

symretri cal conponent cal culation unit for calculating symretrical

conmponent vebhadessalt it d hf 6e- RiasaiBBkantedesyst @e f APl Ephase AC
wye- phase vol tages obtained in the centroid vector operation unit,

and an unbaiapeed woltagp: € onuansaty owie nictofwe r2Q SOr@whAgta subjects
conpensati on signal to conpensate for unbal anced voltages of the

t hr ee- phaset A€ tditegephand Zlbjedttiageshd o fitee-FibseoACambtiagesind
to the PWM conversion to generate a control signal for outputting the
DC vol t age. ORSRHEE 8eBG 6T A1 F&EDr operation unit of the present
inventi%n perforns the vector operation as to all conbinations of two

line vdit ages whi theardReLa&%ddf Vot RE S IFURPBRARE LPRe WoFPRGks.

Acm”dingtgc%mﬁhing to the present invention includes, in the
power conversion for subjecting the three-phase AC
voltages to the PWM conversion and outputting the DC
voltage, a centroid vector operation step for

15 obtaining from line voltages, wye-phase voltages which
are 1202 out of phase with each other, a symmetrical
component calculation step for calculating
symmetrical component voltages of a three-phase
balanced system, from the wye-phase voltages that are

20 obtained by the centroid vector operation step, and
an unbalanced voltage compensation step for forming
a compensation signal for compensating for unbalanced
voltages of three-phase AC voltages, and subjecting
the three-phase AC voltages to the PWM conversion to

256 generate a control signal for outputting the DC
voltage.

In the centroid vector operation step of the

present invention, the vector operation is performed
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vector operation, centroid vector voltages are obtained which are
directed to respective termnal voltages fromthe term nal -voltage
centroid of delta voltages being the three-phase |ine voltages. The 5
vect or voltages being obtained are respectively rendered as the

wye- phase vol tages which are 120Q out of phase with each other, and
then out putéedto all ddmbunbat anced odltwgeldorpensatagre sinvhieh tahe:
present invention generates and outputs a conpensation 10 signal for
conpensat i ngeflectaé dfibanatder Vbirteggephefsg ht deephagdtaQ@ el t ages
based on the zero-phasesequence voltage of the symetrical conponent
vol t ages WhiERCOFSLBE: &ihelRiif tHRCEPHRPREAT EORporfeht t&Q Il BeF&PT

unit, obtains e- phase vol tages based on.15 the symmetri_cal
conponent - vEPLAEEE Snd iheo bhHaRea: fON SR & (RF S befhase the

vol tagey, bepng 1200 QU 0L -AN3Pe) Wt €360 OLARE A 10 W, 6h, £0g
& f j the

unbal anced volttages have™ been conpensat é or,” and subj ect’s

thr ee- phasey 3G oy £ a0es {004l IMRGAET 9bAT $ASEd 201 0 it three-

obt ai ned wye- phase voltages to generate the control sign

outputting phedL vohbageltages . ThayaTet hieC e SOIPOGBAtages being
calculation unit of the present invention calculates a d-axis voltage

si gnal and abg-aaxhsdveldageesipghat ine Isybiealddwe aads ot hehaey@d-phase
wye- phase vol tages obtained in the centroid vector operation unit to

t he dg- axi svodrheegsbowh iszin) @ces 120 dbaki s fvplizage wighale vk dhber.
g-axi s voltage signal being calculated to frequency separation

obt ai ndf%a positiVeephagerskouened Ybet nge Sebh bnpendohpsdneave feagnd
cal cul ates a_negatjve- phase-sequence, vol tage from an AC _conponent,

then out put FRRgHHbE8 WA T aged fo HHbaBAdA MR8 & HTabd CCorpeRERt itdhe
e R A RO RR o LA PN A P Lo b TS -
phase AC voltages, when centroid vectors are obtained
as to each line voltage vector connecting two terminals
15 according to the centroid vector operation step of the
present invention, the centroid of these centroid
vectors agrees with a reference point of the zero-
phase-sequence component of each of the wye-phase
voltages which are 1202 out of phase with each cther.
20 The centroid vector voltages obtained from the
line woltages include a positive-phase-seqguence
component and a negative-phase-~sequence component of
the symmetrical component voltages though they do not
include the zero-phase-segquence component,
26 Therefore, according to the relationship in which the
centroid of the centroid vectors agrees with the
reference point of the zero-phase-sequence component,

it is possible to treat the centroid vector voltages
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vol t age, based on anplitude cal culated fromthe

negat i ve- phase- sequence voltage and a phase cal culated fromthe

posi tive-phase-sequence voltage 10 and the negati ve-phase-sequence

vol tage, and outputs the zero-phase-sequence voltage to the

unbal anced vol t age conpensation unit. The unbal anced vol t age
conpensat i oasuftinte ofy ¢ hphmreseno litrtavpdsi whigeneaneed 20k wont o6l phase
signal for the 15 actual measured values of the line voltages at one
measur ement Wadithte dFht igher accqedidi atondtherddraimi snganversion
unbal anced vol t age conpensati on of the present invention can be
applied to B*¥O6ifi¥8I" of the three-phase converter which 20 subjects
the three-phase Af%v%h}ages to  the P conversiogtto out

DC
vol t age. ThEP RSl SREB HeREadr S PBbGrEeRhe CAHEnERG 98 step.
directed t Oeac@B@ghfeo?y%ﬁ—y%leé 09 ltﬂ?%:jégrgﬁ?c%&ar?gdc ﬂvﬂ{é?en@l}%id

the fourth enbodi nent o resent 25 Tnvention is directed to a

control l er ¢&ctthert BiRE-PRASH CODES! it . sAURLBOL of OF o CRBlS Of 4L ARG £ e
t hr ee- phase converter according to the third enbodi nent of the

present i nveohivaershielndesalicu Babeecta ng -tdiee- phaseade ol §agas 4mwd
t he PWM conversion to output DC voltage, simlar to the unbal anced
vol t age conpedsdits omoidiangd acicprdilng swbfrefsr shenboedxient yod tage
centroid vector 5 operation step for obtaining fromline voltages,
wye- phase vBigages awmichhgr & -E200sovip 1dfa phraséomah ashdockekcuated
symretri cal conponent cal cul ation step for cal culating symetrica
Conponé% vbPt ayenfy separation, obtains a podsitive-phase-

sequence voltage from a DC component, and calculates
a negative-phase-sequence wvoltage from an AC
component.

Since the wye-phase voltages obtained in the

15 centroid wvector operation step do not include the
zero-phase-sequence component, the zero-phase-
sequence voltage is calculated by using amplitude
calculated from the negative-phase-sequence voltage
and a phase calculated from the positive-phase-

20 sequence voltage and the negative-phase-seguence
voltage, in order to calculate the zero-phase-sequence
voltage in the symmetrical calculation step.

The unbalanced voltage compensation step
generates a compensation signal for compensating for

25 the unbalanced voltages of the three-phase line
voltages based on the zero-phase-seguence voltage of
the symmetrical component voltages which are obtained

in the symmetrical component calculation step, obtains
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t hr ee- phase bal anced system from the wye-phase 10 vol t ages obt ai ned
in the centroid vector operation step, and an unbal anced vol t age
conpensation step for formng a conpensation signal to conpensate for
unbal anced voltages in the three-phase AC voltages and subjecting the
t hr ee- phase AC voltages to the PW 15 conversion to generate a

control sigwik -fRoraget patittiageshbapC doin dyee symmetpicihd campohgnt
vector operation step, the vector operation is perfornmed as to all
conbi nat i on¥°dft a9RS| AR vblEagey"RERER Bt ens A kgrad f rbAft Wye-phase

t hree- phase_20 .li ne voltages. .Accordin o this vectqr operation,
centroid veEPgF%‘f’?a &t 2P e Qgi RB& %cﬂhﬁseed?"flé: e9afy other as
respective rm. nal | t r t he t i nal -vol tage _centroid of
ol Lo vol t agoe haln, thi WHat bRRdd Yo BENAY Bt Wh R ChhY ulpgea

vol tageg 25£Bei NG, 0Pt 8otk G § E%%gﬁfﬂ%%%‘%ﬂ&@%%ﬁ? 69&%&%&@ to the

wye- phase vol tages which™are 120 phase wth eac er. The

unbal anced pat agen ¢emRENSAL bk SEEPn JERBKLR! E5h A aGHPENFALd Ophaisgnal
for conpensating for the unbal anced voltages of three-phase AC

vol t ages based tayg ¢ bet aeg enphasies Sageencr twal 1 agegnh 1t Fe rsymmitt edng
conmponent vol tages which are obtained in 5 the symmetrical conponent
cal cul ati ontBee@ C obbditrsgewe- phase vol t ages based on the symmetri cal
conponent vol tages and the conpensation signal, the wye-phase

vol t ages bei ng 120€¥XBal chepRasee ROt darhuGthe? T adhieo Whneh Mhktages
unbalagﬁed vol t ages have been conpensated 10 for, subjects the

t hr ee- phase® RERFT R 4§Ls OPE THR ™ PR ¥onRrish &P BRLESP bif Y HBadpt andkgne

nye; phase valhades ! 8 RNELRUS S ERILeL Al ARl RO puL R g0y

Com“msa“cmeégﬁ%gﬂgh%ﬂ§a§d%@t8?i%%e line voltages which are
obtained at one measurement point of time.

According to the present invention, the

15 compensation signal and the control signal for
performing the unbalance compensation may be ocbtained
based on the line voltages in the three-phase AC
voltages, those line voltages being values measured
at one point of time. Therefore, the measurement at

20 multiple points, conventionally performed, is not
necessary to obtain the signals.

Therefore, it is possible to save the time for
pPreparing measurement data to form the compensation
signal and the control signal for performing the

25 unbalance compensation, and these signals can be
generated from the measurement data only at one
measurement point of time. Seen in this light, it is

possible to generate the compensation signal and
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15 operation of the three-phase converter to subject the three-phase
AC vol tages to the PWM conversion and output the DC voltage. In
the symetrical conponent cal cul ation step, each of the wye-phase

vol tages obtained in the centroid 20 vector operation step is

subj ected to the dg-axis conversion to calculate a d-axis voltage
signal and gog-tax¢3 \scldmgé .sivgmakh tdweecadlrcut anécimeanss and g-axi s
vol tage signals are subjected to frequency separation, and a

posi ti ve- phase- sefhién&e Gontdaganb e dimept aiofedt it  oe PENEoriponenttion
and a negati \é%-éahasesequence voltage .is obtained froman AC

conponent. Felated tRARHRRELARS e oriBdrictie GPRBRMAST dRhOS-egRGmore
-ph - I N | at b d litude, .
ol cul atod PR TS LAGHRT Tvd pEasedfinte Vbl 0RO SiHR ) oghathi ch
| cul atzed itive- .
reuati viohacSRBANEREY, EYE RIS pRHEARS & LA U8 SN b8, phase AS

vol t ages COiﬁ?Jﬁf@'\ﬁélQ'&Qjé@: Opg ¥hihpldife £085hYe 1S4 983 bya%%‘[g?@(]ting

control signa generated based on the actual neasurenmént val ues of

the |ine vothagamhhéecthaBaSAERRYL tRYdE 06 thEE pWNece@dRidPkkem afo
t he three-phase converter 10 according to the fourth enbodi nent of

the presentourmpanti 0 ivncltdess.in controlling the three-phase
converter to subject three-phase AC voltages to the PWM conversion to
out put DC vol t agelnsithig¢ apowe It heomvsal ahoed vyl sadei eorparsatbe of
the second 15 enbodi nent, a centroid vector operation unit for

obt ai nil¥g fFBMas neh@R? dde¥ ol vfeesnhoect 6l PN ORYiehs 4pa tooenémut

f ph i t , mret rj cal t | cul ati it
For "cal cul a PRODGy A FRES1" S OHERE MUI CAed cOrt 4061 SBIRREE L7 oF
bal anced syphemy o the; wephase vol tgoes, obLal ned hn J e, cealy oj d
vector operatl OI‘P unit, an%l an unbal'anced”vol t'age corrpenséatl on un|°t

for form ngyaGUPedsaLhdy Sh gﬁ@ittfogo%%b;ﬁaﬁnhofrmﬁlia@&%ltages .
vol tages of the three-phase AC voltages, an
wye-phase voltages which are 1202 out of phase with
15 each other, a symmetrical component calculation unit
for calculating symmetrical component voltages of a
three-phase balanced system, from the wye-phase
voltages obtained in the centroid vector operation
unit, and an unbalanced voltage compensation unit for
20 forming a compensation signal to compensate for
unbalanced voltages of the three-phase AC voltages,
and subjecting the three-phase AC voltages to the PWM
conversion to generate a control signal for outputting
the DC wvoltage.
25 The centroid vector operation unit of the present
invention performs the vector operation as to all

combinations of two line voltages which are selected

from the three-phase line voltages. According to this
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25 subjecting the three-phase AC voltages to the PWM conversion to
generate a control signal for outputting the DC voltage. The centroid
vector operation unit of the present invention perforns the vector
operation as to all conbinations of two |ine voltages which are
selected fromthe three-phase |ine voltages. According to this vector
operation, ¥emtterdovesctatiesl t agestarelid otatowd whilthgare diceect ed
to respective termnal voltages fromthe termnnal-voltage centroid of
del ta vol t af§@S e tHelehr secphddeechedvdie agesPapEave heeyaging 1
vol t ages bei ng ,obtained are_respectively rendered as the wye-phase
Vol 1 ages whPEH GHEST28F ThthE bE HAReLatH AP RPREE A Phofielta
out put t ed. he ,unbal anced I.t age_conpensation _unit of the

pr esent inv‘efﬁtl“ltoangggnebreajflg %ﬁl oﬁ?‘ﬁuet%"gggz)gnn%egga%o‘ﬁogLitgar%?sfor The

conpensat i ngafqrot h@oqr@@gaec%yﬁgeacgﬁa%é&r E?’@%%&r%’%{éfeﬁgﬁs

based on the zero-phase- 15 sequen tage of the sy

conponent vekhaese Whheh tare PPé abhark & Ny bhe SyaBeihical £08P000 cut
cal culation unit, obtains we-phase voltages based on the synmetrical

conmponent VoIt agessandritie eergiensaticon, Sagrbl thiehe sy eppitased.

vol tages being 1202 20 out of phase with each other as to which the
unbal anced vol t agEsehawnd oban ceohpenddicerk foompsubs ettion henit of the
t hr ee- phase AC voltages to the PWM conversi on based on the obtained
wye- phase vBFesgRRttbnyendiee seeemators singauipu tcuEpepPMpRR ®Etion
vol tage, and the 25 control signal generated by the unbal anced

vol t age CconPéER + oh OdniTORBRITE E18 S\l RENILRS opRPAIBRCEM tFeltages

D e s SHPtEly LY ARS8 86 L2985 S IS
sequence voltage of the symmetrical component voltages
which are obtained in the symmetrical component
calculation unit, obtains wye-~phase voltages based on

15 the symmetrical component voltages and the
compensation signal, the wye-phase voltages being 1202
out of phase with each other as to which the unbalanced
voltages have been compensated for, and subjects the
three-phase AC voltages to the PWM conversion based

20 on the obtained wye-phase voltages to generate the
control signal for outputting the DC wvoltage.

The symmetrical component calculation unit of the
present invention calculates a d-axis voltage signal
and a g-axis voltage signal by subjecting each of the

26 wye-phase voltages obtained in the centroid vector
operation unit to the dg-axis conversion, subjects the
d-axis voltage signal and the g-~axis voltage signal

being calculated to freguency separation, obtains a
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The symmetrical conponent cal culation unit subjects each of the

wye- phase vol tages obtained in the centroid vector operation unit to
the dg-axis 5 conversion to calculate a d-axis voltage signal and a
g-axi s voltage signal, subjects the calculated d-axis and g-axis

vol tage signals to frequency separation, obtains a

posi ti ve- phaee-iseguengd ¥skt-ageg i comen B tagmrondmaadP& component,
negati ve- phase- 10 sequence voltage from an AC conponent, then
outputting BRE ¢@IkAGES LS BhB ewrbhl Hecah 2 6kt-RRIEEMIEN St 1 6 asifrom
The symmetrical conmponent cal culation unit cal cul ates the

zer o- phase- EBqﬁEnE‘Q Rghe, FAER cb‘ﬁt%‘ta"rﬁpmgt EBQS@aIV&JJrEF&?QT rgmthe

the negati ven%a ese%%gnce oI t age ase calcul ated fromthe

% Y9 fg%eaﬁa’mt%%nﬁ af‘t?%eBﬁ’ai’s *sequence

I
posi ti ve- pha§&-%eyti&

voltage,s and out pphs Lhgnier s BIASESGANPAES /aLbane Le die bl apdsr

vol t age 20 conpensati oh uni measur enent ues of

line volt aggs eGIK SRR RREIP- ORE M 1A tEhe £0RERY - ﬁhﬁ%%wé&%éi{'@e
control signal is generated based on the actual neasurenent values of

the |ine volrbagesgat, Mwesel mEAsyneIRNtupel MaDEulid®ed fromARetder
aspect of the present invention is directed to an unbal anced vol t age
conpensat i onegreogt em- ples arisd queed a/ovbdgaa genpentat i phhge o©gr am of
the present invention is a programto allow a conmputer to execute
each of thecfdldbhnitgbtlepsm thwnpesidthgeantree-sirgecoamerodtage
and in controlling the three-phase converter for subjecting

t hr ee- fase? A8 F&ia db%gaﬁlt‘berﬁéqfimémﬁpénvt%l%ﬂﬁut WV%PFQQ@S
t he progran%inncl udes a.centroid vector o%ﬁr atio st%z%for i ni n%
fromline vbifadest Pl apRaSE VOPRLSesY Rt ?ar &°1 0% o™ ‘—F pRged

W th each O%Qﬁrt’aﬁ‘eslé'gﬁﬁgéh%%l ggp%r}lef£.cal cul ation step for

cal cul ati ng
The unbalanced voltage compensation unit of the

present invention generates one control signal for the
15 actual measured values of the line voltages at one
measurement point of time.

Technical matters relating to the unbalanced
voltage compensation of the present invention can be
applied toa control of the three-phase converter which

20 subjects the three-phase AC voltages to the PWM
conversion to output DC wvoltage.

The third embodiment of the present invention is
directed to a method for controlling the three-phase
converter, and the fourth embodiment of the present

26 invention 1is directed to a controller of the three-
phase converter.

A method for controlling the three-phase

converter according to the third embodiment of the
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10 symretrical conmponent voltages of a three-phase bal anced system
fromthe we-phase voltages obtained in the centroid vector operation
step, and an unbal anced vol tage conpensation step for formng a
conpensation signal to conpensate for unbal anced 15 vol tages of the

t hr ee- phase AC voltages to generate a control signal which subjects

t he three- phass ACEVvOhVegdsien thelRie sonvarsibn ot iogt phntegpb@se
vol tage. Here, the above steps may include, simlar to the 20

unbal anced %61 Yadé a98peheat i 6nF Wit #08 Vifeh fid Othé of PP whiddi ekt agte .
the present invention, a centroid vector operation ste

) ) a -
symretrical 5¢ FEnt °cBREuPAB B RESS V. tﬁﬁeuﬁ&ﬂgﬁgééﬁkﬁFdﬁﬁthOd
compensat o g b W G60L KT Vo€ B oneLRY o0, SLeRy ey veeta

25 operation’I’s per med a8t 671" ¢

which are sghealet bhomidg Ay Lo BRASY LhlP ¥PbhaGers o G fhAd d 0

this vector Operation, centroid vector vo ges are obtained

are directpgel- 5K 88RCGI YR algRIN PRl MOl 4283 S6O0MlRe 0f phase with
term nal -voltage centroid of delta voltages being the three-phase

| i ne vol t ageachTRethethe avecimietd i@gischaiggnehtitidelcanation step
respectively rendered to be the 5 wye-phase vol tages which are 120Q
out of phasfow tdabavl aotheg. symme tFhHecahbalcaneedevot tagétages of a
conpensati on step generates a conpensation signal for conpensating

for the unbhPaf@edPhaestegeslan¢afesphbicn AT 9Bl ttdyeswY@ 1s@d eon

t he zero- phase-sequence voltage of the synnetrical‘ggggonent vol t ages

whi ch d% oBPAitfRDeFn theddP@fbt + Pcdit & ofifdriene 1€al ProrPReERLEION

bt ai - ph d h trical t
Vol tages AnicbRy AINBCRRGTROR I BRAC VOHEL Aps. ice 18 Aot tBgRt SBefty

120 t of i th t . t. 0. whi_gh I
nave been Compancated ot DS CibrRote TREt nf B0 iRR AAE Yol Fagos

. jects hr ee- vol tages
to the PVWM gaBvershee DA 28elhen0Phal G JWEpRRESE AN ADRE S and

generate a control signal for outputting
subjecting the three-phase AC voltages to the PWM
15 conversion to generate a contrel signal for cutputting
the DC voltage.

In the centroid vector operation step, the vector
operation is performed as to all combinations of two
line voltages which are selected from the three-phase

20 line voltages. According to this vector operation,
centroid vector voltages are obtained which are
directed to respective terminal voltages from the
terminal-voltage centroid of delta voltages being the
three-phase line voltages. Then, the vector voltages

25 being obtained are respectively rendered to be the
wye-phase voltages which are 1202 gut of phase with

each other.

The unbalanced voltage compensation step
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20 DC vol t age. In the symretrical conponent cal cul ation step of
the present invention, each of the wye-phase voltages obtained in the
centroid vector operation step is subjected to the dg-axis conversion
to calculate a 25 d-axis voltage signal and a g-axis voltage signal
the cal cul ated d-axis and g-axis voltage signals are subjected to
frequency séparcatabas and Enposistd vephasd-seglefior woimpgadsating for
obtai ned froma DC conponent and a negative-phase-sequence voltage
i s obt ai nedtPPoHBR2ACSRPovéht tages of| fhpeesphictei 84 Eohiciens
calculationBste a zg{o-phase-se uence voltage is calculateg g sed
t 2 t

on 5 anpl i tRRE <hi BB ey FPal {RAREE FIETRISeTOhERTE VOF t 4GE and
2 Dhase cal cybglede L UenBasl i vey B1ases s2ausNce, OLLags, endile

negat i vephase-sequence vo , € ZeT 0- phase-'sequence VO

i's OUtmgteghEOéfﬁm@%@ﬁé@ﬁe@Qﬁ%&ﬁ@%ﬂﬂcﬁqgﬁTégwdH‘Eﬂgb,/gﬁyﬁans

measur enent val ues of the Ii1ne tages correspond one-to-0ne w

the controlywgeginhasandoanes §8at balssd Bl the genaret £8chasebPpPohlke t
actual neasurenent values of the line voltages at one neasurenent

poi nt of tiweltkbdfesomdidigthe tdwempsiheti tedbhns oighhd presentvye-phase
invention, it is possible to use the line voltages actually neasured

at a certaiviopdiagesf bdimegwiltZ bt oudi ngf aptuwsed e nwddur eeept: watbes as
obtained at nmultiple neasuring poi nts, whereby the we-phase voltages
at 20 the neas¥hisdq gdhenkalpaRdiveltages haeeheeancomemsated

val ues %f e- phase vol tages. 120 out of phase with each other are
dori ved Ut r ohPEie THRSEGhcERE FRRRE - B 3§ RePFoliHyed I ethet Anbiift FAtM

time to m”@%ﬁ%%§%&%%tggggﬁmggetﬂgmggﬁgg%éﬁ”%% Chhase voltages

to generate a control signal for outputting DC voltage,
and the control signal generated by the unbalanced
voltage compensation step controls a switching
15 operation of the three-phase converter to subject the
three-phase AC voltages to the PWM conversion and
cutput the DC wvoltage.
In the symmetrical component calculation step,
each of the wye-phase voltages obtained in the centroid
20 wvector operation step is subjected to the dg-axis
conversion to calculate a d-axis voltage signal and
8 g-axis voltage signal, the calculated d-axis and
g-axis voltage signals are subjected tce fregquency
separation, and a positive-phase-seguence voltage is
25 obtained from a DC component and a negative-phase-
sequence voltage is obtained from an AC component.
In the symmetrical component calculation step,

a zero-phase-sequence voltage is calculated based on
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25 required for detecting an unbal ance of voltages and generating a
control signal can be shortened. This will allow a rated out put
retain and a three-phase bal anced current output by a three-phase
converter control wthout using an electric storage device,

i nstantaneously without a tine-delay. Effect of the invention 5As
descri bed aB®Pd.iteeer didycud abed T ametéthod @itV of S present

i nvention; the unbal anced vol tage _conpensati on net hod, the unbal anced

vol tage conPEASRRFE (Ll tROSe-DREsE RMIER F2L6miaterediorm the

|1 f the.th - ph d the 10 | d, .
Vol 1age conBRRSALHER BHUbT Ame G40 GostPBIe 40 8] VERPr O TR 1%

wye- connect PR it 28 e G508 A0 4T phAe T i sk Ea e Rt yaiues of

wye- connect out hase w er, |

performsng the unbabarcers4eldf0801% LOTBARZALLAR It 1 BE o K £EnPhASE
AC. According to the present invention, In performng the

unbal anced ¥ohttagel CelRaNsatli Ghdnohke ddhee-qhaseghGli i si yposshllea
to derive fromactual values of the Iine voltages at one actual

measur enentbpeie of tilne, a2( el ngetdreu tbmeas: phasd webalbahcedde line
vol t ages, the positive-phase-sequence voltage, the

negat i ve- phdasddargenaca tvob nggaie aad naee r&r @ phate-seqbénee vol t age,
whi ch are the three-phase unbal anced vol tages of wye-connection being
120Q out of phaselWft FVHERGtIRF 924 dthenhdhiag-dhane sanperter

reasur Plgentéc%rolre ir?%sctrol pyh%n P{gutrhc% %%WOrllgj.sment of the present

invention includes, in controlling the three-phase
converter to subject three-phase AC voltages fo the
PWM conversion to output DC voltage, similar to the
unbalanced voltage compensator of the second

15 embodiment, a centroid vector operation unit for
obtaining from line voltages, wye-phase voltages which
are 1202 out of phase with each other, a symmetrical
component calculation unit for calculating
symmetrical component voltages of a three-phase

20 Dbalanced system, from the wye-phase voltages obtained
in the centreid vector operation unit, and an
unbalanced voltage compensation unit for forming a
compensation signal to compensate for unbalanced
voltages of the three-phase AC voltages, and

2b subjecting the three-phase AC voltages to the PWM
conversion to generate a control signal for outputting
the DC voltage.

The centroid vector cperation unit of the present
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FIG 1 is a schematic diagramto explain the unbal anced voltage
conpensati on according to the present invention; FIG 2 illustrates a
schematic configuration of the unbal anced vol t age conpensat or
according to the 5 present invention; FIG 3 is a flowhart to
explain a procedure for obtaining wye-phase voltages fromline

vol t ages, adooradihiotno phefoems ottt evece ot caper peirat i ant kes uhbalahte
conpensation of the present invention; 10 FIG 4 is a flowhart to
expl ai n a pFeFEULRE tHAR BaPEultamd nglBgnivetkt agr svaihhghs almprsehected
wye- phase vgl tgﬁe o according to the centroid vector operation in the

unbal ance cHmy Fi ot e f RE 37 Bskhi & Woditd RS - 15 A8« rging to this
Il lustrates_a Vol tage vector dia ram to.gxpl aip t he Cf%tl’oi d vector
et 8

Vechtor Sheetld f 1He" Breseh Fr%?e%t?&?;

operation inthe un ance conpe

FIG 6 ig | usty ol r aqi t,0. expl.al N | .
L? USHRAH £8e YO 1ROENY &GLOT a4 aﬁ%@'ﬁ? RAHdcrive ?gfmgnal

centroi vector operation In the unba conpénsation o

present invegatitdgek! @romithestkaiRsna 1MF&1 4l | SenedY i gubat beN ta
exanpl e of the unbal anced vol tage conpensat or according to the

present inveatitagekl Gefngl thel maiesea ptodé egUidlid Glo8XAYE €.1 0Then,
explain 25 that the unbal anced vol tage conpensating operation of the
present inveht crecsoperfoliredidy beiarg t bbetd inpdoeessi ng sgfe ¢ hé veERLY
according to software;
rendered as the wye-phase voltages which are 1202 out
19 of phase with each other, and then outputted.

The unbalanced voltage compensation unit of the
present invention generates and outputs a compensation
signal for compensating for the unbalanced voltages
of three-phase AC voltages based on the zerc-phase-

i5 seguence voltage of the symmetrical component voltages
which are obtained in the symmetrical component
calculation unit, obtains wye-phase voltages based on
the symmetrical component voltages and the
compensation signal, the wye~phase voltages being 1202

20 out of phase with each other as to which the unbalanced
voltages have been compensated for, subjects the
three-phase AC voltages to the PWM conversion based
on the obtained wye-phase voltages to generate a
control signal for outputting DC voltage, and the

25 control signal generated by the unbalanced wvoltage
compensation unit controls a switching operation of

the three-phase converter to subject the three-phase

AC voltages to the PWM conversion and output the DC
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FIG 9 is a flowhart to explain that the unbal anced voltage
conpensati ng operation of the present invention is perfornmed by an

arithnetic processing of the CPU according to software; FIG 10

il lustrates experinental exanples of the 5 unbal anced voltage
conpensati on according to the present invention; FIG 11 illustrates
experi ment avodxXampées of the unbal anced vol tage conpensati on
according to the present invention; 10 FIG 12 illustrates

experi ment al exanphés s¥mmpd Windalamdep oolebyecedpehsdtlioon unit
according to the present invention; FIG 13 illustrates . .
exper i nent aP % F&s eGFCR he furdaf alidésd RBPESy eV RotFeIRat PHtained in

ding tp the 15 present invention; FlG 14 illust .
xper | mont af DEXSHOR5E U1 KE Thibal SRAR b0 EhgBPddmpkekeonia-axis

according t otnhieeP GIGN! 'nyj tét? mte 4 &- lélllgs.l:[{g & Ahnal and
? %e 0 %%e g}u g dSv el

experi ment al “éxanp nbal ance age conpensat’i

according tg H“%Qi%sﬁﬂliaﬁ@“éﬁghéﬂ(3sﬁ@ﬂééﬂ%“%ﬂ@sc%lculated
configuration ‘exanple of a convenfional voltage fluctuation

conpensat org-gkG s 1dnid | gshkalLsSvan ey vValieii a Cisl Gl t £ dueneyent

25 of voltage sag; and FIG 18 illustrates equivalent circuits,

respecti vel yepatdeiiomput obitdel mad aomp d fie tlicesl- phdes ©f skligaence

t hr ee- phase converter.
voltage from a DC component and a negative-phase-

10 sequence voltage from an AC component, then outputting

the voltages teo the unbalanced voltage compensation
unit.

The symmetrical component calculation unit
calculates the zero-phase-seguence voltage, based on

15 amplitude calculated from the negative-phase-
sequence voltage and a phase calculated from the
positive-phase-sequence voltage and the negative-
bPhase-sequence voltage, and outputs the zero-phase-
sequence voltage to the unbalanced voltage

20 compensation unit.

Actual measurement values of the line voltages
correspond one-to-one with the control signal, and one
control signal is generated based on the actual
measurement values of the 1ine wvoltages at one

256 measurement point of time.

Another aspect of the present invention is

directed to an unbalanced voltage compensation program.

The unbalanced voltage compensation program of the
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Description of the Preferred Enbodi nents Hereinafter, preferred

enbodi nents of the present invention will be explained in detail wth
5 reference to the acconpanying drawi ngs. Wth reference to FIG 2 to
FIG 9, a configuration of the unbal anced vol tage conpensator of the
present invention and an unbal anced vol t age conpensati on met hod of

the presentPERER T ohnWignt benexysl & R 9I@m dkd iyl Aovhgegqmpyser to
converter as an exanple, and experinental results of the enbodi nents
will be expPEPfHt G BR et chbe f@ FH evimotptpPE B, controliyipy a

f FIG 2 henat i figuration of t bal
Vol tage. compBRER oF M2 DICTRE BT ESEn: Tl art | RO ARG hins noh T oty

FIG 2, at ?h%%ﬁ? I&%Snev £RAME, .5 g'ﬂlrbcjeaégq_snﬁﬁ}gcg‘lc% % 8 t—hag{f%é plbé%eo f‘g ages

power, and ree- phase converter ree- phase

pover tg theoPYWECHRWEESHA L £0 104 RY ol Yok i588, & @ tife DG A 030 38%am

O
20The unbal anced vol tage conpensator 1 of the present 1 nvention

conpensat esi her yi@al anceentald agesedt dhe dguegtpasesfeporer, and
suppresses fluctuations of the voltage outputted to the DC | oad 300.

I n addi ti onpbtleel nihbgl Anoedluald agd cagpensatyw - Rhak d eedbagslesthaich
vol tage and current inputted into the DC | oad 300 to performa power
factor contagke dcx®fdbnd tof tihbaBRC W Pohere dset ok h€ar r egt sgmme trical

control. The unbal anced voltage conpensator 1 is provided
component calculation step for calculating

10 symmetrical component voltages of a three-phase
balanced system from the wye-phase voltages obtained
in the centroid vector operation step, and an
unbalanced voltage compensation step for forming a
compensation signal to compensate for unbalanced

15 wvoltages of the three-phase AC voltages to generate
a control signal which subjects the three-phase AC
voltages to the PWM conversion for outputting DC
voltage.

Here, the above steps may include, similar to the

20 unbalanced voltage compensationmethod being the first
embodiment of the present invention, a centroid vector
operation step, a symmetrical component calculation
step, and an unbalanced voltage compensation step.

In the centroid vector operation step, the vector

25 cperation is performed as to all combinations of two
line voltages which are selected from the three-phase
line veoltages. According to this vector operation,

centroid vector voltages are obtained which are
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wWith a centroid vector operation unit 10 to obtain fromline

vol t ages, wye-phase vol tages which are 120Q out of phase with each
other, a symmetric coordi nate conponent cal culation unit 20 for
calculating 5 symetrical conponent voltages of a three-phase

bal anced system fromthe we-phase vol tages obtai ned by the centroid
vect or operétir@etadt tho, rase ent addert 80mfigra I ovmwiiga g esonfpreamattihon
signal for conpensating for the unbal anced voltages in the

t hr ee- phaset ACTOR ¢tV E 28%d Csubl Betidh @ &t e k b c6o piiasee ACP 96Nt e
to the PWM %gnversiﬁ%o enerate a control__signal for out utting DC
vol t age. reonBhAfSdIhasEC st fer 3BFT s PREBVBEF O tHohtages

t hr ee- phase, PVWM circui t. 20Qa _and a three:pha PVWM 1 ul se_gener at.or
200b for colralfarl(?lgfi?lé%t len%geraaﬁ?oﬁegfp?%g N S']gfé Eﬁ%‘iegﬁﬁl cﬁ‘?c fetqthe
200a toge t_ e .Sl I o} or ni.n PWM cont he .
t hr ee-pkﬁsgﬁg\%\m%lﬁ %% g@%g?%tgo%}é 2%8%%%% %Leé(?)ﬁl g\eﬁmsiggalrpgl%%ge lc;tnh

the control esicgnabtgenrerated in the adder 30. 20 For exanple, the
t hree- phase PWM circuit 200a may be forned by a bridged circuit which

is made up of a shhecChirigagkber®nd, valdt 48e UM edigalisncast &ol
O\ OFF operation of the switching elenment to performthe PWM control.
25The centroerdemxaters eperaipon st ioh0sijardailnt obthe aepeors @pdnat ifanr
as to all conbinations of two |line voltages selected fromthe |ine
vol t ages. AEB6Er dimpatl@anhedyve@ bkaggesr ae fothreat pdias ¢edtCorvoditiagres
are obtained, directed fromthe centroid of the term nal voltages of
del ta dOnneBaBs&H t BNt 1@ ef Bititut PR EISyee TUadspec ikt § I earRif t Fig’@e
obtained vegl o SPLLIES ALRpOHONE $91% 508 PHTEL LE LA ELDAS in
nponent
the symmetrical component calculation step, obtains
wye-phase voltages based on the symmetrical component
voltages and the compensation signal, the wye-phase
15 voltages being 12092 out of phase with each other as
to which the unbalanced voltages have been compensated
for, and subjects the three-phase AC voltages to the
PWM conversion based on the obtained wye-phase
voltages to generate a control signal for outputting
20 bC wvoltage.

In the symmetrical component calculation step of
the present invention, each of the wye-phase voltages
ocbtained in the centroid vector operation step is
subjected to the dg-axis conversion to calculate a

25 d-axis voltage signal and a g-axis voltage signal, the
calculated d-axis and g-axis volitage signals are

subjected to frequency separation, and a positive-

Phase-~-sequence voltage is obtained from a DC component

35



5 calculation unit 20, assum ng these voltages as wye-phase voltages
whi ch are 120g out of phase with each other. The symetric coordinate
conponent cal culation unit 20 cal culates fromthe we-phase voltages
10 obtained in the centroid vector operation unit 10, a

posi ti ve- phase- sequence voltage, a negative-phasesequence vol t age,

and a zer o-phdse-rsegedrices vph@aaye; selguin aeev e linad ¢ iicalo icomporenf rom
vol tages of the three-phase bal anced system and these voltages are
15 out putt ed™t &4 hecr@Psre By - The unbal anced vol t age
conpensation is made up of a constant current control unit 40 for

P L t
perforning constaht &S eWMEGHYT bF AaGRMBRAYGRE calculation step,
positive-phasesequence voltage calculated in the synmetric
coor di nat e Cofpdner nﬁ%ﬁlec"u?% F(?ﬁ"ﬁu%i‘t’o; A %ﬁec%]e%l‘ﬁil@f%fi%ﬁsgfi en
the input p f 4t e i o] r r.nent c _val ue,
an avergge %o lrlﬁ%g?at%%%gﬁ%agﬁ%% for pe;i“'1 %r %1% attﬁLg‘;‘E’F%%?r ol

(pover factoege@tee! hdythBe RlngoRt rhaBased 9B e U ¥ ¥m 2% he

command val ue and the input current into the three-phase converter
200, and t hgoaddeivao pind s addigguéhe poso ity Phaner SER e mesy & ok kage
after the constant current control is perfornmed, the negative-

phase- sequembes¥ol s ageeramed whd Zzege-,phase- skqueneeovgliage.- sdguence
zer 0- phase- sequence voltage i s added as the conpensation signal which
conpensat esVvPéitage amsbarahpad toft dgesthe tinkelpixsed ATolot 2bges.

5 The adder 30 outputs the wye-phase voltages which are 120Q out of
phase Wit h S8BRER PBE IR ¥B1hhi cH ¢ hEadn B aREEE R Laydd WaFeCbedie

O o B S AR R PR [T 2898030
signal, and one control signal is generated based on
the actual measurement values of the line voltages at
one measurement point of time.

15 According to the embodiments of the present
invention, it is possible to use the line voltages
actually measured at a certain point of time without
using actual measurement values obtained at multiple
measuring points, whereby the wye-phase voltages at

20 the measuring point can be derived.

As the instantaneous values of wye-phase voltages
120° out of phase with each other are derived from the
instantaneous values of 1ine voltages, the amount of
time to compensate the three-phase unbalanced voltages

25 required for detecting an unbalance of voltages and
generating a control signal can be shortened. This will
allow a rated output retain and a three-phase balanced

current output by a three-phase converter control
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10 in the three-phase converter 200, serving as the control signal
for subjecting the three-phase AC voltages to the PWM conversion to
out put DC voltage. The i nput power to be given as a feedback
to the constant current control unit 40 can be acquired in 15 the
average power operation unit 50, for exanple, by cal cul ating power
based on t h€iddreeht vgidn gh@n ot L agd et ng tder ageedl @viicike | oad si de.
[ Cal cul ate wye-phase voltages by the centroid vector operation]
20Next, in tR& mﬁﬁmuﬁghﬁ)é’h%ﬁpi%ﬁ ot tHEPrésdmMtYinvention, with
reference to the flowharts in FIG 3 and FIG 4, and the vector
diagrams in FIG 5 and FIG 6, there will be explained a procedure

for obtai ni he - se,vqoltages which are 120Q out 25 of phase
with each o %fte(fF\(l)vé%t Etgﬁ ir"%'em(/%ﬁltgg‘é)ens by using the centroid vector

operatign, and a gEocRMES bl CAbEY AL AG YPBELY cAb SUBRNEE! tne

vol tages fromthe we-phase voltages bei ng obt ai ned

line vol t agempl@PmedhCs S£aknkepirese fach iofehha 4l eenkhas &fanced
termnals are detected. Here, the line voltage en is a vector voltage

bet ween t hevbartagal c'vatp and dtheohemdttadd” b"théhenbakanelddgeod tehge
is a vector voltage between the termnal "b" and the termnal "c",

and the |ineocwgiemage tadr | stlmeviehrer \oh & age cloetweer etthe dret noAame'tdiod ,
and the termnal "a" (Si). The |ine voltages being detected
(sab, ebc, E&® ClQPEFé’JsamFe@tfeGh% theegeR RS VEFtahd and the

centroid vectors, (e2a,_ e2b. eye) are calcul ated. e2a e2b . .
1 unbalanced voltdge compensation program, it is

possible to derive from the line voltages,
instantaneous values of the wye-phase volitages of
wye-connection which are 1202 out of phase with each
other, in performing the unbalanced voltage

15 compensation in the three-phase AC.

According to the present invention, in performing

the unbalanced voltage compensation in the three-phase
AC, it is possible to derive from actual values of the
line voltages at one actual measurement point of time,

20 being the three-phase unbalanced voltages, the
positive-phase-segquence voltage, the negative-phase-
sequence voltage, and the zero-phase-seguence voltage,
which are the three-phase unbalanced voltages of
wye~connection being 1202 out of phase with each other

25 at the time of the actual measurement.

Brief Description of the Drawings

FIG. 1 is a schematic diagram to explain the unbalanced
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e2, = (eab - = (ebc - = (eea - eaa)/3 eab)/3 eba)/3 15The i nventors
of the present invention have focused attention on that there is a
rel ati onship as expressed by the follow ng formula (8) between the
centroid vectors (e2a, e2b, eye) calculated fromthe |Iine voltages,
and the wye-phase vector voltages (el, 20 el b 1 ela) which are 120Q
out of phaseoditédgeactrmpbesattlan-aa2aorddlng to the present
invention;
FIG. 2 illustrates a schematic configuration of the
unbalanced voltage compensator according to the
5 present invention;
FIG. 3 is a flowchart to explain a procedure for
obtaining wye-phase voltages f£from line voltages,
accerding to the centroid vector cperation in the
unbalance compensation of the present invention;

10 FIG. 4 is a flowchart to explain a procedure for
calculating symmetrical voltages from the wye-phase
voltages, according to the centroid vector coperation
in the unbalance compensation of the present
invention;

15 FIG. 5 illustrates a voltage vector diagram to explain
the centroid vector operation in the unbalance
compensation of the present invention;

FIG. 6 illustrates voltage vector diagrams to explain
the centroid vector operation in the unbalance

20 compensation of the present invention;

FIG. 7 illustrates a more detailed configuration
example of the unbalanced voltage compensator
according to the present invention:

FIG. 8 illustrates a configuration example to explain

25 that the unbalanced voltage compensating operation of
the present invention is performed by an arithmetic

processing of the CPU according to software;

FIG. 9 is a flowchart to explain that the unbalanced
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eib =e2b + el0 ela = e2e + en)- (8) The formula (8) expresses that

t he wye-phase 25 voltages (eta, elb, ele) which are 120Q out of phase
with each other are represented by the vectorial sumof the centroid
vectors of the line voltages (e2a, ezb 1 e20) r respectively, and the
zer 0- phase- sequence voltage eia. According to the fornula (8), the

i nventors o¥oflicapeeseampénvaiting lperadund t h&t thei prpossnble to
obtain the wye-phase voltages (el,, em el1l0) which are 1202 out of
phase wi th daFeEhen iy faiheraad iy A% yeétdmebict prqgeesing of
vol t ages (e2%, e2b e%)s%b%/ deriving the zero-phase-sequence voltage
el". FurtheFP& CTU ZGPFEdmP t Rt SR&bFaLRy to this rel ationship,

t he positiv§iepa5fés§ﬂ_enc val tage ell, .and t

. h
negat i vephaseé-sequéence v gﬁle %F, egfp‘?%%“\ﬁ;}jeg?)ﬁaseé(%ﬁlggqesoiotPeef -
| b, el ' j
bt ai ned f1 o Ehes Beer o Gt al oy SOk ba s G r ity Pbg tne

voltages. presdhf RAMRsEAtilglvention utilizes the relationship
bet ween the centroid vectors of the |line voltages and 15 the

wye- phase vBlItGagesl Byl st Agdthes cedpor meart A1LS ezfamples, o £2@he
easily cal cul ated by the vector operation fromthe |Iine voltages

(eab, e,,, epprlbanngd heoddélage vobimggess aitnist rad cofoddiect | yo the
detecting the wye-phase voltages (el,, elb, el0) which are 1202 out
20 of phaseP®EEERECA Gi¢RELIAhese centroid vectors (e2,, e2,, e20)

are applied_to the control of the three-phase PW converter, thereby
faciliti®tingIfhe tdnfdnstttERr§9F LRP IREBEPhAde AR BRBSISaRE]the

vol tages. (Fhalj nslieP PS19ae ' BSGRN L9 YEOLUS, 209 1, 35 cpfse

present invention;:
FIG. 13 illustrates experimental examples of the
unbalanced voltage compensation according te the
15 present invention;
FIG. 14 illustrates experimental examples of the
unbalanced voltage compensation according to the
present invention;
FIG. 15 illustrates an experimental example of the
20 unbalanced voltage compensation according to the
present invention;
FIG. 16 illustrates a configuration example of a
conventional wvoltage fluctuation compensator;
FIG. 17 illustrates an equivalent circuit in the event
25 of voltage sag; and
FIG. 18 illustrates equivalent circuits, respectively
on the input side and on the load side of the

three~-phase converter.
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Herei nafter, an explanation will be made regarding that the centroid

vectors (e2,, e2,, e2) obtained by the vector operation correspond to
the wye-phase voltages which are 120g out of phase with each other.

FIG 5 illustrates the relationship between the delta voltages and

t he wye-phase voltages. In FIG 5 5, the delta voltages are

r epr esent edD ptb_r&% vgkt q_.gleé f,gg@, dﬂ?eﬁ s&gl))pl;ﬁtﬂgﬁg gt he

termnals € wye- phase

vol t ages (eke ek}ber%‘ﬁﬁ‘)a@i:%ﬂ ep[%fé%@ﬁf'eﬁy érﬁ‘@oﬁ@.@ﬁ&ﬁt¥0|<§@9€ﬁef rom
an arbitrary point k to each of tThe 10 terminals a, b, and c.

point k is preefaienaayohitioal bytnaridy deterained i tnt B%Wﬁiphﬂ@@h
vol t ages. Here, if the wye-phase voltages (eke, ekb, ek,) are

gi ven, ®he delfteranbeages teab,acbomperay iare deterimaged | With
standardi zed manner. On the other hand, even when 15 the delta

vol tages (eubfeghwnceod)o HEGgi Ieho FHE refer ancongol auriathanbef the
defined at any position and thus the point may exist countlessly.

Ther ef or e, %éa\wﬁﬁésevvért@@%sceéu&en%R%O%kof driee nBr R RN ned

in standardlzed rranner and t here, exist finife 20 nunber of
conbi nat i onSEVER EHRY AP Feffedtnba %&G?H W}e T894 C OBPERRR tEO,

ekb, eke). [l ks fo he ﬂ%eg thsaéntch%eri‘%ge &?eg%%chhuegge v%%gqned

accordi ng t'6°the Swe-phase ages is assu

eko, ang theaRAIdY 20"tHSe@SYHELe 2% Ji\Pe & EF €ACC AP Bl adip PE 1R a

zer o- phase- sequence vol tage. = According to the relationship
bet ween t hee deld:@i Mehttagesrelsiuier ¥obtrages: aifh bAa nwerBhasel Yohteages

as shown in FIG 5, following forrmula is obtained: eab - eea = eka -
eke - (eke exel@ined with reference to FIG. 10 to FIG. 15.
With reference to FIG. 2, a schematic
configuration of the unbalanced voltage compensator
15 of the present invention will be explained. 1In FIG.
2, a three-phase AC power socurce 100 supplies
three-phase AC power, and the three-phase converter
200 subjects the three-phase AC power to the PWM
conversion to output DC voltage to the DC load 300.
20 The unbalanced voltage compensator 1 of the
present invention compensates for unbalanced voltages
in the three-phase AC power, and suppresses
filuctuations of the voltage outputted to the DC load
300. In addition, the unbalanced voltage compensator
25 1l feedbacks the voltage and current inputted into the
DC load 300 to perform a power factor control according

to the PFC (Power Factor Correction) control.

The unbalanced voltage compensator 1 is provided
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3eke - (eke + ekbekc) = 3eka - 3eko- (9) According to the
rel ationship of formula (9), the 5 wye-phase voltages (eka, eke, eke)
can be expressed by the following formulas (10) to (12), by the delta
vol t ages (eab, ebe, eea) and the zero-phase-sequence voltage eko- eke
= (eabeca) /3 + ekom (10) 10 ekb = ( ebeeab)/ 3 + eko eke = (
eeeebc)/ 3 wifhz) cESOnrohd velrto haople ras fon wha twie- pbash twadln dgesm
whi ch are 1209 out of phase with each other, when the phase angle fia
of the a-phadd§ sV eéfdctent eH VI Rhasie Whasagmylebifch are 1202 out
-la. fib, an% Be of the respective three phases a-phase, b-phase,

r

and c- phase®ar PRIt 2ol QThers| & Symmedygcr cpordspate

(13) component calculation unit 20 for calculating

5 symmetrical component voltages of a three-phase
balanced system, from the wye-phase voltages obtained
by the centroid vector operation unit 10, and an adder
30 for forming a compensation signal for compensating
for the unbalanced voltages in the three-phase AC

10 voltages and subjecting the three-phase AC voltages
to the PWM conversion to generate a control signal for
cutputting DC wvoltage.

The three-phase converter 200 is provided with

a three-phase PWM circuit 200a and a three-phase PWM

15 pulse generator 200b for controlling the operation of
the three-phase PWM circuit 200a to generate pulse
signals for performing the PWM control. The three-
phase PWM pulse generator 200b forms the pulse signals
based on the control signal generated in the adder 30.

20 For example, the three-phase PWM circuit 200a may be
formed by a bridged circuit which is made up of a
switching element, and the pulse signals control
ON/OFF operation of the switching element to perform
the PWM control.

25 The centroid vector operation unit 10 performs
the vector operation as to all combinations of two line
voltages selected from the line voltages. According

to the vector operation, centroid vector voltages are
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25 The phase angle of the positive-phase-sequence voltage is
in phase with the a-phase of the wye-phase vol tages having the

rel ati onship of 120g out of phase fromeach other. According to this
rel ati onship, a 30 DC conponent as a control target of the

t hr ee- phase PWM converter can be extracted by the dg-axis conversion,
t hereby facpbitaainagd .t Welxepttbend Hfowmhéhdhreenfhastd PYK ddrevereeminal
In addition, in the wye-phase voltages which are 120Q out of phase
with each oVRtagRé phade ldiRyIce bt e ehd e der itie piasigeylsttktages,
vol tage and that of .the zero-phase-sequence, voltage, with resgect to

the 5 posit FeSRRGEEVEtYienB@ % ditage, ot iRethd Sphasi Vo L rEeS G e

h | FLG_ 6A il he .rel ationship_bet
The wye. phaSh VR E5G4 T GRS RIS BE 10 hada af hCbahoBeR:

and thesrefeaqwlaceiih n @nid ihe Za%rb%?ma% pgﬁ%-sseeqyﬁﬂ%ea%lft%%e-

FIG 68 illustrates the relationship wee € wye- phase t ages

which are 1492 Ophagle RResRaYdd facR1PtASL anslobheg Jef 6Eener PO Ylith
of the centroid vectors (centroid). In FIG 6, the reference point of
t he wye- phasactol apes: whi ch 15 are 1202 out of phase with each ot her
is represented by K =1, and the reference point (centroid) of the
centroid vectors Ther epymsentsic byokrd2nate colposhonh callddlaGAon
t he wye-phase voltages (el,, elb, el0) which are 1202 out of phase
with each ovRért 280ace kxpladsed By amethel [vonen@ifas auve YUayes

assunin% that K=1in the fornulas (10) to (12): ela = (ea:, -
e00)/ 3 1P e ObLahped dfp Wpe ceddpjord ¥Yeftor empnagien unit 10, a

positive-phase-sequence voltage, a negative-phase-

sequence voltage, and a zero-phase-sequence voltage,

which are symmetrical component voltages of the

three-phase balanced system, and these voltages are
i5 outputted to the adder 30.

The unbalanced voltage compensation is made up
of a constant current control unit 40 for performing
constant current control based on the positive-phase-
sequence voltage calculated in the symmetric

20 coordinate component calculation unit 20 and the
feedback value of the input power to the load side to
generate a current command value, an average power
operation unit 50 for performing the PFC control {power
factor control) by the PI control based on the current

25 command value and the input current into the
three-phase converter 200, and the adder 30 for adding
the positive-phase-seqguence voltage after the

constant current control is performed, the negative-
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25 el, = (ecc - ebc)/3 + el, = e00 + e10... (14) On the other hand,

as shown in FIG 68, the centroid vectors (e2a, e2b, e20) are
obt ai ned by the vector operation, as to the two |ine voltages out of
30 the delta voltages (eOb, eb,, e00), and when the point of the
centroid vector is represented by K =2, the centroid vectors are
expressed bphEte f slelmwengef oradit agels) §84) theRazeregphass82beguence
ebc - eab) / 3 e2c = ( eca - ebb)/3 en, = ( e2a + e2b + e20) /3 =

0... (15) AECIreRAg -t o TG 2 BBO -WHehS Bé SHRePIRA ¥ Vbf Baged S 6Fdled as
o0 10) WL E 4200, ouL of Ptes 1 S9°R 1D SLDEE Y eror ine
unbalanced voltages of three-phase AC voltages.

5 The adder 30 outputs the wye-phase voltages which
are 1202 out of phase with each other, as to which the
unbalanced voltages have been compensated for. The
wye-phase voltages outputted from the adder 30 are
inputted into the three-phase PWM pulse generator 200b

10 in the three-phase converter 200, serving as the
control signal for subjecting the three-phase AC
voltages to the PWM conversion to output DC voltage.

The input power to be given as a feedback to the
constant current control unit 40 can be acqguired in

15 the average power operation unit 50, for example, by
calculating power based on the current and the voltage
being detected on the load side.

[Calculate wye-phase voltages by the centroid vector
operation]

20 Next, in the unbalance compensation of the
present invention, with reference to the flowcharts
in FIG. 3 and FIG. 4, and the vector diagrams in FIG.
5 and FIG. 6, there will be explained a procedure for
obtaining the wye-phase voltages which are 1202 out

25 ofphasewitheachotherfromthelinevwltagesbytming
the centroid vector operation, and a procedure for
calculating symmetrical component voltages from the

wye-phase voltages being obtained.
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e2b, e2b), the aforenmentioned fornmula (8) can be obtained. The

formula (8) indicates that, as described above, the wye-phase

vol tages (ela, elb, elb) are 15 represented by the vectorial sum of

the respective centroid vectors of the |line voltages (e2a, e2b, e20)
and the zero-phase-sequence vol tage el0. On the ot her hand, as

for the wye-phaseThél tid Vhildlnaee {20g.08bcof ephdsbetindenachch of
ot her, when the 20 phase angl e of the_a-ghase IS represented by a,

t he phase aﬁ&leeézrf]F‘g?"Pih(ﬁsﬁn%lchérGfl¥ﬂ Saagifaske taohinte, ’é?&ef' the
c- phase respectively . are expressed by: fla = a 25fib = a - 2p/3 fic =
2 b 2p/3. . Lt voltade S IRy Kegton goditeng petweeh che
ositive-ph s nce, 30 t IS, L. Sew Wt h -.phase

p p %%%@f 4gnoe, aﬁ? @ﬂglﬁ% @ﬁ?g% gﬁ iln %?Egﬁge

t he wye- phase ol tages™ whi are phase W Th™éac
5 €ye 18 a vector veolitage between the terminal “b" and

the terminal "c¢”, and the line voltage eq.. is a vector
voltage between the terminal "c¢" and the terminal "a”
(S1}).

The line voltages being detected (€an., €vc, €ca)

10 are subjected to the vector operation, and centroid

vectors (eza, €2, €3c) are calculated.

€2a = (€ap - €ca)/3 w (5)
€2p = (€pe - €ap)/3 w (6)
€2c = (€ca - €pc)/3 w (7)
15 The inventors of the present invention have

focused attention on that there is a relationship as
expressed by the following formula (8) between the
centroid vectors (eza, €e:p., €2.) calculated from the
line voltages, and the wye-phase vector voltages (e;ia,

20 €1b, €1c) which are 1202 out of phase with each other.

€i1a = €2a + €31,
€1p = €3p + €3,
€1 F 82¢ + €10 e (8)

The formula (8) expresses that the wye-phase
25 voltages (eja, €1b, €10) Which are 1202 out of phase with
each other are represented by the vectorial sum of the
centroid vectors of the line voltages (e3a, €3p, erc),

respectively, and the zero-phase-segquence voltage e;,.
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Wth the relationship above, the DC conponent as a control target of
the three-phase PWM converter can be extracted by the dg-axis
conversion, thereby 5 facilitating the control of the three-phase PW
converter (S3). In the wye-phase vol tages which are 120Q out

of phase with each other, the phase angle of the

negat i ve- phasesedionret goftteggef amtht hat (&f) t heh®0 inventors of the
zer o- phase-sequence voltage, with respect to the _

posi t i ve- phBREFESPleddt’ §BLHa e, have fouRd dppasi tid di fedoionihil & Heo
same angle. Therefore, instead of the we-phase voltages (el,, el,)
which are 19BGHLE bhepHaEs RRER Sl bRRES (1 4 eantrel dVhacbIare
of the line age . €2Dh, e are used to_extract the .
positive- ph%l\sécebl-%ecgﬂgnégrz\}jorf?gﬁew Z’Qrénﬁafsll*e hed&Ei v -]bﬂgs%-hseeq%%ﬂggcnd
vol tage £9 LUV PESECEALS Qi o 2b,. €20 e s
taki ng out the DC conpone%tQéguigﬁ%%ﬁgg%ﬁfgfaﬁT g?bfhéhﬁhhf%r€%¥6ﬁg§%g

PWM convert ehe ailrbl gsafUr-thesuBassd be1tq gompensat puhdndhe it is
unbal anced voltages by extracting the zero-phase-sequence vol tage

(S4). alled , fohecethae dyvecr@ingeto ¥2Dhs eavbbaidiedpi,n the
the step S2 are subjected to the dg-axis conversion 25 process, and

t he d- axi s pemponeve -glllaapd gdgugnane sy chirpge M, chhdarthohtagaed.ve -
This conversion is conducted so as to control the three-phase PW
converter bquﬁgﬂgagyﬁ@ﬁ@anggyge e, 0of the wye-phase voltages

10 (e1a. e1n, €i1c) which are 1202 out of phase with each
other, can be obtained from the centroid vectors (e;,.
€25, ©3c) of the line voltages.

The present invention utilizes the relationship
between the centroid vectors of the line voltages and

15 the wye-phase voltages. By using the centroid vectors
(ez2a. e2p, 20} easily calculated by the vector
operation from the line voltages (eap, €pe., €ca) being
the delta voltages, instead of directly detecting the
wye-phase voltages (e€1a. 215, ©1c) which are 12092 out

20 of phase with each other, these centroid vectors (e,.,
€zp, €20) are applied to the control of the three-phase
PWM converter, thereby facilitating the compensation
for the three-phase AC unbalanced voltages.

(Relationship between the centroid vectors and the

25 phase voltages)

Hereinafter, an explanation will be made
regarding that the centroid vectors (eja, €2p. ©€32c)

obtained by the vector operation correspond to the
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In order to performthe dg-axis conversion, a spatial vector is
converted into a real vector. Wen the phase difference between the
wye- phase voltages (el., elb, elc) and the three-phase bal anced
voltage (er, 5 e" et) are assuned as a, the we-phase voltages (el.,
elb el.) are equivalent to areal part of the we-phase voltages

repr esent edvine tihbasgatval twant or whamoh t Aeye dr208xpressed phase with
follow ng formula &17): el, = ElanCOS(wt + a) 10 elb = El bnCOS(ct + a
- 213/3) el ®aclF ofh@as(wt + a + 2p/3) ...(17) 15Wen these wye- phase
vol tages are subjected to the dg-axis conversion, the d-axis, the
g-axi s and the ze?agphése’zjs%ﬂﬁéﬁ’c%t‘éénﬁ&?erﬁeééﬁW%BP&I Reitween the

However, in.t deltq_connectio notlgossible %o di r ect

detect the %f/ae-p asd vtoﬁ‘?(ﬁaesart I’gfhtee:‘gyefé) _Elﬁf W thages 120%1%0&1(;'
of phase with each ether, %ﬁoﬁiﬁggsarﬁggfre%fsgeln?ﬁg%g{ € nbNGine

zer o- phasesedquence voltage e unc esent

invention, yp3teadedl (e W Phase)Veldiapean( &l €4Pm 8l P1 sWI0N ang
cannot be 25 detected directly, the centroid vectors (e2a, e2b, e20)

are enpl oyedp "whi th "aren @bt'aimedahyl subj eetri g~ det.ect@wbewidiephase
voltages to the centroid vector operation. Accordingly, with the line
vol t ages at voldd agesurenmnt epai.ne kel kire,reébpriesooseidblbey ttohe vector
conpensate 30 for the three-phase unbal anced vol t ages.
voltages from an arbitrary point k to each of the
10 terminals a, b, and ¢. The point k is a reference point
arbitrarily determined in the wye-phase voltages.
Here, if the wye-phase voltages (exa, €xp, €xe) are
given, the delta voltages (ezp., €vc, €ca) are determined
in standardized manner. On the other hand, even when
15 the delta voltages (ean, ©€pc, €c¢a) are given, the
reference point kX can be defined at any position and
thus the point may exist countlessly. Therefore, the
wye-phase volftages (exa. €xb. €xc) are not determined
in standardized manner, and there exist infinite
20 number of combinations that may be represented as the
wye-phase voltages (exa., exp, €xc). It is to be noted
that the zero-phase-sequence voltage according to the
wye-phase voltages (exa, €xb. ©xc) 1S assumed as ey,
and the point "o" is assumed as the reference point
25 of the zero-phase-sequence voltage.,
According to the relationship between the delta

voltages (line voltages) and the wye-phase voltages

as shown in FIG. 5, following formula is obtained:
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When the wye-phase voltages (ela, efl,. ela) of the formula (8) are
subjected to the dg-axis conversion, followng fornula (18) is
est abl i shed: 5 Id

lg lz _

10

15

20

25

30

€ab - €ca = €ka - €xp - {(exe - €xa)

il

3exa - (€xa + €xp *+ €xc)
= 3exa - 3eko w (9)

According to the relationship of formula (9), the
wye-phase voltages (exa. €xp. ©xec) Can be expressed by
the following formulas (10) to (12), by the delta
voltages (ean. €nc, ©ca) and the zero-phase-sequence
voltagde eyxo.

€xa = (€ ap - €ca)/3 + exo w (10)

exp = {(€pec - €an)/3 + exo w (11)

€ke = (eca - epc)/3 + €ko [ (3-2)

On the other hand, as for the wye-phase voltages
which are 12092 out of phase with each other, when the
phase angle £,, of the a-phase is represented by a, the
phase angles f£,,, f£i1,, and f£f,. of the respective three
pPhases a-phase, b-phase, and c-phase are expressed by;

10 = a

flb = a - 2p/3

fic a + 2p/3 - (13)

The phase angle of the positive-phase-sequence
voltage is in phase with the a-phase of the wye-phase
voltages having the relationship of 12092 out of phase
from each other. According to this relationship, a
DC component as a control target of the three-phase
PWM converter can be extracted by the dg-axis
conversion, thereby facilitating the control of the

three-phase PWM converter.
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- 3 cos wcos ( cat-27c /3) cos ( wt+2 /3) -sincot -sin (wt-2
/3) -sin( wt+27c /3) 111 la Ib Ic

10

15

20

25

30

In addition, in the wye-phase voltages which are
1202 out of phase with each other, the phase angle of
the negative-phase-sequence voltage and that of the
zero-phase-sequence voltage, with respect to the
pPositive-phase-sequence voltage, are in the opposite
direction at the same angle.

FIG. 6A illustrates the relationship between the
wye-phase voltages which are 1202 out of phase with

" w

each other and the reference point o" of the zero-
phase-sequence voltage. TFIG. 6B illustrates the
relationship between the wye-phase voltages which are
1202 out of phase with each other and the reference
point of the centroid vectors (centroid). In FIG. 6,
the reference point of the wye-phase voltages which
are 1202 out of phase with each other is represented
by K = 1, and the reference point (centroid) of the
centroid vectors is represented by K = 2.

As shown in FIG. 6A, the wye-phase voltages (e;,.
€ip, @1c) which are 1202 out of phase with each other

are expressed by the following formula (14) assuming

that K = 1 in the formulas (1l0) to (12):

€1a = (@ab - €ca)/3 + €10 = €4, + €10

€i1p (€vc - eap)/3 + e, Eop + €14

€1 F (eca - ebc)/3 + €10 = 8pc + €10 e (14)
On the other hand, as shown in FIG. 6B, the

centroid vectors (eza, e3,, €3c) are obtained by the
vector operation, as to the two line voltages out of

the delta voltages (easp, ©bc, €ca). and when the point
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When the centroid vectors (e2a, e2b, e2) of the fornmula (15) are
subjected to the dg-axis conversion, followng fornmula (19) is
established: - - cos wt cos (wt-2 n /3) cos (cot+2 n /3) e 2
-sinwt -sin( wt-2n/3) -sin( wt+2 n /3) e 2b 111 2c __ 10 =
elg 0 ( 19)

of the centroid vector is represented by K = 2, the

centroid vectors are expressed by the following

formula (15)(S82):

€2a = (@ap - €ca)/3
5 €p = (€pec - €an)/3
€2c = (€ca ~ €pcl}/3
€20 = (@22 + e3p + €2¢)}/3 = 0 - (15)

According to FIG. 6B, when the wye-phase voltages
(e1a, e1p., €1c) which are 1202 out of phase with each
10 other are expressed by using the centroid vectors (e,a,
€2b, €2¢c), the aforementioned formula (8) can be
obtained.
The formula (8) indicates that, as described
above, the wye-phase voltages (ei1., ei1p, e1.) are
15 represented by the vectorial sum of the respective
centroid vectors of the line voltages (eza, €2n., €3c)
and the zero-phase-segquence voltage e;,.
On the other hand, as for the wye-phase voltages
which are 1202 out of phase with each other, when the
20 phase angle of the a-phase is represented by a, the
phase angles f,,, fi,, and f;. of the a-phase, b-phase,

and c-phase respectively are expressed by:

fia = &
25 flb = 4a - 2p/3
fi1c. = a + 2p/3 ... {le)

The phase angle of the positive-phase-segquence

30 wvoltage is in phase with the a-phase of the wye-phase
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The d-axis conponents eta, e2d, and the g-axis conponents env e2q
after the dg-axis conversion, expressed by the fornmulas (18) and

(19), are not 15 influenced by the zero-phase-sequence voltage el,
expressed by the formula (14), and the values of the d-axis
conponents are equal to each other, and the values of the g-axis
conponent s ¥dwd eygeals Wi leahaviehdrd0200MEnotthefas euvd ttlBach other.
enpl oyed, which is obtained by subjecting the fornula (15) to the
dg-axis conversi Bath Hd ¢ grendiRE JOm§hdppadsayfg the DfStmBAdeUst as
| i ne vol t ages gaeab, ecc, eca) obtained_ at one _neasurenment point, it

i s possi bl et §OPESPBAd AT $he PECTBEnIGT et PR sPEMI Y REGHT iGRP
the line 5 y)%l tea}ggls:a%t é)gglb%}[egts%r?et g{‘r-teg:‘%‘i's”tcé’“n%;[‘e(%;”%i5@',8%%{%58 al ues

at nul tipl e measurenen e ¥ hat

if the C IS peLf arned i hg r 1 e
zer o- phggesg%{}g\%ﬁt\% Jtpfg qurl% %g}eﬁg%?\%jg gt)fggtalﬁgi n@ﬂlﬁaégf g%nrr&h%g FI@% .
10 Ther ef or go d-her2@10- pHase- sequence voltage elc is cal cul ated by
usi ng the positive-phase- sequence voltage and the

negati ve- phase- segitierte: wyeaghasal ¢ullaid §8solwihe€h are 1202 out of
zer 0- phase-sequence voltage el, will be described in the foll ow ng
(S3). 15Nexphasyemwtirtilca¢ actnponketr vothaggshd pesidngee of the

phase- sequence vol tage, negative-phase-sequence voltage, and

zer o- phase- Béfircht¥evah age) seeuemas nea livaget e d- kit cofipdbent

eld and the g—axis )
10 zero-phase-sequence voltage, with respect to the

positive-phase~-sequence voltage, are in the opposite
direction at the same angle.
Therefore, instead of the wye-phase voltages (e;ja,
€1p, €1c) which are 12092 out of phase with each other,
15 the centroid vectors of the line voltages (esa, ezp.
ezc) are used to extract the positive-phase-sequence
voltage e, and the negative-phase-sequence voltage eq
from these centroid vectors (e;a, €;,, €3:), thereby
taking out the DC component as a control target of the
20 three-phase PWM converter, and it is further possible
to compensate for the unbalanced voltages by
extracting the zero-phase-sequence voltage (S4).
Next, the centroid vectors (eza, €25, €2:) Obtained
in the step S2 are subjected to the dg-axis conversion
25 process, and the d-axis component e;q and the g-axis
compeonent e;q are obtained. This conversion is
conducted so as to control the three-phase PWM

converter by the DC component (S3).
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conponent el g, which are acquired by the dg-axis 20 conversion (54).
(Cal cul ation of the symetrical conponent voltages)

Hereinafter, with reference to the flowhart shown in FIG 4, the

cal cul ation of the symretrical conponent voltages will be explained.
25As to the wye-phase voltages (ela, elb, elc) which are 120Q out of
phase with each oFﬁeror%é?n ﬁ%epﬁé‘ﬁqlﬂveiﬁﬁas@QC@rﬁ)bﬁemoWF&@]@I‘!s a
assuned as elu%%+the ati ve- phase- sgguenqe vol tage i.s assuned as

elc, and tfi® Blpﬁ %EqﬁénEQQHﬁ Séi%?%ﬁs@ﬁ%ﬁaﬁsﬁfﬁfthe When
- ph t t e follow ng:

Sata oo et nCPog e bt T ke SR g Wes Bpats, valfaces

eine-12p/ 3 f'e etaen) %1.:) aﬁ"dp%gstﬁr%cg-phg)se b@lngﬁeﬁd( 9% tgég)(gr,

Ei antos ( cot ft
5 es, e¢) are assumed as a, the wye-phase voltages (eia,

€1n, €1c) are equivalent to a real part of the wye-phase
voltages represented by the spatial vector, and they

are expressed by the following formula (17):

e1a = Elamcos(mt -+ a)
10
@1p = E1pnCOS8(wt + a - 2p/3)
€1c = E1cnCOS(0t + a + 2p/3)
(17)
15 When these wye-phase voltages are subjected to

the dg-axis conversion, the d-axis, the g-axis and the
zero-phase-sequence component can be obtained.
However, in the delta connection, it is not possible
to directly detect the wye-phase voltages (eia, eip,
20 e;c) which are 1202 out of phase with each other, and
they are not given. Therefore, the zero-phase-
sequence voltage e;, is unclear.
In the present invention, instead of the
wye-phase voltages (ei;a, e€i1p. €1c}) which cannot be
25 detected directly, the centroid vectors (eza, €2p, €3¢)
are employed, which are obtained by subjecting
detectable line voltages to the centroid vector
operation. Accordingly, with the line voltages at one
measurement point of time, it is possible to compensate

30 for the three-phase unbalanced voltages.
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eib = Eipncos ( cat + a - 2p/3) + Einntos ( cot + fin + 2p/3) 15+
Ei antos ( cat + f10) eic = Eipalcos (cot + a + 2p/3) + Einntos ( cot

+ fin - 2p/3) + Eiontos (cot + f10) 20( 2 0 ) By subjecting
those elenents to the dg-axis conversion, the following formula (21)
is obtained. Ildeidp Idn Iq lgp Ign The

posi ti ve- phase- sefibeic&he|vagephd 29, veld@gea (Beafoetmil ae(Dlf the
corresponds _to the DC conponent, and the negative-phase-sequence
vol tage (el 8RT®EYA 48 ApBnaR P Ehe At @ obPBnEst- 2 X hEr EFUFEe TS g%,

30 possible.tq extract the pasitiye-phase-sequence voltage (eidp,
el gp amjthgo%%ﬁfﬁﬁg gggé;%u&ﬁgg P8 e tablished:

ey coswt cos{wt-2n/3) cos(wti2n/3)|le,
e |= Z|-sinot -sin(et-2x/3) -sin(otr2n/d|ley| - (18)
5 €1z l 1 1 €1
When the centroid vectors (eza. e€2n, €3c) of the
formula (15) are subjected to the dg-axis conversion,
following formula (19) is established:
€ 5y coswt cos(wt-2n/3) cos(wtt2n/3)||e,,
€ 5 = 2|-sinwt -sin(wt-27/3) -sin(wt+27/3) € g,
€1
= €1 -+ (19)
10 0

The d-axis components e;gq, e€a, and the g-axis
components e;q, e;q after the dg-axis conversion,
expressed by the formulas (18) and (19), are not

15 influenced by the zero-phase-sequence voltage e,
expressed by the formula (14), and the values of the
d-axis components are equal to each other, and the
values of the g-axis components are equal to each
other.

20 When the formula (19) is employed, which is

obtained by subjecting the formula (15) to the dg-axis
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voltage (eldn, elqga), according to the frequency separation.

This frequency separation can be perforned by using a band pass

filter or a low pass filter. By way 5 of exanple, the

posi ti ve- phase-sequence voltage (el dp, eicip) can be extracted by the
| ow pass filter, and (E pntosa, Eipnsina) are acquired. In addition,

t he negati veophegesdequentbevof oaga Yl b5 Jei gup reans begextract ed by
subtracting the positive-phase-sequence 10 vol tages (eldﬁ eicip

bei ng extradféd; AR EFMAMESot Lgiendo Lt aAaISs (favinGrbeehcs b?‘é‘éﬁlédl@ﬂi) at
t he dg-axis _conversion, and (Ei nptos(20t + fin - Ei_nnsi n( 2cot +f|n_2o

are acquirefl "Cs41? %emﬁﬁgn Rpbng) oclktthrT‘e S?Fn]é’Jn%aEBr i POPk
Is 15 assu i SPF &Scbntlf?fhg%e Beed alec%?tﬁl r{%ethe line

p05|t|vephase sequencé Vol Tage rand- hase’ an

negatlV%ph@%a_tsa?ge@ncaetveh@agf%eaf%@ma' £ G 5{1{:6'%/599@”%%

formula (22) and The fornmula I gpi el dp

fin-2C0s -vhandé atdMei@)y1é28kasurement TP®ints of time
negat i ve- phase- sequence voltage en, is expressed by the fornula (25)

and the formula (26) i25tacoer dmagetdo thetf adrfrutae 28y Cc AedPEol is
El antos(w + a) + Ei bncos(wt + a + 2p/3) +Eicncos(w + a - 2p/3)-(24)
5 performed by using the formula (19), the zero-phase-
sequence voltage e;, does not appear in the formula (19}.
10 Therefore, the zZero-phase-sequence voltage e;, is
calculated by using the positive-phase- segquence
voltage and the negative-phase-seguence voltage.
Calculation of the zero-phase-sequence voltage e,
will be described in the following (83).
i5 Next, symmetrical component voltages (positive-
phase-sequence voltage, negative-phase-sequence
voltage, and zero-phase-sequence voltage) are
obtained from the d-axis component e;q4 and the g-axis
component e;;, which are acguired by the dg-axis
20 conversion (54).
(Calculation of the symmetrical component voltages)
Hereinafter, with reference to the flowchart
shown in FIG. 4, the calculation of the symmetrical
component voltages will be explained.
25 As to the wye~-phase voltages (ei1a, €1p, €1c) which
are 1202 out of phase with each other, when the

positive-phase~component voltage is assumed as €1p .

the negative-phase-sequence voltage is assumed as e,
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In addition
formula (27

, the zero-phase-sequence voltage el, is expressed by the
): 2 { 2Elbm{Elam_-(Elb +E )1+(-El 2 )1 cos(cot+a-ck') (2

7) m2lcncm 10l n the fornmul a above, according to the relationship

that: Elora
rel ati onshi
phase flI" o
follow ng f

10

15

20

2b

30

= Enmf In=a+f flo=a- f', 15 the follow ng
pis found: flo = 2a - f1- (28) Therefore, the
£ 0dh& he ze Phadd ateuRcl ¥dlLLay® et agesisxpsssveedby st @ieo .

ornul a (29%:
he wye-phase voltages (ej1a, €1b, €1¢c) are expressed by

the following:

€1a = €1p + €1n + €34

e = e1pre I 4 e eI?P/3 4 gy,

e1c = e1pr e’ 4 e e I3 4 gy,

€1a = EjpmCos(wt + a) + Eijppcos(wt+ £i1,}) + Eiomcos(wt +
f}.o)

@1y = Ejpmcos{wt + a - 2p/3) + Ejgpcos{ot + £i, + 2p/3)
+ Eigmcos(wt + fi1,)

€3¢ = Eipncos(wt + a + 2p/3) + Ejigpcos(ot + £1, - 2p/3)
+ Ejomcos{(ot + £1,)

(20)

By subjecting those elements te the dg-axis

conversion, the following formula (21) is obtained.

€1d € 1dp N € 1dn
€ lq e 1gp € lgn
FoﬂZwt+¢m)}

_ cos a
T Tlm|sina I l-sinQot+eé,)

H

e (21)

The positive-phase-sequence voltage (€1ap. ©1qp)
in the formula (21) corresponds to the DC component,
and the negative-phase-sequence voltage (ei4n. €1gn)
corresponds to the AC component. Therefore, it is
possible to extract the positive-phase-sequence

voltage (ei1sqp, €14p) and the negative-phase-seguence
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20f1, = 2wt, + 2tan-1(eigp/eicip) + tan (eivieldn) - (29) ($43)

The anplitude El om of the zero-phase-sequence voltage el, is
expressed by the follow ng, according to the negative-phase-sequence
voltage (eldsign): 25Eton, = (elan2 + elcin2 )1/ 2- (30) (S44)
Therefore, the zero-phase-sequence voltage eia is expressed by the
foll owi ng: Zolypage (il ®nd.sig@cprebbigottor the) £regupnEas)
Accordingly, the e- phase voltages (ela, elb, 5 el0) which are 120Q
out of phas@®H3h2edd ot her are expressed by the follow ng formul as

(32) to (34): eiarg (Pap o Ridnty BS9930 8 899 %2 S/ L D)
using a band pass filter or a low pass filter. By way
5 of example, the positive-phase-sequence voltage (ejap,
€14qp) can be extracted by the low pass filter, and
(Eipmcosa, Eijppsina) are acqguired. In addition, the
negative-phase-sequence voltage (e1an, €1qn) can be
extracted by subtracting the positive-phase-sequence
10 voltages (ei1ap., €1qp) being extracted, from the original
signals having been subjected to the dg-axis
conversion, and (Ejgrcos{(20t + £1,), ~E1npsin(20t + £14))
are acguired (841, S542).
When the clock time of the measuring point is
15 assumed as "ts”, the phase angle a of the positive-
bPhase-sequence voltage and the phase angle fi, of the
negative-phase-segquence voltage can be obtained,

respectively by the formula (22) and the formula (23):

20 a = tan"'(eiqp/€14p) w (22)

Fin = -20tg - tan_l(elqn/eldn) w (23)
The negative-phase-sequence voltage e;, is
expressed by the formula (25) and the formula (26),

25 according to the formula (24):

3€1n= E1ancos(wt + a) + Ejpncos{wt + a + 2p/3) + Eicncos(ot

+ a - 2p/3) w(24)
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(32) 10 ,. en = (ebc - eab) /3 + (etab2 + ei"2)1/2cos(cat + flo)
. (33) el. =(e., - eb.)/3 + (eid.2 + eig.2)"2cos(cot + f10) 15...
(34) Next, the zero-phase-sequence voltage conpensates for
t he unbal anced vol tages and si nul taneously the PFC control is
performed (S5). 20 Then, the wye-phase voltages (eia, elb, ele) are
obt ai ned, which are 120Q out of phase with each other and on which
t he unbal anced vol t age conpensati on and the power factor control have
been performed (S6),/and g cont r ol IS genenated for
control ling the, 25— iE?ag gﬁ(ﬁﬁmwg (E ~Baskedees( e opt)ai ned 2 5)
wye- phase vol tages '3 72) Con i‘guration exanpl e of
unbal anced vol t age conpensator] Next , mnth reference to
FIG 7, a nore detailed 30 0&nf ura gg e anple wi |l be expl ai ned
regard| ng the unbgl,gnga%dl voIEag donpemsat or of the Péeﬁs)ent

E lam (E ibm lcm)

5
In addition, the zero-phase-seguence voltage e,
is expressed by the formula (27):
_ 1 2 (s 2 ,
€1o” g»\/{ lam (Elbm lcm)}+{7(E1bm_Elcm) COS(G)'E“’O:‘(b ) (27)
10 In the formula above, according to the

relationship that:

Eiom = Einnm

f1n a + £’

£io = a - £,

15 the following relationship is found:

£i0 = 2a - £, «“ {28)

Therefore, the phase f,, of the
zero-phase-~sequence voltage e;, is expressed by the
following formula (29):

20 £i, = 20ts + 2tan"'(eigp/e1ap) + tan '(eign/€14n) o (29)
(543)

The amplitude E;o,n of the zero-phase-sequence

voltage e;, is expressed by the following, according

to the negative-phase-sequence voltage (eian, €1qn):

25 Eiom = {(€1an’ + €1q0°)™% .. (30) (S44)
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i nvention. In the configuration exanple of the unbal anced
vol tage conpensator as shown in FIG 7, simlar to the schematic
configuration as shown in FIG 2, the 5 three-phase AC power source
100 supplies the three -phase AC power to the three-phase converter
200, and the converter subjects three-phase AC vol tages of the
t hr ee- phase AC poldenefphe P sore sbba - sbiaien O€ volttages eandi-s
outputs the DC voltage to the DC | .oad 10300. The unbal anced
vol t age confFérR%BesF el 0Pyt fd dr E€drkO¥AP@nti on is provided with the
centroid vector operation unit 1Q .fey obtainjn e-phase_val t ages
e2, , e2b, eZ,e)“’erO Gen df S Dine 98|Sta(a‘bEsg(\é\‘%/1,°) eb,??’&ga) 1(556%)
the distribution Line . ee--phase. bal ed..v ages ..eb, and e_,
the synmetric coolLfkgi%noalgg'[Lgl he%theca‘?.g%f ?%%guﬁ’ie?lg%gfeosr (815, Sens.
cal cul atg ng et N egrphage ahal ansge Wt eBESYWHRLEL GAlt fOIRUE W ther are
vol tages (el dp, eigp, eldn, elgn) fromthé we-phase voltages (eZ2,,
e2b, 20 e20kxWt&Bs¥® ©Pt dinedribn 1deiaent# @rfuvess o 3gper abi qrs 4.
and the adder 30 for form ng a conpensation signal for conpensating
for the unbal anced voltage of the three-phase AC voltages and
subj ecting ehe #hieasphase. AT Yokt dgesnto + he K 25 cosversi on f;q)
generate a control signal for outputting DC voltage, and those threg2)
el ement§ constitute the unbal anced vol tage conpensation unit. The
unbal anced vol t age conpensatoy. 1 of the, present,ipyention jis
provi ded wi teﬁ"tﬁe??&ﬁstan?abc)tﬁ?eﬁt (SHfer o driae Ao an‘aotsﬁén{év& dge’
power operation unit 50 for performng the PFC control. In addi t-+ oh33)
on the distribution Iine, the input side of the
€1c = (@ca = epc}/3 + (eldnz + €i1qn rcos{et + £1,)
15 w (34)

2)1/2

Next, the zero-phase-sequence voltage
compensates for the unbalanced voltages and
simultaneously the PFC control is performed (S5).

20 Then, the wye-phase voltages (ei1., €1p, €1c) are
obtained, which are 1202 out of phase with each other
and on which the unbalanced voltage compensation and
the power factor control have been performed (S6), and
a control signal is generated for controlling the

25 three-phase PWM converter based on the obtained
wye-phase voltages (ei1a. €1pb, €1c) (S7).

[Configuration example of unbalanced voltage
compensator]

Next, with reference to FIG. 7, a more detailed

30 configuration example will be explained regarding the

unbalanced voltage compensator of the present
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5 three-phase PWM converter 200 is provided with contact points 61

for detecting the line voltages, sensors 63 for neasuring a current
val ue, and AC reactors 60. Furthernore, the output side of the

t hr ee- phase PWM converter 200 is provided with a contact point 67 for
10 detecting DC voltage, a sensor 65 for nmeasuring DC current to
detect the P&WAREA§& - and a capacitor 69 for output snoothness.

On the input side_of the three-phase PWM converter, the contact

poi nts 61 are(XH%BCF@PtSoaﬁ%$kr9&%%ﬁeeﬁ?%%%€cﬂﬁ %Qe AP ghanced

i ne vol tage qﬁi ector 62 maas?es the .line vol
0

t hr ee- phase Vol tages® o 2R gﬁaﬁsﬁ%wgoﬁﬂe%?g%sto agjclﬂﬁl@rﬁ to the
f. th
det ect or %&ggcc ﬁ@&aggﬂg%a%rn SRS RS iep gl ient Qhd he

t hr ee- phase VO tron put side o

three- phaser nP\WA Cgﬁ\é&..ré eﬁcz%wérvg d@geelet @6t A fiS1h s LOPRBCHEH-LQ
the contact point 67, and thé voltage detector 68 neasures the out put
voltage. In-atdidéOonC HBHSENSOrthe th reNNphlafe tO@cAVvRW &8t 200, and
detector 66, and the 25 current detector 66 neasures the output
current. the cHrevehtes: phalsgeAQ pavierescipiteseuhfutvd T hages of the
t hr ee- phase i nput power, the voltage V, phase, voltage Vb phase, and
vol tage V, phase- E‘h@%l%ﬁgES’W b, thearRWY, camer e espaot | vel gbttlsein

phase vol taﬁes of  the a-phase, b-phase, and c-phase. The cont act
poi nts 61 hB¥e Vet p8ent 27 2UEBNtshthenPsc v ERSG itRI Yhdi PR e d
a- phasel lin b- phase line, and c-phase line. The 5 sensors 63 are

i nstall ed rggp?ecti vely on the a-phase |i ne and on the c-phase |ine,

and t hose sensorsrggt%ﬁibéga'n;}ﬁé% Wiehhe ors cérhﬁ%qlsfc{?g‘r”ﬁ“ QF) fhe

t hr ee- phase AC power source reac are respec

provi ded on E@%é"x‘i{?hﬁﬁﬁelﬂf‘fmnblgrﬁ‘fgvlﬂd@d vﬂfggctﬂgaégnlﬂf'@ldLQe%Q:or

as to bIock hi gh- frequency current g-axi s converters 81
82, 83, andogéxaielahoundaﬂ1f00foc;:oemratiﬂﬂnfgrﬁ@érﬁﬁas@%ﬂ@agé@, (€2a,

axes, or fromtwo axes to three axes. The dg-axis converter 81
converts the:yyeephastrunl eagas ¢£28heb2t)nee@Bltages (eap, €pes Cca)
15 of the distribution line three-phase balanced voltages
€a, €p, and e., the symmetric coordinate component
calculation unit 20 for calculating three-phase
balanced system symmetrical component voltages (e1ap.
€1qps ©1dn, €1qn) from the wye-phase voltages (ez., €35,
20 €.} which are obtained in the centroid vector
operation 10, and the adder 30 for forming a
compensation signal for compensating for the
unbalanced voltage of the three-phase AC voltages and
subjecting the three-phase AC voltages to the PWM
25 conversion to generate a control signal for outputting
DC voltage, and those three elements constitute the

unbalanced voltage compensation unit.

The unbalanced voltage compensator 1 of the
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15 obtained in the centroid vector operation unit 10 into the d-axis
voltage eld and the g-axis voltage eig, the dg-axis converter 82
converts the biaxial negativephase-sequence voltages (el an, etc/a)
into the triaxial negative-phase-sequence voltages (el an, elon,

el en), the 20 dg-axis converter 83 converts ia, ib, and i, obtained
fromthe cuPfEriedét ecroengomt & st lrrdvaded cudrtdnt the amnsiient
g-axis current ig, and the dg-axis converter 84 converts the biaxial
posi ti ve- ph&d-Keflered bt dpdt (48R d WP aY§rage P AR congraftion
current 25 control .i erformed, .into the triaxial L
posi ti vephad&se %ﬁﬁ%g B %Em&ﬂgnﬁh%l%%c godpyrel. Injgddition,

centrord velror Beoras ba 148 TERE nidie s RHTE b rabo tne

centroid vector ‘opera ased

vol tages; (2 £20pneR03 MPAlHEG it 41 68N LA oVAUO8 PPERALLA act

unit 10, a synchrohous signa i's generated to synchronize t

dg-axi s conpeyitipf§ 81, £8% EEeB83.imdNenthleerdPRASPLaQUE! t8En2-4 S6 3
provided with a three-phase PWM circuit 200a, and a three-phase PW

pul se gener &oar ROABYwingererabiree mptl s@i1signabhd oacortdDttbkes 60.
operation of the three-phase PWMcircuit 200a so as to performthe
PWM cont r ol FuTheh e nmeerohadd €l 0o Pbluiul sgdgenef atare 200bekorpiBatlkee PWM
pul se signals based on the phase voltages (Vvd, Ve, Vf) generated by
t he adder 38°TTHertRredPhate vacﬁi@gi Vidipa mgnpadiormedndf 647 for
bridgeéﬁ%rc it, bein% made up of a switching elenment for instance,

I

and t he'pul 88 I GhaPF cdht 8111398 FFEPETE | B of O Fh&eAF HERING DC
cherent, L NBoe ST G et M GRS ace  anBoh FRIR gt
made up of 2or output smoothness.
On the input side of the three-phase PWM converter
the contact points 61 are connected to a line voltage
15 detector 62, and the line voltage detector 62 measures
the line voltages of the three-phase voltages. The
sensors 63 are connected to a current detector 64, and
the current detector 64 measures the current of the
three-phase voltages,
20 In addition, on the output side of the three-phase
PWM converter 200, a voltage detector 68 is connected
to the contact point 67, and the voltage detector 68
measures the output voltage. In addition, the sensor
65 is connected to a current detector 66, and the
25 current detector 66 measures the output current.
The three-phase AC power source outputs the
three-phase input power, the voltage V, phase, voltage

Vy phase, and voltage V. phase. The voltages V., Vp,
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sem conductor switching el enent such as an I GBT 20 (Insul ated Gate
Bi pol ar Transistor) and a di ode, and each gate of the sem conductor
swtching elenent is controlled ON and OFF, thereby converting the
t hree- phase AC power being inputted into DC power and outputting the
DC power. 25The capacitor 69, the sensor 65, and the contact point 67
are provi de@dnch Yheawgt pue spiedet Dy efllye theeplphase veohveagteer @60 .tHEhe
capacitor 69 snoothes the DC voltage outputted fromthe three-phase
converter ZG(TPhI‘%ﬁesel*PS“d?hQE%Saél W TRhe ssensofhipor oddt@e ti pg itthles BCL

out put current is outputted fraomthe three-phase converter 200,
and a curreﬁ‘fEl oeet ?&O%Btﬁetté’c?§t§‘%%ﬁﬁé‘nf3°\?aﬁ%%t H%SWQF&VB@Y with

5 bl
contact v t B BEsE e N nB FheRe diniel iEt SekAs et S50, Bhe
the vol tpgegdetegtar 66.’.8 AL e?h% 2 VoL zag %%’ﬁ%?%%{p&l f otnhetl"[%: QU%,QH}_se

vol t age. Herel nafter, each uni bal'anced vo

10 conpensatamd 4% &l oRer REPhaigieds o el n%ﬁ/@'ﬁﬁgsedgfeerpé&fsﬁaetect
detects |line voltages (eab, ebc, eca) of t'he three-phase AC i nput

vol tages at Athengant acirpehit Endpht 786 ££6k 0he YAEi - PRI RA pWdr
10 cal cul ates and obtains the 15 centroid vector voltages (e2a, e2b,
e20) fromtheurnae.voltioygds (madbetebrs @t rdetrestpctavidiey Ipnevided
vol t age detector 62, and the obtained centroid vector voltages (e2a,
e2b, e20) aP& (4 asPOARE | tinieng Bt phalse f biniehe phdse -wdiaaged i(ne,

el, , el), elc whi ch are 120Q out of phase
10 S0 as to block high-frequency current.

The dg-axis converters 81, 82, 83, and 84 are
provided for converting from three axes to two axes,
or from two axes to three axes. The dg-axis converter
81 converts the wye-phase voltages (eza, €2n, €3c¢)

15 obtained in the centroid vector operation unit 10 into
the d-axis voltage e;q and the g-axis voltage €4y, the
dg-axis converter 82 converts the biaxial negative-
bPhase~sequence voltages (eign., €1qn) into the triaxial
negative-phase-seguence voltages (€1an, €1bn, €1cn) ., the

20 dg-axis converter 83 converts i,, i,, and i. obtained
from the current detector 64 into the d-axis current
14 and the g-axis current iy, and the dg-axis converter
84 converts the biaxial positive-phase-sequence
voltages (vap . Vg °) after the constant current

25 control is performed, into the triaxial positive-
phase-seguence voltages (€1ap, ©ipp., €i1cp) -

In addition, a synchronous signal generator 70

is connected to the centroid vector operation unit 10,
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20 with each other. The dg converter (conversion from

t hr ee- phase to two-phase) 81 converts the centroid vector voltages
(e2a, e211/ e20) obtained in the centroid vector operation unit 10,
into voltages signals (eld, e2,4) of 25 the d-axis and g-axis (two
phases). The %ynchronous signal generator 70 uses the centroid vector
vol tages (e28 9 eBBSeD 0T ot n¥Y & TP RAE ec it F §iPI VR cf Graopéraati cec)
unit 10 to % qfrate t he sgﬂchronous s%%nal "s". The dg-axis

conver si on ?P #EDEG ddhvERPeret B he eohAdctRP baddP BnupAE 10, 2
formula (21 ribed ve. «The .current detector 64 uir.es

det ecti on SEﬁ%gﬁg%o?@%hsefggp?ﬁ'ases and g.eﬁh%lég%&ﬁf itnopﬁty%gﬁgé’ﬁ]tl,ze the
which are delfctedsby:dhge3aN5PES 83, gRd agngrates signals (ia, ia,

ia) of the three-phase ACinput current. ‘The current detector 64

generates the threaephaseefCinadl WHAeBL dAN2LD bys Upe, {8ak thertn
total sumof 10 the AC input current of the a-phase, b-phase, and

c- phase becanthes ophEhes efWMeciifchiti 300enf i guaed sueted hphadle PWM
| east two AC input currents out of the a-phase, b-phase, and c-phase
are detectepulispugeagrants @0 dhef bhr ge phasdsi xanphd saxqui.gadls to
15The dq converter (conversion fromthree-phase to two-phase) 83
converts th&ohreelphdse orergfutoBupfetnaighzles {Rhase PWM circuit
detected in the current_detector 64 into a d-axis

current i R0 RS &% PSR TENEAS: Bilth COPETTY) (6 JiRise) phase
pz)g-srih'?i \%@gﬁgygfggl %%L%g%}%ﬁfag %ngﬂt{) bc%locfjlksatgﬁezgullss é)rsoz'yglﬂng. svmbtahs gd
on the phase voltages (Vqaq, Ve, V¢) generated by the adder
30. The three-phase PWM circuit 200a may be formed
of a bridge circuit, being made up of a switching
element for instance, and the pulse signals control
15 ON/OFF operation of the switching element, thereby
rperforming the PWM control.
For example, the three-phase PWM circuit 200a of
the three-phase converter 200 may be made up of a
semiconductor switching element such as an IGBT
20 (Insulated Gate Bipolar Transistor) and a diode, and
each gate of the semiconductor switching element is
controlled ON and OFF, thereby converting the three-
phase AC power being inputted into DC power and
outputting the DC power.
25 The capacitor 69, the sensor 65, and the contact
point 67 are provided on the output side of the

three-phase converter 200. The capacitor 69 smoothes

the DC voltage outputted from the three-phase
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cal cul ator 21, a negative-phase-sequence voltage cal cul ator 22, a
flip calculator 23, and a zerophase-sequence vol tage cal cul ator 24,
inputs the 25 voltage signals (eld, end of the d-axis and g-axis (two
phases) converted by the dg converter 81 (conversion fromthree-phase
to two-phase), and cal cul ates the positive-phase-sequence voltage (

el dp , el gpFenvertraydtlVe- plihsessomsemcé Svdls agecfelramt eignpormarfibr
the zero-phase-sequence conponent voltage (el0), which are

symet ri cal 9€5ROReMT Fha MfeLutputhevudiepetiehhbdndd portrpbtedErom

in the d-axis 5 ,voltage.ela and in the g-axis voltage eig obtained b
subj ecting ERE EaHS BT PRAREOT OPIATHET 299 - Y A FYTES Thel ARSHE

ion, .th t | , Ei i i val ent t
convers! on, g COMENSIL s o0l DIFRSE 5 & RIELAY b2y 8, S HALERL L0
10 (Ei nrgosgapwt &bﬁh%bt'ﬁ?&ﬁ%n@%M%g'E'gwiﬁ?et$q@§§%3ﬂkéﬁ)égﬁtact
negat i ve- phase- sequence voltages (elan, &l cin). Therefore, 1t IS

possi bl e t owaxiH agchet D& RASEHLFERNASE- S@AUANC e NPlAgSR a6?) HbnebsRer
and the negati vephase-sequence voltages (elan, elga) according to the

15 frequencgolepasati arhe The Iposyki B phaserseqoentet ¥ekisage voltage
calculator 21 is capable of extracting the positive-phasesequence

vol t ages (s¥vagduei Eup) olfy Wse ng§Ca dahgudassoflitlaes .or a | ow pass
filter. In addition, the 20 negative-phase-sequence voltage

cal cul ator 22 subifZ&isn2£6@T he dPhgrpalt sifghdles wibed anredgratitage

conversjon, the positive-phase-seguence voltages (el dp, elqgp)
extracted if° %ﬁ§iHQQeEde§els GuetR1#dIt2Pe cal cul ator 21,

thereby extracti ngyLhy 29.negat i XEPNASEIGHIENES PLLEEES Line
voltages (ean, €ve, ©ca) OFf the three-phase AC input
voltages at the contact points 61. The centroid
vector operation unit 10 calculates and obtains the
15 centroid vector voltages (e3a., €31, ©2c) from the line
voltages (eab, €pc, €ca) detected in the line voltage
detector 62, and the obtained centroid vector voltages
(eza, €20, €2:) are used as substituting signals for the
pPhase voltages (ej1a, e1», €1c) which are 1202 out of phase
20 with each other.

The dg converter (conversion from three-phase to
two-phase) 81 converts the centroid vector voltages
(e2a, e2b, €2:) obtained in the centroid vector
operation unit 10, into voltages signals (e1a., e14) OF

25 the d-axis and g-axis (two phases). The synchronous
signal generator 70 uses the centroid vector voltages
(ez2a, e2p, €3c) obtained in the centroid vector

operation unit 10 to generate the synchronous signal
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As descri bed above, the zero-phase-sequence voltage el, can be
expressed by the formula (31), and the phase f10 of the

zer o- phase-sequence voltage elo is expressed by the fornula (29). The
anplitude El om of the zero-phase-sequence voltage en, is expressed by
the formula (30). 5Then, the fl, calculator 23 uses the positive-
phase- sequenée vol Thge det dpiseiedpy earsll 0he bieghhievebhasensezménge 81
vol tage (elan, elgn) to calcul ate the phase f10, and inputs the

cal cul at ed PRdsE@E O dwe tedt bafrd R dfvencer Psikade? bal&sdr 9eriped
Then, the 10_zero-phase-sequence voltage cal cul ator 24 uses the phase
cal cul ated BY X2 f1, calculator 23 and the negative- phase- sequence

vol tage (el dn, en.&.ﬂ ZC&%%%% ttedd§¥éch§09e%a4t i‘:}l/g- %Ealﬁgéz_ %Teggga‘l?éhce

vol t age cal cul at or ereby obtaining the zé P

voltage £10gignals 0?1%1{)83&%‘1‘?% agqeS el %%eV%éagﬁﬁéfL%Prrent ,

eicip) calculated by the positive-phase-sequence voltage ca at or

21 are subj gatiesht arlhascpastiadd py ek seMdObsi B3 heagand@itrates
current control unit 40, and 20 the two-to-three axis conversion in

the dp convsiiteraB4 copyerf s ith)eowokhgeh rew ophlies §asC tiveuphagerent .

sequence voltages (V18p, Vibp, 1710p) respectively associated with

t he positi vEhghasersequenbet eoltagess ( geam retkp, Bleprhraw-phase AC

thereafter those voltages are 25 inputted in the adder 30.

The negat i véRFibseCY&FREhEesd@naY8sPyefls hndeitddt chheultaeali sumheo £

negati ve- pha e-seguence vol tage cal cul ator 22 are converted from

two- axi'd t ot ¢ input current of the a-phase, b-phase, and
c-phase becomes zero. Therefore, if it is configured
such that at least two AC input currents out of the
a-phase, b-phase, and c-phase are detected, input
currents of the three phases can be acguired.

15 The dq converter (conversion from three-phase to
two-phase)} 83 converts the three-phase AC input
current signals (i,, ip., ic) detected in the current
detector 64 into a d-axis current signal and a g-axis
current signal (i, iq) (two phases).

20 The symmetric coordinate component calculator 20
is provided with a positive-phase~sequence voltage
calculator 21, a negative-phase-seguence volftage
calculateor 22, a £, calculator 23, and a zero-
phase-sequence voltage calculator 24, inputs the

25 voltage signals (e1a., e1q) of the d-axis and g-~axis (two
bPhases) converted by the dg converter 81 (conversion

from three-phase to two-phase), and calculates the

positive-phase-seguence voltage(eiap, €1qp), the
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axis, and after converted into the negative-phasesequence vol tages
(el”, elb", e lOn), thereafter inputted into the adder 30. The

zer o- phase-sequence voltage el, calculated in the zero-phase-sequence
5 voltage calculator 24 is inputted to the adder 30. The adder
30 adds the inputted positive-phase-sequence voltages (171", WV bp/

VI cp) / theDggtt iVephassesairdied ol vaddsagel (e1eh, . €1edhn pnd dnde
the zero-phase-sequence voltage el., and then outputs 10 the phase

vol t ages (eZe%P TPEASE TRESNHNESC OBPCRRBL(Ea L tage dig1adre Wdiigpalare
after the unbalanfgépo ensation and thgﬁconstant current control are

perforned. TRERH s& BT BEMtY of © piiBE® Gener at or 200b of the
- | | . Si | ;
(e Phese ot coqvetioL 2 1o, sngtghop coll L4 o o0 3 .

control the three-phase circ € 'phase "vo ges

(ea, e.,5ef}oitage eHgr aMATLLT thdN LxPLARAL DL WJd De MAfE g5 d® by

the configuration for the constant current control.” 20 1% order to
per form t heso®pé 8RL eIt I@At ce@t ¥ Ok a0k ddeo khiee-hgse (RW, e,,, e,.)

converter, it is necessary to know a rel ati onal expression between
the input powethandqgt-leeci sptdnveltsgen ,Ashehponcompidies helsl OBLfgcosa,
space vector |, 25 represents the a-phase current i, according to the
posi ti ve- phBsgnSég@encereuraanivadpnt ute 'pheampd s héive-phase-
negat i ve- phase- sequence current anplitude I.., and the formul a bel ow

i s establisfA&fuence= YohERmeB) (f1hnnef+B) ) . HB5) AGn e oftedrt s
hand, tQF a-%hase-seqyence vol t age . .

1 (Einmcos (20t + £15), ~Ei1nnsin(2ut + £1,)) are equivalent
to the negative-phase-sequence voltages (eign., €1gn) -
Therefore, it is possible to extract the positive-
phase-seguence voltages (eiap., €14p) and the negative-
phase-sequence voltages (eian, €1qn) according to the

15 frequency separation.

The positive-phase-sequence voltage calculator
21 is capable of extracting the positive-phase-
sequence voltages (ejgqp., ©1qp) by using a band pass
filter or a low pass filter. In addition, the

20 negative-phase-sequence voltage calculator 22
subtracts from the original signals after the dg-axis
conversion, the positive-phase-sequence voltages
(eiap, €1qp) extracted in the positive-phase-seqguence
voltage calculator 21, thereby extracting the

25 negative-phase-sequence voltages (Eimncos{2et + £i,),

As described above, the zero-phase-sequence

voltage e;, can be expressed by the formula (31), and
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5 el, expressed by the fornmula (20) is converted into the space

vector Via, and when the input power Pi, is obtained, the follow ng
formula is established: 3 Pin =P+ jQ =l a* =3{E1lPme | (cotta)-F Ee
m (cot+0 in)' pme-i(cot+B)+e j(cot+an)} 2 In = -3{EIPmPmI e

i (a-B)-F Elnmlem (olican) 2nm+ E 1lpmnne j(20tta+an)-F EInmI| pme
m (2(r)t+49the3)pRapel O Af taf the zzevocwhast-confrehds peidfteroedeo
t he negative-phase-sequence current | fin becones zero (Inmo, = 0).
Under the cofdieiRReEFRA "y the fopmudgy €29 )i.n (THee | aped Ponde Bipn

15 are further expressed as the
fe>c()|p|r g\?visﬁg' bé ttg%ef %renfjé?pi'x?’@e geaqueence voltage e;, 15 expressed by

the formula (30).

5 Then, the f,, calculator 23 uses the positive-
Phase-seguence voltage (eiqp. e14p) and the negative-
phase~-sequence voltage (ei1an, €i1qn) to calculate the
phase f;,, and inputs the calculated phase into the
Zero-phase-sequence voltage calculator 24. Then, the

10 zero-phase-sequence voltage calculator 24 uses the
phase calculated by the f,, calculateor 23 and the
negative-phase-sequence voltage {(e:ian, ©1qn)
calculated by the negative-phase-sequence voltage
calculator 22, thereby obtaining the zero-phase-

15 sequence voltage ei,.

The positive-phase-seguence voltages (e1ap: €14p)
calculated by the positive-phase-seguence voltage
calculator 21 are subjected to the comnstant current
control in the constant current control unit 40, and

20 the two-to-three axis conversion in the dp converter
84 converts the voltages into the positive-phase-
sequence voltages (Viap, Vibp, Viep) respectively
associated with the positive-phase-sequence voltages
(ei1ap, ©1bp. €1cp}, and thereafter those voltages are

25 inputted in the adder 30.

The negative~phase-seguence voltages (ei4n, €1gn)
calculated in the negative-phase-sequence voltage

calculator 22 are converted from two-axis to three-
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P =v sdpiedp +e qp eqp + cos2 co t( v edniedpV e"ieqp) 2 + sin2 cot (
vagnl edpV edni $0) (3 7) Q = -3 vqpi sdpedpi egp + cos2cot (v gndpedni e
) 2qP - sin2 cot ( vdniedp + v eqnieqp) ( 38) Here, the follow ng
is to be noted: edp El pnCOS a,v cm = Elpnmsin a edn = E Inncos 49
In"v eqn = -Elnmsin cb In (39 i edp =1 pnCOS,i eqgp =1 pmsin
axis, and after converted into the negative-phase-
sequence voltages {(ei1an, ©1ibn, €1en), thereafter
inputted into the adder 30. The zero-phase-seqguence
voltage e;, calculated in the zero-phase-sequence
5 voltage calculator 24 is inputted to the adder 30.
The adder 30 adds the inputted
positive-phase-sequence voltages (Viap, Vivp. Viep), the
negative-phase~sequence voltages (€1an, ©ibns ©1cn), and
the zero-phase-sequence voltage e;,, and then outputs
10 the phase voltages (eg, e., ). These phase voltages
(ea, e., €er) are signals after the unbalance
compensation and the constant current control are
performed. The three-phase PWM control pulse
generator 200b of the three-phase PWM converter 200
15 generates control pulse signals to control the
three-phase PWM circuit 200a based on the phase
voltages (egq, €o, €£).
Hereinafter, an explanation will be made as to
the configuration for the constant current control.
20 In order to perform the constant current control of
the three-phase PWM converter, it is necessary to know
a relational expression between the input power and
the input voltage.
As shown in the following, space vector I,
25 represents the a-phase current i, according to the
positive-phase-sequence current amplitude I,n and the

negative-phase-sequence current amplitude I,,, and the

formula below is established:
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As for Pi, in the fornula (36), when the average val ue power control
and the zero control of the 5 negative-phase-sequence current are
performed, the term"2wt" in the formulas (37) and (38) can be
elimnated. If the average val ue power of P and Qis assumed as
"Pave" andthe following fornmula is obtained: P _ ee vvl <IPP Q- 2v
- Vv ei avee

I. = Ipnedl0t*8) 4 71 e 3(et+68) w (35)
On the other hand, the a-phase-sequence voltage
5 €12 eXpressed by the formula (20) is converted into the
space vector V;,, and when the input power Pi, is
obtained, the following formula is established:
P. = P+jQ='§~V I
in ) la®a
:“S"{Elpmej(wt+a)+ Emme-j(mtwm)}{Ipme-j(wt+B)+Imej(wtwn)}
:E{E I _eile Bl g 1 g ilowin
9 Ipm ~ pm Lnm © nm
+ Elpmlmej(Zwt+a+ln)+ E1mzpme—j(zmt+¢1“+m} e (38)
10 After the zero-current control is performed, the
negative-phase-sequence current I,, becomes zero (Iun
= 0).
Under the condition that "Iy, = 0", "P” and "Q"
in the input power P;, expressed by the formula (36)

15 are further expressed as the following:

P = %{v edpiedp + vaqpieqp + cos:iZcu‘c(v*’dnie’dp + veqnieqp)
t Sinzwt(vgqniedp - lvednieqp)} e (8 7)
Q = —B—{ve i, - v° i® 4+ cos2wt(wv® _i®, - v, {i® )
2 qp~ dp dp™ qp qn= dp dn” qp
- sinZwt (v i + veqnigqp)} o+ (38)

Here, the following is to be noted:
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10--- ciPdp _clIP On the other hand, the average val ue power Pave
ave of Pi, according to the PI control is given as the follow ng
formul a, when a voltage conmand val ue i s assuned as Vdc*r

As for the current command values in the case where Qave in the
formula (40) is subjected to the zero control, i*r idc and gc*r
substitute for the curgentysterns 26 respectiygly injthe fornula (40),
and the following Pormi"4 i's est abl Pshed!™

e = e = —
Y “¢n Elnmcosqbln’ v qn E"111m

sing |, -+» (39)

- Lo )
1%, IpmcosB, 1% Ipm51nﬁ

As for Py, in the formula (36), when the average
value power control and the zeroc control of the
5 negative-phase-sequence current are performed, the
term "2wt” in the formulas (37) and (38) can be
eliminated. If the average value power of P and Q is

assumed as “"Payve” and "Qave”, the following formula is

obtained:
8 g e
ave 3V V|l e
Q. 2o veyllin,| 49
10 ave ap dp qp

On the other hand, the average value power Paye
of Py, according to the PI control is given as the
following formula, when a voltage command value is

assumed as Vgo .

k.
_ i . .
15 l:;ve_ [kpv+ Sv]('vdc*r vdc)+vdcldc cee (4 1)

As for the current command values in the case
where Qv in the formula (40) is subjected to the zero
control, ig. F and iq.'" substitute for the current terms

20 respectively in the formula (40), and the following

formula is established:
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-v.e i *rve' dp2dp4P = ‘'tr 13(Vedpt 2veqp 2) Vel - ve -- 41Pdp _

4P ave

10

15

20

(4 2)

ik ve v
ldD _ 2 dp b I:ve Ve (4 2)
sowr| g 3 e 3 g — .0

This formula (42) expresses current command
values according to the input power and the input
voltage. The output signals vap,"" and vy, '© according
to the constant current controel using the current

command values, are given as shown in the following:

k.
”dp*r:_[kp-l-us_z}(idp*r—id)+a’Liq+edp o (43)

k.
vq;r;“[kp+—§%(iq;f—ig—m];%+e@ e (4 4)

The constant current control unit 40 determines
the current command values based on the average power
obtained in the average power operation unit 50,
compares the current command values with the input side
current detected by the current detector 64, thereby
performing the constant current control over the
positive-phase-sequence voltage acquired from the
positive-phase-sequence voltage calculator 21, and
after converting the control values (Vﬁphﬁ ngq) being
acquired, into triaxial positive-phase-sequence
signals (Viap, Vibp, Vicp) by the dg converter 84, the
signals are inputted into the adder 30.

The current detector 66 acquires a detection

signal of the DC output current that is detected by
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This fornula (42) expresses current command val ues according to the

I nput power and the input 5 voltage. The output signals vdp*r and
vgp*r according to the constant current control using the current
command val ues, are given as shown in the following: k v dp = [k p+ s

( dp*r -
4) 10

d) +w Lqg+ e dp ( 43 k kp -si cipsr i g COL id+ e (4
thEhe egonetrand .candegenconttels anP€ d0tgeterorimesnttheignal

current command val ues based on the average power obtained in the
aver age powdrcopef&®d onckliagdsodedanphprss Ghededreehs GorM@n@ W abs

with the in%%h.side

10

15

20

25

tage at the contact point 67, and generates a DC
output voltage signal vge.

The average power operation unit 50 is provided
with a multiplier 51, a subtractor 52, a DC voltage
contreol unit 353, and an adder 54.

The subtractor 52 subtracts the DC output voltage
signal va. detected by the voltage detector 68, from
the DC voltage command value signal v4. ° which
indicates a certain constant voltage value set as the
voltage command value, and outputs a deviation signal
being obtained. The multiplier 51 multiplies the DC
output current signal i4q. detected by the current
detector 66, by the DC output voltage signal vac
detected by the voltage detector 68, and calculates
an instantaneous power signal Pg..

The DC voltage control unit 53 generates a DC
voltage control signal as a result of PI (Proportional
Integral) control for controlling the DC output
voltage signal va. to be a constant voltage value, £from
the deviation signal calculated by the subtractor 52.
The adder 54 adds the instantaneous power signal Pga.
calculated by the multiplier 51 to the DC voltage
control signal generated by the DC voltage control unit
53, thereby generating the average power signal P.

The constant current control unit 40 is provided

with a constant current command value generator 41 for
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15 current detected by the current detector 64, thereby performng
the constant current control over the positive-phase-sequence voltage
acquired fromthe positive-phase-sequence vol tage cal cul ator 21, and
after converting the control values (Vdp*r. Vgp*r) being 20 acquired,
into triaxial positive-phase-sequence signals (Vlap, Vibp, Vdcp) by
the dq convEEERTB8EINheCHIrdinR s SoMnaptt el kAo thbdaduersient
The current detector 66 acquires a detection signal of the DC output

current thafY9ir YREEPBE AheP EéneBr 65 4 Zh @R fe A uEE Faxe BatpR g

t si l,..id,. Th t d t 68 det ect t put
ol tage at “PREHSH Adoidin: M Chna ShroPAte 4 Bc BOESA. Vb AR
ol tage at Gefierdith &0 BHEER VI
multiplier S0 Sh cacrort Epo SR 0 PR o+ RpPE Rl "thlintina

adder 54  yaluedhe W rach O% 294 SUPLERGHS ddee Pe 10y u¥olihdge 424
signal vd, detected by the voltage detector 68, from 10 the DC

vol tage congenkwvaktes ai @rakivoutphitchiighdi Catgs* A Leatahs CONSHAM ¢
vol tage val ue set as the voltage command val ue, and outputs a

devi ati on stcgmatebh&i mprobreilnes tplue nuhtitpl4 2b gkmetlaitps ea gheaCs
output current signal id, detected by the current 15 detector 66, by
t he DC out pautmittagd Fighalvaewd, - det ected by the vol tage detector 68,

and cal cul ates an_j nst ant aneous power signal Pdc. The DC
vol tage control uhPlf sPHRherd sunrpRt GteBganchitdbresiggherasor 41

result .of PI gnProg rtional 29 Intﬁ.eg aI%3 contrgl for controlling, the,.
DC out put v8Ftat gP&nﬁllW fo®be éec HETHE T VvoP AR ¢ T kU eFr drhepher
devi at i i gned . t 52 4

the. | nst ant SfBoLls REioF SaThar® Fue TP Shng, pek e i 8 P aee

the DC vol t3g¢ 5 §aRidP] 5l onakagenel ated bint he PG ¥ald2084c0nif Q!
unit 53, thereby genérating the average power signal P.
positive-phase-sequence components of the d-axis and
g-axis voltage signals (eigp., €14qp) Which are separated
15 by the positive-phase-sequence voltage calculator 21.
The constant current control output unit 42a
performs the constant current control based on ig from
the dq converter 83 and the current command value
signal id;T, and generates the d-axis output signal
20 vap' ©. The constant current control output unit 42b
performs the constant current control based on the i4
from the dqg converter 83 and the current command value
signal iq;r, and generates the g-axis output signal
Vqp' ©. The constant current control is performed
25 according to the PI control which controls the input
current to be a constant current wvalue.

The three-phase PWM control pulse generator 200Db

assumes the signals (Vgq, V.. Vi) calculated by the
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The constant current control unit 40 is provided with a constant
current command val ue generator 41 for generating current comrand

val ues, and constant current control output units 42a and 42b for
generating output signals which have been subjected to the constant
current control based on the current conmand 5 val ues. The const ant
current conBASingtpartudib afsterrddedas3Qdaaxgsteucpmteeyradgnals,
vdp*r, and the constant. current control output unit.  42b generates a

g- axi s out pECT™RYREF VPP e Thededdst afl tourtBhencoherai@ K Bégnals

t 41 10 t i | s.of t t nrand
Cidp*r, | qpP P icabrd gy 18 & Bohdtiatt bR S IHRBd &P T RE Vet abd Gower
si gnal Paveif‘ﬂ'xﬁé”cgfaec%dP,tggn%dldﬂe@‘lpaad‘éj gLl %ei'gglf‘éi%' E%Q‘E%%CE‘PWM
conponent s of ‘the d-axis’ and g-axi s vofFtage ‘signal § (¢l ap, elqp

which are sepzfpd 86,12y dbepRas tVE- PRSI BEILENER MP!d A0fhe gates
cal cul ator 21. The constant current control output unit 4Za

perforns thefcatse aglentiis badiu €O Jwbased vy kd JH@Atkheiddthe
converter 83 and the current command val ue signal idp*r, and
generates thémkaxpbhame pRWMsighaku20e VEApora. The constant current
control output unit 42b performs the constant current control based
on the iq froRPERatidogonesrM@lg3odndth e ualra ban cpdmued tagae
signal iqp*r, and generates the g-axis output signal Vgp*r. The
constant cufFPBReRBALVTis perforned 25 according to the Pl control

T A AT Il e 1 e 1
(vd, Ve, Vf%oﬁ%&é’é%@ﬂp%é&@or lwill be explained. The centroid
vector operation unit 10 calculates the centroid
vectoxr voltages (eza. €2n, ezc) from the line voltages
(€ab. ©pc, €ca), and the dg-axis converter 81 converts
15 the centroid vector voltages (e;., €. €3c) being
calculated into the d-axis voltage signal e,q and the
g~axis voltage signal e,; as expressed in the formula
(21).
The first term on the right-hand side of the
20 formula (21) expresses the positive-phase-seguence
components ejqp, €1qp 0f the d-axis and g-axis voltage
signals e:s, €14, and the second term on the right-hand
side expresses the negative-phase-seguence
components eian, €1qn Of the d-axis and g-axis voltage
25 signals eia, €1q. Therefore, it is possible to separate
the d-axis and g-axis voltage signals ejiq and €1q
according to the frequency separation by usinga filter

or the like, between the positive-phase and the
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addi ng part 31b of the adder 30 as gate control signals, conpares
those signals with triangle wave signals generated by a carrier
frequency generator (not illustrated), generates gate pul se signals
as the PWM 5 signals, and outputs the signals to each of the gates of
t he sem conductor switching elenents in the three-phase PWM circuit
200a. [ Op&reetd bih vexanphe eof 1 he .unbaedimeean vohteageo sdripensapdvdse -
10Next, an operation exanpl e of the unbal anced voltage conpensator 1
will be expﬁﬁ%ﬂnc‘ﬁlé’%t’ﬂ&%%eﬂm: Sparalidn the tnqaa@a%raw&
the centroid vect or vol t age (eg/ e2b, e2c) from.the line voltage

(eab, ebct ECHTARE tFATHQ ScSisert &ias1 coMforPesis {Rg-Phase-
centroid vegteqi'ué(ghte]ag lad_(gﬁg %igégléagg} ﬁ)?lé}gdctaégul af e ﬂ@éop €q.

d-axis vol tage" si —axr s voltage si gna

expressefl i @etcﬂ?eﬁewloqiﬁgéé cyl%dlé%tort %rinp%rkfg?crrf Lt@lhat J@ﬂgr%.'td:l.eon

of the 20 fornula (21) exprésses the positive-phase-sequence

conponent s ledive 8hqre10é plods T 2¥ieS PHNEs@- 2k § \t@ﬂet age gl tdNeks il dse .
sic', and the second termon the right-hand side expresses the

negat i ve- phase seguerde canpoeeties @Xamorvgn tof e e gaitswddphase -
g-axis voltage 25 signals eld, elg. Therefore, it is possible to
separate theedtexnseagdmpared wleage signadd ehd dndelsg asdogdiangts
to the frequency separation by using a filter or the |ike, between
the positi vé’oﬁfa%éeaﬁégﬂﬁlsn@gat i e é%?a‘ééngl been repadet¢d between

positiv. uence conponents el d p and the .
negat i -ph é’ L& v&mbass & ee‘F Hat'Ph‘ée bhase, into phase

positive- phg%%_steg&gn%eiélggtlasge( c?inc’ul agé)nr' legnd th r}lega%h é)haﬁase
negative-phase-sequence components.
On the other hand, the zero-phase-sequence
voltage calculator 24 calculates the zero-phase-

15 sequence voltage e;,, by using signal wvalues of the
positive-phase-sequence voltage and the negative-
phase-sequence voltage being calculated.

As to the input power, the active power signal
Pave and the reactive power signal Q.ye. are expressed

20 by the formula (40), using the positive-phase-seguence
components v®q,, v of the d-axis and g-axis voltage
signals vaq, vg, and input command current signals i%4p,
i%gp-

The current detector 66 detects the DC output

25 current signal ig. via the sensor 65, The voltage
detector 68 detects the DC output voltage signal vac
via the contact point 67. The multiplier 51

multiplies the DC output current signal igqc by the DC
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5 sequence voltage cal cul ator 22 performthe separati on between the
positive phase and the negative phase. The dg-axis converter 82
converts the negative-phasesequence conponents eidd, elqgd of the
d-axis and g-axis voltage signals eid, elq having been separated

bet ween 10 the positive-phase and the negative-phase, into phase

vol tage si gR#EtPYLI 4Rl a6, sdamdloVathe arit eeufpipastes the DC output
negati ve- phase- sequence caonponents. On the other hand, the

zer o- phase- g@(ﬁ’l?e‘ﬁc%lgﬁlatlag%dvcal &}P%t BHPAL REEOH a4t 2sS VRE TP bSphidsee DC

I I of
posi t1ve. prabeRg u‘éﬂé%av%%t 439 T %%a? ?3 waéev%am commana
vol tage bei pd 16l ol ghad fo ko they ! DBHL DOVEL: ! BE AELLYS PUREpa1
an eac iV signa

si gnal Pave ower are EXPT ESSE

the formul aph40h.c Wl”ﬂab'&%%%sﬁfbieuﬂflaé%as%‘x?%%n@rﬂ%?é‘e@i chﬁqi.&’ol

vegp of the d-axis and g-axis voltage signals vd, vqg, and
command cureerlr St pBalde ¥+ edp.1 d ©CER gil®1 CulBné cdetiass Obc66¢<§l§tt%<§é

the DC output 25 current signal idc via the sensor 65. The voltage
det ect or 68cdetmext § el DE suiguud 1volst.ADeasidgnate vac watbhe: cootlacige
point 67. The nultiplier 51 nmultiplies the DC output current signal
idd by the tgnal vge., for controlling the DC output voltage
signal V4. to be a constant voltage value, and then,
10 generates a DC volitage control signal.
The adder 54 adds the DC voltage control signal
outputted from the DC voltage control unit 53 to the
DC output power signal P4., thereby outputting the
average power signal Pave. As expressed by the formula
15 (41)theaveragepowersignalPawsisobtainmﬂbyaﬂding
the DC voltage control signal obtained by the PI
control over the deviation signal between the DC
voltage command value signal Vg, ° and the DC output
voltage signal vg; to the DC output power signal Pgc
20 (= vgcriac)-
The reactive power Q in the formula (40) is
controlled so that the input power factor becomes 1,
therefore, it becomes zero. Accordingly, the formula
(40) is modified to the formula (42) exXpressing the
26 input command current signals 14" " and Igp*F
The constant current command value generator 41

generates and outputs the input command current

. . * . * .
signals igp © and igqp, © based on the average power signal
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out put voltage signal vd,, and outputs the DC output power signal

Pdc. The subtractor 52 subtracts the DC output voltage signal vac
fromthe DC vol tage command val ue signal vac*, and generates a
deviation signal. 5 The DC voltage control unit 53 perfornms the P
control over the deviation signal between the DC voltage *" conmand
val ue signaFPave,2nfd tihee DCsditpue -pdiasge se@igngle vaompoarents €i4p.
controlling the DC output voltage signal Vdc to be a constant voltage
val ue, and fhen, ©¥0tdchefafésl e PR/ S 13GE ScOoM RIS ghapnals ., whigh

adder 54 adds the DC yoltage control signal outputted fromthe
Jol tage confEs S TS S b TS RRDHE ek ARaP SEHE D Ao 8y a0

out putting %%%f§¥§5%QS:pQTer signal Pave. ave As expressed by the

formula 15 € ‘averagé power signal save isobtained by adding

the DC vl tage cophreheShgnalt c@ﬁf%@%% @’i&g%gltﬁﬁn&ﬁﬁ!s 'Pé(ﬁ‘:v{:jg%rrent

devi ation signal between the DC voltage command val ue signa

and the DC gt o¥Ql 338 ShgRdln Vige t@ di®r DE40URM c PAVRL 15 §03hase
Pdc 20(= vdci ac) The reactive power Qin the forrmula (40) is

control | ed ag tigiutheuied t pewegn £ Bt DL, begpnes df ther eforee -phase
becones zero. Accordingly, the formula (40) is nodified to the

formul a (42RhCeppressibgyingec25 pwpbe cdmemd ltertene esi ghalkss Adppower
and /gp*, . The constant current command val ue generator 41 generates
and out put sSPHE §Apdt0 CoVrr@nd Rer s@nsergnd X- i dp*r and i gp*r based

on the gverage power sjgnal
]% 9 [)¥ﬁe d@—axis converter 83 (conversion from

three-phase to two-phase) converts the three~phase AC
input current signals i,, iy, and i., into the d-axis
current signal i4 and the g-axis current signal ig.
The d~axis and g-axis constant current output
15 units 42a and 42b input the d-axis current signal ig
and the g-axis current signal iy, respectively, as the
feedback values of the input current. The constant
current control output units 42a and 42b further input
from the constant current command value generator 41,
20 a positive-phase-sequence current command value
signal of the d-axis :‘Ldp*r and a positive-phase-
segquence current command value signal of the g-axis
iqp"*. and according to a predetermined computation
based on deviation signals between the d-axis and
2b g-axils current signals iq and iy, and the current
command value signals ig,"" and ig,"", generate and

output control signals Vap © and Vgp,"* for controlling

the input current to be a constant current value.
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Pave and the positive-phase-sequence conponents eldp, elgp of the
d-axis and g-axis voltage signals, which are calculated in the

posi ti ve- phase-sequence voltage cal culator 21. 50n the input current
side of the constant current control, the current detector 64 detects
t hree- phase AC input current signals ia, ib, i of the three-phase AC
power bei ng out puffed g rbm e nhitesl phhgsd Adpovieraxder ol DOV a
the sensors 63. 10The dg-axis converter 83 (conversion from .

t hr ee- phasePEF EABNFadY) Crhve? RS ARt t AR E&iHasO AT L EBMten i t
signals ia, ,ib, and i,, into. the d-axig current sigpal id and the .
g-axi s curr8AE SiYnaFPELSThRE gayaxﬁt%ea Srd[-“éilas (é‘oﬁgt aﬁPdc&I?%ng"ax:Ls
out put 15 unpi 4 i npui _t -axi s rrent. signal i.d.and
the g-axis gl?ﬁlrsce%%%s%&ﬁ%ﬁg?&é?eégeg%ge ié’,nsaggflﬁe e %é%( glgf%erso%f

the inpy cyyfigiile RS €0RSEAM s CULHRNL s SR 1oL %tdé’uko%{'dfa@%@ﬁ?

42b further input fromthe constant "current command val ue generat or

41, 20 a positiverpbaskr SESHORBGE: £HI 8 8Nk OPERRAG M dlecositdd ohithes
d-axis I dp*r and a positive-phasesequence current command val ue

signal of tWe,T-axhd@ Wyp*f, iand aceandiinglt @ s ptedelepnheed signals
conput ati on based on devi ation signals between the d-axis and 25
g-axis curréitasi ghiads iVhcand iagd abdetdess Cheredn wohwantievalamverted
signal s idp*r and_iqgp*r, generate and output control signals Vdp*r

and Vgp*r f 8¢ Seht foldn nfhenhad@pat XQUrrent to be a constant current

value.lo In the adder 30, the adding part 3la adds the

zero-phase-sequence voltage e, calculated in the
zero-phase-sequence voltage calculator 24, to the
prhase voltage signals (€ian. ©ipn, ©1en) OFf the
negative-phase-sequence components obtained by the

15 conversion in the dg-axis converter 82. The adding
part 31b further adds the positive-phase-sequence
components of the phase voltage signals (Viap, Vibp,
Vicp) obtained by the conversion in the dg-axis
converter 84, to the signals obtained by adding the

20 Phase voltage signals (eianp. €©ibn, @1cn) to the
zero-phase-sequence voltage e;, calculated in the
adding part 3la, generates three-phase voltage signals
(Va, Ve, Vz}, and outputs the generated signals to the
three-phase PWM control pulse generator 200Db.

25 The three-phase PWM control pulse generator 200b
generates gate control signals for controlling the
three-phase PWM circuit 200a based on the three-phase

voltage signals (Vg, V., Vg), compares the generated
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It is to be noted that the d-axis control perforned by the constant
current control output unit 42a is expressed by the fornmula (43), and
the g-axis control performed by the constant current control 5 out put
unit 42b is expressed by the formula (44). The dg converter
84 converts the control values Vdp*r and V4P*r into triaxial

posi ti ve- phadens Jaaws {lvdapian dpe Waps. sarghaher @t eratypdit Erohe a
converted signals in the adder 30. 10l n the adder 30, the adding part
3la adds t h€3FdoephieIBEHSTE eI PHARYECE  (RAFcH Bt egtinntad) .

zer o- phase- sequence vol tage calculator 24, to th hase val tage _ .
signal s (el gf! eeWT)ﬁfasel% © oP URe n2dgmiasks pﬁé{s&-%sﬁgq%‘gﬁcép&ln%‘an@ﬁtdsth
obtained byybag, 12 GV 3hAN.dNct B d9ayl  eopuerd ern82.o Jhe adding
part 31b further adds e positiVe-phase-'sequente conponem s of “the

phase val tage Hfnal $d Veakn o bPneVigR) ot '“%%éoyﬁéﬁgfmaﬁ[cﬁaﬁ 0

in the dg-axi§ converter 84, to the signals obtained di ng

phase vol t ag@itiamahy éeledfenesbhr €AGNMEHEQR d hehayOHINASeL 5844YaNER 0 a
voltage el, calculated in the adding part 3la, generates three-phase

vol t age sigsal as(\dy pler £9¥im GNAOGEt mudstirlba genesated o debSgh@es .
the three-phase PWM control pul se generator 200b. 25 The three-phase
PWM control pul seNgater atper200bogenerfat ebegatebedrtn ok dsivgmat a gfeor
controlling the three-phase PWMcircuit 200a based on the three-phase
vol t age si gREMPYNE2LRE ¥ LR cohpaPaslapeegenetated asdgnidl stiyet h
triangl % wave._ signal sﬁgener ated froma carrier frequency generator

i ngé&

(not i MPustr8P&Ha fdEke gat & lphcs xR hpaPe by thet PRnEePApsBoted
W dt h Mbdul at i i d ts.th t | 5 si |s t
each of t he gacat it e ot fRR O R S bhr g it St s o afRovhere
three- phase RUMEL § Eide 2002 %00 @8l PEERAHM DN BT £0B: 0@ each

of the gates.
(instantaneous voltage drop), and further it includes

the state where unbalance occurs in the three-phase

15 wvoltages for a long period of time. Here, it is assumed

that the load amount in the DC load 300 is constant.
[Operations in the balanced statel]

In the state before the instantaneous voltage

drop occurs, the three-phase AC input voltages from

20 the three-phase AC power source 100 are in the state

of being balanced. 1In this balanced state, as shown

in FIG. 17, the three-phase voltage signals e,, e;, e;

correspond to the positive-phase-sequence voltage e1p

only, and at this time, the d-axis voltage signal eq

25 expressed in the formula (21) becomes Eipm. and the

g-axis voltage signal e@1q becomes zero. Here, since

212, %23, and Zi3; are open, the phase delay due to L1

is ignorable. Therefore, it can be determined that
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Next, operations of the unbal anced voltage conpensator 1 in the

bal anced state and in the 10 unbal anced state will be explained. It
is to be noted here that the unbal anced state includes the state
where the voltage is reduced within a short period (instantaneous
vol tage dr OEQ and further it includes the state where unbal ance
occurs in th&a hFeeMtaae 19 Mol {ddes #BA d I bngogeresnoafd ttaethe
Here, it is_assuned that. the |pad amount in the DC load 300 is

constant. [ER&EM{8nd i) e h@Rfhl &nced stit &stablishadine state

before the instantanequs voltage. drop,qccurs, t t hr eg- phase AC
i nput vol t ages fr%rgn %gut%eofzﬁra%el-%ﬁaséz A pEIEsBultee r00twre P LIRS

state of beLig hghAneedmddlal Phi il AFE% 2hALs 585 BN 4] Powling

t he three-phase voltage signals er, es, e orrespon

posi ti vey phasenhieudenes yohiaasr 8ing 0RbY tdeatentdii s tidw) . the
d-axis voltage signal eld 25 expressed in the fornula (21) becones

Ei pm and the g-axis “vel t age 39) gomk, & K, Jecones zero. Here, since

Z12, Z23, and Z3l are open, the phase delay due to Z12 is ignorable.
Therefore, it canifpe “detebnined that the(fadrhulas (1), (2), and (3)
correspond to the formula (17), and a = 0 is established. On
this occasion, th@igicgnatbei @pmmangprabtie: uruersht ségmmhdiyal Udss
are expressed by the following 5 forpnula (45) according to the

formul a (42%85%p*FULrent caitnopayg pegmiprnedffom ghe congitgast
the co nd_val ue Eurrent si.gnal i current caontrol is

per 1 or 00 1 FHRECHRIMHEAT0 Thlt PORPNETAERS Vil (e gEReat dh o4t hgnt
Lo e DAl EBEL o | R QU PLLRILEE . MERA IS e
a constant pal y@1 @aget RS LELHE, unit 53, the DC output voltage is
controlled to be a constant value, and therefore,
constant DC power is outputted regularly to the DC load
i5 300 side.
[Operations in the unbalanced state]

Next, an explanation will be made regarding the
unbalanced state where at least one-phase AC input
voltage out of the three-phase AC input voltages from

20 the three-phase AC power source 100 becomes the state
ofinstantaneousvoltagedropand1ﬂuaACinputvoltages
become unbalanced.

When the instantaneous voltage drop occurs in the
AC input voltages, the positive-phase-sequence

25 voltage calculator 21 of the symmetric coordinate
component calculator 20 outputs the positive-phase-

sequence components e:;gp,, €14qp 0f the d-axis and the

g-axis voltage signals, the negative-phase-sequence
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constant DC power is outputted regularly to the DC | oad 15300 si de.

[ Operations in the unbal anced state] Next, an explanation w ||
be made regardi ng the unbal anced state where at | east one-phase AC

i nput voltage out of the three-phase AC input voltages from 20 the

t hr ee- phase AC power source 100 beconmes the state of instantaneous
vol t age dr offodricR gke AC-EHp@t 9Bl E2gexubpedne bhisal meged.i Whenhidwe -

i nst ant aneous vol tage drop occurs in the AC input voltages, the

posi ti ve- phESEERBGEN BB APSI Bfe Scab eulPamar OF1 Bhet He a#fedt @ the

coordi nat e conponent | cul at or 20 _out puts the positive-phasesequence
conponents & d5** & 56010 a¥fte Sd‘"—%?(iag'sanga?ae tgl%\)eizgr\f’o"lﬁggées'l %ﬁglu?,nce

the negative- =S g |.culatpor 22 outputs the
negati ve- phggg'sqgiggnggli?(;{fn%%ﬁé%{ gie(ﬁ&ﬁﬁ%%?a \L‘of'a t & d-BXPE CanacgNE e

q-axis wpl t agesbHRAIS. ¢ gnd the zero-phase-sequence vol tage
cal cul ator 24 outputs the zero-phase-sequence 5 conponent el0.

The constant currefle eomld©hneutlttrditt tSoAZdANG W2Pudddntites 42a ana
posi ti ve- phase- sequence conponents el dp, elgp of the d-axis and the

g-axi s voltage siddakhd opbdbe tciw ¢ ephaamardivahie sigipbiiedbe e q,.
negati ve- 10 phase-sequence conponents el an, eige of the d-axis and q
- axi s vol t agep sPgndlhese ad e afirs hendaddee wi-@&xthe xddihggpartisgBad sando
31lb, to generate the output signals (vd, Ve, Vf), and the current
control is P&Ef FRES I onferREaddsVantueusighiadsmuarihvanggative-

gener at y 41 so that .
1 phase-sequence components e€ign, €1qp 0f the d-axis and

g-axis voltage signals are further added via the adding
parts 3la and 31b, to generate the output signals (Va.
Ve, V), and the current control is performed from the
constant current command value generator 41 so that
15 the input power factor becomes 1. In addition, the
DC voltage control unit 53 controls the DC output
veltage to be a constant value, whereby the constant
DC power is outputted regularly on the DC load 300 side.
By adding the zero-phase-sequence component ei,
20 to the negative-phase-sequence component and the
positive-phase-sequence component, the zero-phase-
sequence component of the power source voltage is
superimposed on the output signals (V4. V., Vg), and
a control signal for the three-phase PWM converter is
25 generated based on the output signal on which the zero-
phase-sequence component is superimposed, allowing
the three-phase AC input voltages to compensate for

the instantaneous voltage drop.

79



15 the input power factor becones 1. In addition, the DC voltage
control unit 53 controls the DC output voltage to be a constant

val ue, whereby the constant DC power is outputted regularly on the DC
| oad 300 side. By adding the zero-phase-sequence conponent el, 20 to
t he negati ve-phase-sequence conponent and the positive-phase-sequence
conponent, the zefbephasesequenievegnpooentswh jelee povke soecter

vol tage i s superinposed on the output signals (vd. Ve. W), and a
control sigRReFDEIORe tor ddphhia P LERES $ e GBI REederrt apas
based on the outgut signal on which the zerophase-sequence conponent

i s superinpBSEE MAPFGH h TRt Af eblPifas & HRs PRFUR ORI 1 B4BY £ e phase
SUb) ecte { NESAETEr S0BE BHRCIRRPRE T (1o P PR denhoriy RO BAE TS
measur egent Y 1ok A4, SLAGKERY AtdkLio L 88 ARRE vald 4088 Frc

three phases as described above, pertorns e constant current
control aCC@UﬂﬁEoiobgyééwghCQHEr?OAE@EQéUbﬁggeusequence voltage

posi ti ve- phase-sequence voltage and the negati ve-phase-'sequence

vol tage of hh@ phesenualatanes - phiksBes phelkd! ivWl tBYe of the phase
zer 0- phasesequence voltage fromthe phase voltages, and 10

super i nposi g lttteeg zer,o-Pphasdesequencal Vaktiage dhet heero-phase -

posi tive- phase-sequence voltage and the negati vephase-sequence

vol t age, thB8Fra¥LREApErht rlE fOr ohet uabalbenze. viol tAgesnbatadced
vol t age conpensation according 15 to the present invention, the line
vol t aged actUiPESel BP o debBEr &fn? - pHiafi e of edden§te Vilsktage on the
original signalss for calculating the zero-phase-sequence voltage.

Therefore, PPS%tHBEsiRS o SRYGPPES €8T spGthl ther nega ive-
;?”Eﬁgsﬁégs P%%%%%Q%gﬁﬁ??%é”?ﬁé%ﬁ&&%%Otﬁﬂﬁrgﬁ%s%k%ﬁgghsﬁﬁéfgga%%%!E?ﬂa
unbalance.

In the unbalanced voltage compensation according

15 to the present invention, the line voltages acquired
at one measurement point of time are used as original
signals for calculating the zero-phase-sequence
voltage. Therefore, it is possible to acguire a
control signal for compensating for the unbalance from

290 the measurement value acquired at one measurement
point of time.

Typically, for detecting voltage fluctuations of
the phase voltage, at least a half cycle of time
interval is necessary. Therefore, a measured value

25 at just one measurement point of time is not enough
for detecting and compensating for the unbalanced

state, and measured values obtained at multiple

measurement points of time are required. On the other
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Typically, for detecting voltage fluctuations of the phase voltage,

at least a half cycle of tinme interval is necessary. Therefore, a
nmeasured val ue 25 at just one neasurenent point of time is not enough
for detecting and conpensating for the unbal anced state, and

measur ed val ues_obtained at nul tiple nmeasurenent points of tinme are
required. OR&HE: ofFerthfiald e s Antthel pYeddntoRnvdhte ohinhevpiliaages
vol t ages ac%l&i red at. one neasurenent point of tine are subjected to

the vector GFEFatF&T AthRRELYCHETHT ARG & RO PbEitT Vel PhaEte styRdRG e d
ol tage and th ive- .5 ph - sequen vol t age of the pha

xol tage_s, _ ar11: t lgggg'%%/%ﬂgse- %%%é:r%cognV/ol%?laeg%eggﬂ_%%fcgélnclulﬁ%t %3‘6? rom

the Positl VEduapeyeaqience V06 hads &0 4vbNG D602l YEPRARC 2EGURIAFe -

vol tage. Accordingly, 1t Is posSible to generate a signal fo

conpensaf i ngHpiet BR pidAbaNGR 1 4Qgkr 0P ey Jhgsvakuast @ggw,r % @lthe
one neasurenent point of tine. The acquisition of the line

vol t ages and elihe- phkal @éng ed woh & ageotarfPansain G kaskduda #d® £from the
acquired line voltages are not limtedly based on the values 15

acqui red at porsl hbasuEReRe poédieoice i reltMger matdvehy négative-
acquisition of the line voltages and the unbal ance conpensation are
sequenti al | PhrapeateFuehecempP hotdenl y Aoapassiat 9ay f drt the possible
i nst ant aneous vol talge drop, . but also conpensating for 20 the

unbal anced $Caf&PSITEhE 3511988 FOF SOMERRRESTMNY for thaynbglapce,
refere taq FIG 8 and FIG .9, a confiquration exanple of the X

pr esen[%?nvgrﬁqnbr?%?rl 9138 Lo Rt 28 lg:oe?rFet JHbBE rﬁﬁé@d“?/%?f’é‘d:ep‘)lnt
conpensatiopg d nt#aiaqh t he unbal anced vol t age conpensati ng operation

25 is performed by an arithnetic processing by the CPU according to

sof t war e. The acguisition of the line voltages and the
unbalanced voltage compensation based on the acquired
line voltages are not limitedly based on the values
15 acqguired at one measurement point of time.
Alternatively, the acquisition of the line voltages
and the unbalance compensation are sequentially
repeated, thereby not only compensating for the
instantaneous voltage drop, but also compensating for
20 the unbalanced state of the voltages for a long term.
Next, with reference to FIG. 8 and FIG. 9, a
configuration example of the present invention will
be explained as to the unbalanced voltage compensation
in which the unbalanced voltage compensating operation
25 is performed by an arithmetic processing by the CPU
according to software.
The unbalanced volitage compensator 1 of the

present invention is able to implement the functions
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The unbal anced vol t age conpensator 1 of the present invention is able
to inplenent the functions of instantaneous voltage drop
conpensati on and the power conversion, by neans of the circuit
configuration. Alternatively, it is able to inplenent the functions
of instantaneous voltage drop 5 conpensati on and the power conversion
by al | owi ng®thel TPBaTst 2ReeM%e BOPiggFantirop compensgtiianysanst eshe
configuration exanple in the case where the unbal anced voltage

conpensatorP(S’fwef’ﬁe Brne‘é%ﬁﬁ1|°rﬂ/enP|70ﬁ“‘?§n?mﬂ%nﬁﬁ@ecp%’ﬁcluﬁlet CPU and 10

sof t war e. f Iy the un Ianced vol tage co ensat | enent ed
by the confl gur aJ? é% 0 l?ﬁé Jdns?c}:fjt‘\';\ﬁ? Wi 6L§ e?ﬁﬁ&" with
the referen l¢ eNnfe

t hr ee- phaseg,%l E%i\%%?l % 8 Hfrom(j('t"%:j?rt1 rm‘gl\gﬂ: ase %C‘)B%J\ivlérgg;egurrc%p

100, thet he@ar;p@ﬁgaﬂ/&&cgﬂaeth@ ﬁ%ﬁ@b%&&%ﬁ Wyeea:pi"9§r§.r&gcthe

vol tages to the PWM conversion and outputs DC voltage to the DC |l oad
300. The cogput etocendgohtenid @grbagamfunction of the unbal anced
vol t age conpensation, 20 and controls the three-phase converter 200
to perform power E&GveBsidd vmldraniesd ancect /by hags: tonpersaidom.in the
The conputer control unit 2 is provided with the CPU (Central

Processi ng ©aist9 waeTrRAMIRIpHIM1AERess Venbt §p ety otRONI(sRebd rOelfy the

Menory) 2c, and /O unit 25 2d, and each of the elenents are
connected VPSS HRE I vention ths AP rgMEhbad: PkehbralGBBdand

control over «%aytchmc_p;3 th%ee:lcgg_%rg of tt}ellcorr%tgeia%%netéo Otir;ct 2. The

compensator implemented by the configuration of the
CPU and software will be explained, with the reference
numeral 2 being appended.
As shown in FIG. 8, in the three-phase AC power
i5 supplied from the three-phase AC power source 100, the
three-phase PWM converter 200 subjects the three-phase
AC voltages to the PWM conversion and outputs DC
voltage to the DC load 300. The computer control unit
2 has a function of the unbalanced voltage compensation
20 and controls the three-phase converter 200 to perform
power conversion and unbalanced voltage compensation.
The computer control unit 2 is provided with the
CPU (Central Processing Unit) 2a, RAM (Random Access
Memory) 2b, ROM (Read Only Memory) 2¢, and I/0 unit
25 2d, and each of the elements are connected via a bus
Z2e.
The CPU 2a conducts centralized control over each

of the elements of the computer control unit 2. The
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CPU 2a devel ops a designated programin the RAM 2b, out of system
prograns and various application prograns stored in the ROM 2¢c, and
executes various processing in cooperation with the program being 5
devel oped in the RAM 2b. The CPU 2a controls the three-phase
PWM pul se generator provided in the three-phase converter 200 in
cooper at i onGEt 2 & hd epavkp PSorv ed sisdrg cdherdol P pe agneam i nhditebyRAM 2b,
converting the three-phase AC i nput 10 power inputted fromthe

t hr ee- phaseAE pofes YsDufBe PIODIFAIE N Gut'pE 1 pdiferaPRAd cation

conpensating_for_the unbal anced voltages of the AC input voltage. |,
The RAM 2b P& S8R5 1T EOFSe TRBAT MMt nanear RS it br NAF GH S
itenms, and I r to v.el vari.ous.data_and prograns.
The ROM 2c g%ac'aen%%ﬁlirﬁy?fgfﬂ sctoo%ésﬁg%vtalf??guéﬂitn orrfrla iohPene PRTY

readabl &5 mapRSfe 1 #BE St LhET Hd1ERRMVEIL CONver sion control program for
controlling the three-phase converter. 20The I/O unit 2d handl es

inputting and outpit ic@uohavasb AT Sl gnahe WMhhdiephRsRe-PRAS® ulse
converter 200. The I/Owunit 2d inputs the Iine voltages and the

a- phase andgensEmas e oAC pnputi dudr ént tine t bR ridy ephphas ecAGvdawputr 200
side, as well as the DC output current and the 25 DC out put voltage
on the DC o&bpuwtospéa.atThenl MG thi ttigdl pomteier comtvrir s i@ ngat enpul sk
signal for controlling sem conductor-sw tching el enents of the

t hr ee- phasePBA i FAGEePY R YAF&dphakBecdhmiepeeplivippe AC input

10 power inputted from the three-phase AC power source
100 into DC output power, and compensating for the
unbalanced voltages of the AC input voltage.

The RAM 2b 1s a volatile-type memory for storing
various information items, and has a work area to

15 develop various data and programs. The ROM 2c¢ is a
memory for storing various information items in
readable manner, and stores the power conversion
control program for controlling the three-phase
converter.,

20 The I/0 unit 2d handles inputting and outputting
of various signals with the three-phase converter 200.
The I/0 unit 2d inputs the line voltages and the a-phase
and c-phase AC input current on the three-phase AC
input side, as well as the DC output current and the

25 DC output voltage on the DC output side. The I/0 unit
2d further outputs a gate pulse signal for controlling
semiconductor-switching elements of the three-phase

bridge circuit in the three-phase converter 200.
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Next, with reference to FIG 9, an explanation will be nade as to the
operations according to the program control by the conmputer control
unit 2. In the conputer control unit 2, for exanple, 5 outputting of

t he three-phase AC power fromthe three-phase AC power source 100
triggers reading of the power conversion control programfromthe ROV
20 and devel opi ngNerd progitdmy ef ene TR 2l9, Bhd -t Ren pRoesss] agaftgron

t he power conversjon control and 10 unbal anced vol tage conpensati on
i s execut ed"it oBpemAioOnad thot kb ecprpegations FECceREWT gn tihethe

fl h i FIG 9, fi | h | det ect i i
berforabd (BIGEEaR, SHREER, B SRS CPMPOE Shabe R h ot Zre

i d vi 15 t | i i i
e T hr ca- phastiad iy By ok W LlATRLINY D E8% EREmctd

phase vo t age +y @Peih £28r @3 B8R A Sphaldd!! Rbed ApERr dignt @ Hide
centroid vector operation. In the configuration exanple as shown in

20 FIG 7, tarexafplssethe ¢RWeol ¢ mester 1aper abikiyé ssperd 418G idr
the centroid vector operation unit 10. The phase vol tage

si gnal s e2ath@2lpowd@® afornheees iphasesnhetdly palogut aned rarme €RBVROCMER C
into the d-axis voltage signal ela and the g-axis voltage signal eig,

25 bei ng t wanghateye Il posith e eppieaseagequentbecdd¥néit s ahdp,then
el gp and the negative-phase-sequence conponents el an, eign are

separ at ed aRIOSH BFAdE fE8mM tHEe IPRWRT af@ L @KFS Wbl € aFd 29 naingd

eld, elg bein
]% un%alanced voltage compensation is executed in

cooperation with the CPU 2a.

As shown in the flowchart in FIG. 9, firstly the
voltage detecting process is performed (S101). In the
step of S101, three~phase AC voltages are acquired via

15 the I/0 unit 24, line voltage signals e€an, €pcs, €ca OF
the three-phase AC voltages being acquired are
detected, and then phase voltage signals esa, €1, €3¢
are calculated according to the centroid vector
operation. In the configuration example as shown in

20 FIG. 7, for example, the centroid vector operation is
performed in the centroid vector operation unit 10.

The phase voltage signals e;,, e@,, €3 0of three
pPhases being calculated are converted into the d-axis
voltage signal e;q and the g-axis voltage signal eiq,

25 being two phases. The positive-phase-sequence
components e;qp, €1qp and the negative-phase-sequence
components ejan, €14qn are separated and obtained from

the d-axis and g-axis voltage signals e;4q, ei1q being
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converted. Then, the negative-phase-sequence conponents elan, el" of
the d-axis and g-axis voltage signals eld, elq, are converted into

t he phase voltage signals el", eibil, el"” in three phases. The
processes 5 in the step of S101 correspond to the processes perforned
in the line voltage detector 62, the centroid vector operation unit
10, the dg- 8PvesHedtt erTBeN .t hehpodiedaéipirasprhasfeneduail¢age

cal cul ator 21, the negative-phase-sequence_voltage cal cul ator 22, 10

t he phase cSPARALENDR ¢om cfical i A e HE- 2846 FRdedf 2axhfidveHdage
zer o-phase-s%gijenie vol tage cal cul ator._24 . E@gh of the
processes i A steprEi8itmyine peFt SOMET Fesh iR 81 TR R DprYaddage
In the foll Qu eps S102 to 5106,. rakle roc I S
per f or ned i%%gﬂg%iglgia%hj; “éogﬁé“ﬁg?ﬁﬁpﬁg% %ﬁ“%%%géangﬁﬁéﬁﬁgééeﬁﬁses
the steps of 13102n ea sSHIGNB@NAB0 I IR rEIFIH AL QD PRAC bésses
performed. A synchronous signal "s" iIs generated fromthe phase

signal s eZapea?bora@ @nd eBe LAnKRA PHgse8e t EREL ¥ NEN OFRESc €hETida
"s" may be obtained fromthe zero cross point of any of the phase

vol t ages of viehet phas@pamatagen stgnal st 82, the?bigankie?Ocomdrerter 81,
i nstance. The synchronous signal can be generated by conparing the
phase vol t a§é&en p i stiltel P85 - pdraos e olsteapee npgd 000 paetg eagecale syatlomondis

signal "s" at the point when the phase vol tage becones equal to the
zero vol t agéhq MmeHe Ione r §lvat ¢ of SbpPre a0 shade i Aafialatoghe22.
synchr can generate the sjignal. by using_the

out put O]sO;zaii?gg’glz%ggg‘g%igg%g%)?ﬁn??h OEeﬁtarJo?Hl\?é:ét‘gg bBEr 26F6h g€
10, dit i . : , Ci b .

ciicurt whi ChCOngarSe FREGul pie s phar bV ofEadls 24EFR I R Ae -
for instance. Altgppaliyel ¥nd hﬁagmgggogﬁnshgré any 1be, g n%g_}at ed

at an arbitrary point of tine and this synchronous signal ca
assuned as gerifbtiald Vehupaafalle 1SYHshapprspsiiangs , "sTa 10Hke

synchronous signal "s" is used for
following steps S102 to S106, such parallel processing
15 as performed in step S101 may also be performed in the
Same manner.
In the step of S102, a synchronous signal
calculation process is performed. A synchronous

"

signal "s" is generated from the phase signals esa, €5y,
20 and e;c in three phases. The synchronous signal “s”
may be obtained from the zero cross point of any of
the phase voltages of the phase voltage signals ej;,,
e€2p, and ez,, for instance. The synchronous signal can
be generated by comparing the phase voltage with the
25 zero voltage and outputting the synchronous signal "s"”
at the point when the phase voltage becomes equal to

the zero voltage. In the configuration example as

shown in FIG. 7, the synchronous signal generator 70
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synchroni zation in the dg-axis conversion including the two-phase to

t hr ee- phase conversion and three-phase to two-phase conversion in
each of the steps S101, 5103, and 5106. On this occasion, the 15
synchroni zation is perforned by using the synchronous signal "s"
obtained in the step 5102 executed just before, or the synchronous
signal "s" BéiMmgdeReratei dhevat Lanafhep Bf iseing hé hst epusPBIORignals
corresponds  to the processing perforned in the synchronous signal 20
generator 76S2a: ©2b: £Npag) falg‘&ﬂrFBﬁt CHdt eE PG VSOt REsOPS TRt FernEd 1 t

icﬂrﬁgﬁt stSIeg% r,s%lnog'iJ:nitéh%oss}se:PbQ]:a %100%0ﬁ:@&%%]?gagﬁiécc;pngggti_o& by
be 1C bel Ng bBRYALHSYR dAPobis @ Wl o080 AL ECLRT UM, GENYEILEM
into the 25 d-axi's current 'signal id, and't g-axi s curre S|gn§

ig. The proggssyhify henat e Pb FHBr £8%" €SPORUS f K+ hhg I ocesses
performed in“the current detector 66 and in the dg-axis converter 83.

Next, a vol hage: £0atlGle DYQCERS $§npeFo&fBRG A diiel &P B4 Qfen bi althed
step of 3104, the DC output current signal id, and the DC out put

vol t age si gadl armd, ambel tebegt guo ¥nd td® tA@anahd2dhThe sdet ehtred s
5 output current signal ac is multiplied by the detected DC out put

vol t age si gAdlgnal  cehlerkedy acs enkdt iy ale DCLbdiegut vpdwes sigridie
Pdc. The DC output voltage signal vd, is subtracted fromthe DC

vol t age confi¥REFREPOO NS gRAIIOARE*r S cal cul ating a deviation signal,

and 10 DC vol t control signal for contrpl]ing the out put

vol tagel%si gnal va',gﬁfao Eb‘énﬁi'lc? T YAt W?Qge val ué%i suﬁﬁﬁgr%?’ég from

t he devi ati j -heij al.cul d.. Then,. the DC voltage .contral.
Signal 1o aadeiPEOA sl " BhBeiadi Bk MR TP PG} oB na
average poweheSi@pal pPavse e @ﬁ%%s-sﬁﬁ?'sgeetégn%%ps 3404 £o4 1 espond

to the processes perforned in the curren tector 66, the voltage

detector 68thifha sphract 86 TAiot PedBé t bRlIdwErsiod henDe #oht 3g€ the
control unit 53, and the adder 54. 20Next, a current control process

is perfornedtiepd hg8lstlep 3103, | anthes s06p oforB1OR i sCus ¢ eals iconante
value signals ildp*r, iigp r are generated, based on the average
power diSgna$ YRaveronizgeherat é¢ penfhermesh b3 0k amd the synchronous
posi tive-phase-sequence conponents edp, egp of the
signal "s" obtained in the step S102 executed just
before, or the synchronous signal "s” being the initial
value. Therefore, the step of S102 corresponds to the
processing performed in the synchronous signal
20 generator 70.
Next, a current detection process is performed
in the step of S103. In the step of S103, three-phase
AC input current signals 1i,, ip, ic being inputted via
the I/0 unit 24 are detected, and converted into the
25 d-axis current signal igq, and the g-axis current signal
ig. The process in the step of S103 corresponds to the

brocesses performed in the current detector 66 and in

the dg-axis converter 83.
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25 d-axis and g-axis voltage signals, obtained by positive-negative
phase separation in the step 3101, a current control signal is
generated by using the *r current command val ue signals ildp ,

iigp*r and the d-axis current signal id and the g-axis current

signal 1q' which are converted and obtained by the dq converter. The
processes of 5105Ne&Y espovidlitd 2 oeesdase pepForaress by st be xhasmed in

current conmmmand value 5 generator 41 and the constant current control
output unit$aShRE S04 In {Bet SEeRoME of 18drr eERPo® Grouéant

[ erformed. in th tep 5106. In step S106, the |nput current
control s gidi keRer SLEPTh tire b 1g 058, Sh2dt VoL i dmeTERaL v
posi tive- phages seguenae, O%Oe{‘et“{g% & A9, @l 0P 9l thends axi eaé]'geﬁ DC
g-axi s voltage signals obtained by positive-phase and hegatiVve-phase

separatipn by dherSteP 2L s 1 P8aQUE QUL SikANALS pdPe @ Hﬂ%'h@@é@%%?cged

in the formula (42) and fornula (43) are generated, and 15 two-p

out put signalcs otput voltage signal va., thereby calculating the
d", vgp" are converted into the three-phase control signals V18p,

Vi np, M np. DTheophasd vobtrage signalls Blan, Bhen D@l antaonti ved idge

the step 5101 are added to the zero-phase voltage signal elO, then

further addédgamaih¥acobsrsiulstynaitse &i §povi nphe2@ /Icpl teher epymmand

generating the gate control signals. . Then, triangle wave

signal s areVgere? &ted3dndaby cGifpbfiAG theotdideyle bikee ighalk. and

CH A SR BRI R bt L SR T R
output voltage signal vgq, to be a constant voltage value
is generated from the deviation signal being
calculated. Then, the DC voltage control signal is
added to the DC output power signal P4 to generate an

i5 average power signal Paive. The processes in the step

5104 correspond to the processes performed in the
current detector 66, the voltage detector 68, the
subtractor 52, the multiplier 51, the DC wvoltage
control unit 53, and the adder 54.

20 Next, a current control process is performed in
the step S105. 1In the step of S$105, current command
value signals i14p ", i14p'° are generated, based on the
average power signal Paye. generated in the step S104
and positive-phase-sequence components €dp, €qp Of the

25 d-axis and g-axis voltage signals, obtained by
positive-negative phase separation in the step S101,
a current control signal is generated by using the

&

current command value signals ilﬂfr, i;4p © and the
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25 each gate of the sem conductor switching elenents of the

t hree- phase PWM circuit 200a in the three-phase converter 200 via the
/O unit 2d. The processes in the step 3106 correspond to the
processes perforned in the adder 30, the dg-axis converter 83, the
constant current control output units 42a, 42b, the dg-axis converter
84, and t hedrieks phagse viv Lbaned) iguped $ignal - YEAST SUGT @D6bS imine 1
the step of 5107, it is determ ned whether or not the power

conver si on &@nt‘?lailcﬁlr BEESS OFVF T he LABA 8?’?(?&?%‘6Fit%§et%8r$‘ér%%’{1?’8ﬁter .
process arey, erm nated, |f r?%o glprocesses are HOt t er m_nat ed t hey
t

are continuddCartef SERST i Fe SYEHSRAN A1 FURTPCS T RS
det er m ned b%f%%%@% hey %]roggﬁgecsan,gh POWR" FORNE R Sd o[ ,qQu r ol

process and the unbal anc t age conmpensat’i on process ar

t er m natsed. gb@léf"@t%&nfdﬂ%@ﬁ' QBJ Qfoﬁ‘lsE%Vﬂf‘gcﬁg?:eq{ﬁ)g&@ﬁ‘tt]poi5output
activate the CPU, simlar to the case of the circuit configuration,

it is possihhad#® uopl exat 4the. functi ons of the unbal anced vol t age
conpensati on and the power conversion. Subsequently, with reference
to FIG 10 to FIQe2Q .15 @néxpllanadrore ot ibnbe madessedar diemgformed
experimental exanples of the unbal anced vol tage conpensation

accordi ng t &0t K& epsesentSiAvent iTon. tFeG te®@ 50 % G th® dnpstrangrent
measur enent data, which is_obtained when the three-phase converter is

control | ed 5§ PttHeC 255 d95A hnded et t afe L8oriiehsut 6P &dQ? di igafdeatheo

Com'g%Tm*Qﬂé”%QB f¥E§B%asensgéﬁegce components eiap, €1qp OF
the d-axis and g-axis voltage signals obtained by
positive-phase and negative-phase separation in the
step S101, the output signals vap' ", Vgqp ° exXpressed in
the formula (42) and formula (43) are generated, and

15 two-phase output signals vap ", Vg, ° are converted into
the three-phase control signals Viap, Viep:, Viecp. The
phase voltage signals €jan, €1bn, €1en @acquired in the
step S101 are added to the zero-phase voltage signal
elo,thenfurtheradded1x>thecontrolsignals\hap,Vmp,

20 Vicp., thereby generating the gate control signals.

Then, triangle wave signals are generated, and
by comparing the triangle wave signals with the gate
control signals, thereby generating gate pulse signals.
Subsequently, the gate pulse signals are outputted to

25 each gate of the semiconductor switching elements of
the three-phase PWM circuit 200a in the three-phase

converter 200 wvia the I/0 unit 24.

The processes in the step S106 correspond to the
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Measurenent is performed under the condition that the three-phase
rated line voltage is 200 V. the three-phase rated line current is
17.5 A the carrier frequency is 18.5 kHz, the DC |link vol tage
(output voltage) is 380 V. the DC link capacity is 1,200 pF, the
transm ssion line inductance is 300 pH, and the 5 |oad resistance is
25 0. Then, PEOS#R ERE SstReELRTERR@dt HE t hRee-ahasE rHl ed thined Yoty

is 200 V and the three-phase rated line current is 17.5 A the
vol tage is 58&%%?§Qﬁc$gedqﬂﬁtﬁ8qﬁﬁ%?&n&ﬂF§89ﬁnﬁ°§ﬁE?%eﬁutPut

{he-tase wh3Le the ‘Eival MARE | W oRGa e CRPUAS SR Par- ahlct nee

t he case wheré al ancé i h voltage is corrpgr?s?:

case there Eﬁf@eggﬁ{%ﬁﬂéaﬁﬁﬁnc £o1l B%lhé‘oél Hg%ﬁiﬁaeif%éﬁ%&eé%ﬁ:e%o%.

the fluctuations in e output voltage~li an put current 1a,

ib, ic, shich arergaysned owephert Bneer phages 55 qunhalARgech UPh LIRS or
generated by the instantaneous voltage drop, or the like. According

to the resuhbx ofhthe ®xper i ersiionScpasstblie gdivo6Beck 4Ha the

ef fectiveness of the unbal anced vol tage conpensation control. 20FI G
10 shows chundakanstedsvei tawe casamiesa ttiheni puicpbaseawrwel t age

el, suddenl¥ dropped to 50% and thereafter it was resuned to 100%
FIG 10A il FesmibRrasathe chfebiinse pPRoeabsieahcetdevdiebgéerminated,
conpensati on_was not perfornmed; and FIG 108 25 illustrates the case

where the uhB&%arted FOLhRUSSFhEST &P BRESdN gt Potife HreBeMloL.

[ ti ned. 1 th wh t h bal d | t
componsali OAMMBS borforbdl Sl BARGR UBI Fade VA ek CREpP Ongrans

amjthe”3m@ﬁ&ﬁ@mﬂo%éfyegﬁvé%QEQH”&BH%%Ol process and the

unbalanced voltage compensation process are
terminated.
In the configuration for allowing the program to
15 activate the CPU, similar to the case of the circuit
configuration, it is possible to implement the
functions of the unbalanced voltage compensation and
the power conversion.
Subsequently, with reference to FIG. 10 to FIG.
20 15, an explanation will be made regarding experimental
examples of the unbalanced voltage compensation
according to the present invention. FIG. 10 to FIG.
15 illustrate measurement data, which is obtained when
the three-phase converter is controlled by the
25 unbalanced voltage compensator according to the
configuration example as shown in FIG. 7.
Measurement is performed under the condition that

the three-phase rated line voltage is 200 V, the
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FIG 11 and FIG 12 are enlarged views of FIG 10, and FIG 11

il lustrates the case where the input 5 phase voltage el a suddenly
dropped from 100%to 50% and FIG 12 illustrates the case where the

i nput phase voltage ela recovered from50%to 100% FIG 11A and FIG
12A illustrate the case where the unbal anced voltage conpensati on was
not perforntdreaadphlage 1dAte@ dnidn &l Gark2Bi t11sslFatse & hetitaseawtrerer
t he unbal anced vol t age conpensati on according to the present

i nventi on WA §sERE8CHed S| L § <5 pbdig bl Bheo Headimdony oAd Fdgul e tmat

the input currentib . ic made a_hi gh-speed response fromthe sudden
change poi nVOU5EPE) 1F i $PAsVirated®allorpaht K sERPHC LR dct ef i $PI0cHF .

wh the i t It f the three-phase Al wer.. sour ge
100 shown i fiP% ??J?S%msé%%ggﬁﬁéﬁy%ﬁﬁéﬁﬁémﬁﬁ i zuéﬁﬁgtu&f mla% the
i nput t LG 4 ' t sqt he

Vol t age bompeniat o8 S hbR! X M EROL"C ISR (RS PReTE TAPE W
case where the UfR2kangeidakel AL c@ONMPERSALIPN: 26€0rdl Ng ol \Fﬂénd the

present invention was performed. As shown in FIG 13B, when the
unbal anced talregepda coOMPLBsd 1dmsasupeleper{ormed,s ia, ithéowddtage

that there were a | arge unbal ance in anplitude of input current and
di spl acenent sof upghitselandire.padt he bhkeennmandanas & ot g eFh@d t3HE&n
it is found that an effect from
recovered. Under this condition, an influence is
10 compared between the case where the unbalance in
voltage is compensated for and the case there is no
compensation. Here, the influence is represented by
the fluctuations in the output voltage V4. and the input
current i,, ip, i., which are caused by the three-phase
15 unbalanced voltages generated by the instantaneous
voltage drop, or the like. According to the results
of the experiments, it is possible to check the
effectiveness of the unbalanced voltage compensation
control.
20 FIG. 10 shows characteristics in the case where
the input phase voltage e;, suddenly dropped to 50%,
and thereafter it was resumed to 100%. FIG. 10A
illustrates the case where the unbalanced voltage
compensation was not performed; and FIG. 10B
25 1llustrates the case where the unbalanced voltage
compensation according to the present invention was

performed. In the case where the unbalanced voltage

compensation was performed, the output voltage Vy. was
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t he conpensation control by perform ng the unbal anced voltage
conpensation of the present invention brought about a favorable

bal ance both in anplitude of the input current and the phase angle.
5FIG 14 illustrates the case that the input phase voltage ea from

t he three-phase AC power source 100 of FIG 7 was dropped by 100% and
reached zerbepdl tagast@Gt . 14md| thsireit we s hehprputa vEevaesb 1R G
14B il lustrates the case where the unbal anced vol tage 10 conpensati on
was not perPEAFRIFMENFFI G 14C illustrates the case where the

was performed.  THETPeah T B IR C14d NGRS (T2 BERA Y AG R T8 BHRE -
bal d | t [ f i.nvent | th
Vol tage sag Secar Bt AE Tor ehH N T RUREE T et SR hBl the' FhRR®

phase vg tagﬁaesae of otihey gaegﬁpsaaﬁéﬁ OVl o SRUECE AR Ao dd G o7 sHBS;

dropped by 100% and reac e zero voltage, Tt is 20 possible to
keep the amahidt gdes an2 thel phases 08¢l e ndf ddweiWRErLWHENMnpAL bR dde

be nearly balanced in three phases. FIG 15 illustrates an input
phase vol t ageldraoper athe nadoareragutf reamr 80 hal dnced .r atfel G Act ardiargd
25 to FIG 15, in the case where the unbal anced vol tage conpensati on
was not perFéfmedl 2&rilahbhe tmake itie heafiqgure rewehet b apanced
phase\Kﬂtaggf¥£§erggiggﬁsation was not performed; and FIG. 11A
10 and FIG. 12B illustrate the case where the unbalanced
voltage compensation according to the present
invention was performed. It is possible to read from
the figures that the input current i,, i,, i. made a
high-speed response from the sudden change point.
15 FI1IG. 13 illustrates a comparison of
characteristics, when the input phase voltage e, of
the three-phase AC power source 100 shown in FIG. 7
was dropped by 50%. FIG. 13A illustrates the input
voltages, FIG. 13B illustrates the case where the
20 unbalancedvoltage compensation was not performed, and
FIG. 13C illustrates the case where the unbalanced
voltage compensation according to the present
invention was performed.
As shown in FIG. 13B, when the unbalanced voltage
25 compensation was not performed, it is found that there
were a large unbalance in amplitude of input current

and displacement of phase angle. On the other hand,

as shown in FIG. 13C, it is found that an effect from
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20% the input current bal anced rate was 67.9% On the other hand,

in the case where the unbal anced vol tage conpensati on of the present

i nvention was perforned, favorable characteristics were shown as the
foll owi ng; when the input phase voltage drop rate was 5 20% the

i nput current bal anced rate was 94.5% and the input current bal anced
rate was kept & FamRe RSyl PROACIL 004t BYSBETHBERHEY e svehalpnced
i nput phase valtage drop rate, fromQ0%to 100% The results above

have been oBdi hddep§oMRensadhdt i venteoRIGSTUT LI EFM S A PROUIRE
nbal anced | t age _c ensation of the present i.nvention.to_a

lrjepr esent at :é\%eo%g\/\? ﬁ%%ﬁtobl%egﬁéha@?gg?ﬁe{%t g ‘W\Pgﬁq%‘iﬁsé’f as"®
sem conduct qr, u%@%y&igg S04 pERNt, L Lk uiaclingli)éstal manuf act uri ng
equi pnent, or the like, and it is I‘?)ossi |'e"t0 achi eve the

perfornmance whichrsati afd a3 108 vl {88 gadoalsandarHe (SEM 1 461029 se
(1) required in the sem conductor manufacturing equi pnent or the

| i ke. By wayodft&ganpl.e fibn ke MR { pge g8 OpCr Pewad? FWurce 100
duration at the voltage sag, as defined in the voltage sag standard
(SEM F47- 026@0F IGL) 7 Rersceitopp edoiviynalo O/blarader @aadhdut e 0o wbitage.
vol tage sag in seconds are 50% and 0.2 seconds. As shown in the

experi ment aF Tesul ¢ Aofi Flos tra t A sadgoei AMROht Wl T a0 e sst andgr-d,1 28
when the experinent was conducted with the maxi num voltage drop rate

of 50% and tHe ¥FARATES of PP S@RE8Rd THEFRe VRN G2 VBPCRfE ¥8d tade

| t duct i able to be i d_drastical f '
he. “vold agH RF nERYAEA: MBI aRed BIbEPE 19 uhBH ARdEd vbt Eage

compensat | 08 1qfy L be iS5 eRh d WERL! ke bROYGN ! NG 0P LAGS 47981 d1Fe
i n the neasurenment gata was extende I mes ?onger an e stlan rd
value (= | 2owRFONIAG i R8eaISYding to the present invention was
performed.
The result of FIG. 14C shows that according to
15 the unbalanced voltage compensation of the present
invention, when the voltage sag occurred due to earth
fault, that is, even when the input phase voltage e.
of the three-phase AC power source 100 of FIG. 7 was
dropped by 100% and reached the zero voltage, it is
20 possible to keep the amplitude and the phase angle of
the input current i,, i,, i. to be nearly balanced in
three phases.
FIG. 15 illustrates an input phase voltage drop
rate and an input current balanced rate. According
25 to FIG. 15, in the case where the unbalanced voltage
compensation was not performed (triangle marks in the
figure), when the input phase voltage drop rate was

20%, the input current balanced rate was 67.9%. On
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As descri bed above, according to the unbal anced vol t age conpensati on
of the present invention, it is possible to conpensate for the

I nst ant aneous vol tage drop, and even at the tinme of instantaneous
voltage 10 drop of the input voltage, power is supplied stably to the
DC | oad. Therefore, conpared to the configuration of the

i nst ant aneoti® e o EBge drapdoorbensdte onawe chheariel iYee anhalagsed
devi ce such as a capacitor and a storage battery, it is possible to
15 achi eve ¥°0on?PEurcRMBRISGHE e G A & HRE R ESTENt é?é’(ﬁ}’stze:ﬂt s
drop conpengation, bejng smaller in._size, longer.inlife, an ower

in (F:)ost .rrpl npgd:at??lrglﬁ,ea 's%r?cveolfﬁglse[ 8?‘6?9%385‘?1’%?85 fgré%f‘ffes]iﬁﬁ ] asdthe
capacitor a e e i enmpl.qye | 0 is _easy. to do
ma!ont enancegg&?i ?ﬁgkgg'nf“ﬂg%%aﬂ&gniﬁéﬁe%ﬁs eaﬁf%%égése vo¥?8gea&:reoﬁﬂas

conpensaf i 08 g sFUr L HRr M §u tSIRELrER® RPNBE N ALH OL 243D PEsi WL 0¥8d, Ahg

hi gher harnoni ¢ wave can be suppressed by the power factor
| nprovenent t h2bAacpn @i BE e h Bepunkal aaeeea40d 188 KReFENSAL AR fange

the present invention, in particular when the PFC control is
enpl oyed, tfiewoen ag 2 .advabhbages. 3 Bclaudt og st ithd obkewt 0ys; ideae iphase
littl e need of new plant and equi pnent spending, the size is
drastical | yveédirae Syr@pi marfet i nridme 8&ortagel @éwice unit, and
peri odi cal WmrﬂenggCiégui%%Mgé8;$HELV%@%£EHGQQQ2?;%% by the
10 experiment conducted by applying the unbalanced
voltage compensation of the present invention to a
representative 5kW RF (Radio Frequency) generator,
which is used as semiconductor manufacturing equipment,
liquid crystal manufacturing equipment, or the like,
15 and it is possible to achieve the performance which
satisfies the voltage sag standard (SEMI F47-0200) (1)
required in the semiconductor manufacturing egquipment
or the like.
By way of example, the maximum voltage drop rate
20 and duration at the voltage sag, as defined in the
voltage sag standard (SEMI F47-0200) (1): Percent of
nominal voltage and duration of voltage sag in seconds
are 50% and 0.2 seconds. As shown in the experimental
result of FIG. 10 in association with this standard,
256 when the experiment was conducted with the maximum
voltage drop rate of 50% and the duration of 1 second

in the event of voltage sag, the voltage reduction was

able to be improved drastically by performing the
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In addition, according to the unbal anced voltage 5 conpensation, even
when there occurs an extrene voltage sag, i.e., in the event of

nearly earth fault, it is possible to performthe unbal ance
conpensation control as far as an active phase renmai ns as a energy
source. 10The constant current command val ue generat or generates
current convenrldt #gkué ad ghep e rfg ahithe Posoridda phhsetbequenicelanced
conponents of the d-axis and g-axis voltage signals based on the AC

i nput vol t ag&sl bRg et ﬁ@“\ﬁ%ﬁﬁﬁ%ﬁg‘é“c%ﬁt?%ﬁ BF§FR " bakBY e®f $pe .DEhough

t 15 It th b li i.ck onse by the input
current  commil CPTATSGFRR EHES I fRIGRG e T RESRE | ApEE Was

vol t ages, a i uat i of, .t out.put -vol { age.can be
supprgssed. g&teﬁggo%u;%u'{i@%%e?lélﬁgggurtrhe%ﬁ ggteec %??dtahreé Z%a\}&e[ ag“e a
detector; an@gddeaz@des delrmtga)DC output power signal, and the

adder adds the DC out put power signal to the DC voltage control

signal, whereby the awss@gebRAEDLEPEr AtdSovalingl teVWehd HHKK1anced
response agai nst the | oad amount fluctuations of the DC | oad 25 which

out put s t hevidQ toaiyput: guoyen s adntlo aUpEr edseSpibe caxEesavemtion, it is
fluctuations of the DC output voltage. The synchronous si gnal
gener at or gbPosrikdea taymtmpeasa teghialr, tHnel tach aftehe adygs axpd tage
converters _perforns the conversion according to the synchronous
signal "s", dfdin t AREe-phaBe alo ER6- fHaBe of fivmtomntpnasagovoltage
I e eSS SR SONLanily, KesRg, e poter L3O 10 by o caay
unbalanced.to the DC load. Therefore, compared to the
configuration of the instantaneous voltage drop
compensation which utilizes a storage device such as
a capacitor and a storage battery, it is possible to
15 achieve a configuration for performing the
instantaneous voltage drop compensation, being
smaller in size, longer in life, and lower in cost.
In addition, since the storage device method such as
a capacitor and a storage battery is not emploved, it
20 is easy to do maintenance for the configuration of the
instantaneous voltage drop compensation.
Furthermore, since the power factor can be improved,
a higher harmonic wave can be suppressed by the power
factor improvement.
25 According to the unbalanced voltage compensation
of the present invention, in particular when the PFC

control is employed, there are advantages including

the followings; there is little need of new plant and
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In addition, the centroid vector operation unit of the present

I nvention detects the |line voltage signals of the AC input voltages
and converts the signals to phase voltages, and therefore, it is 10
possi bl e to conpensate for the instantaneous voltage drop at every
measur enent point of tinme, regardl ess of whether the AC system of the
t hr ee- phaseeAQ jwen tsar ea din g hr dd-phase et lreedwiase ysfldy veduced
t hree- phase four-w re system 15lt should be understood that =

di scl osed eRBofi-AEHtRaZAR S Fd Iast? F pUicoAe vk CeHen ibdi Rindhiieopiodical

exanpl es are _j.ust exanpl es_of the instantaneous voltage _dro
c)c()rrprrgnsat orf“ajtlﬁ"et?ﬂ af&o FERBFPLARE dPIF Tofipendt i 6 H%fﬁ@&,e Gnd

t he i nstant aneous- 20 .t dr conpensati on. progar.a and the
T8 Pt SRR B S SH T e b Far e aae

present invention I's not TTimte 0

suscept 1l ec@infdRnass aid WAL ! AP NEn iDL AR hinG L £ adide

scope of the invention. Therefpre, such nodifications fall wthin the
anbit of theopresgatsay,i Avan!iiotn the evBIL: WLSLOAAIRVRIYEOA €80 I0E,

applied to a facility which requires a stable power supply being
smal | in voitade fdesbiatlieonsoopettfotrnadhsd dmbaleh®&s compensation
sem conduct or manufacturing equi pnent, in particular.
control as far as an active phase remains as a energy
source.

10 The constant current command value generator
generates current command value signals, from the
positive-phase-sequence components of the d-axis and
g-axis voltage signals based on the AC input voltages
and the DC voltage control signal based on the DC output

15 voltage, thereby enabling a gquick response by the input
current command signal against the fluctuations of the
AC input voltages, and excessive fluctuations of the
DC output voltage can be suppressed.

On the output side, the current detector, the

20 voltage detector, and the adder detect a DC output
power signal, and the adder adds the DC output power
signal to the DC voltage control signal, whereby the
average power operation unit allows a quick response
against the load amount fluctuations of the DC load

25 which outputs the DC output power, and suppresses the
exXxcessive fluctuations of the DC output voltage.

The synchronous signal generator generates a

synchronous signal, and each of the dg-axis converters
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What is clainmed is: 1. An unbal anced vol tage conpensati on nethod in
power conversion for subjecting three-phase AC 5 voltages to PW
conversion and outputting DC voltage, conprising, a centroid
vect or operation step for obtaining we-phase voltages which are 120Q
out of phase with each other, fromline voltages of the three-phase
AC 10 vol t a§&F T arBymdi? i AR VEFHHORANE P EGLary dhostbp BSarnchronous
cal cul ating symmetrical gponent vol t ages of a three-phase bal anced

co
system froftHt2we-SphasETWdt t bfeeanelage b8t iHRIPBRIhe® EeFORd
vector 15 oggﬁﬁli n %ped vol
|

d bal .
conpensat i on st ep f;‘osfet 1&8(? rﬁﬁﬂﬁeg 'cpolﬁﬁgﬁgat{lqbarg g}’né"lo?ﬁﬁ:%%g%%ngﬁ?ipﬁgng
for unbal anggd, ol {;a9eSe 9L + I efgglig\s/\%lréga\f(&fégg.s’ofrkghg%tﬂeeft LAY ac

t he t hree-phase 'AC vol tages to t conversion to generate a

control ssi gadlpd Or veulPa§EisNth £ 8€plAG ¥REEWSG r W8P Dancea. the
centroid vector operation step perfornms a vector operation as to al

conbi nations of twa kid®ivobhagashahteh tafeigehededrf bp@tdeibnn@nit
vol t ages, 25 obtains centroid vector voltages which are directed to
respective bdrnilmal puyd s agds fnoend iten nied e wokt agee céltreoi doltage
according to the vector operation, and renders the vector voltages
respectivel §i&nahe of the AC input voltages and converts the
signals to phase voltages, and therefore, it is

10 possible to compensate for the instantaneous voltage
drop at every measurement point of time, regardless
of whether the AC system of the three-phase AC power
source 1s three-phase three-wire system, or three-
phase four-wire system.

15 It should be understood that disclosed
embodiments and the descriptions of the modification
examples are just examples of the instantaneous
voltage drop compensator, the instantaneous voltage
drop compensation method, and the instantaneous

20 voltage drop compensation program, and the present
invention is not limited to those embodiments, and it
is susceptible of changes and modifications without
departing from the scope of the invention. Therefore,
such modifications fall within the ambit of the present

256 dinvention.

The present invention can be applied to a facility

which requires a stable power supply being small in

voltage fluctuations on the load side, such as
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wye- phase vol tages which are 120Q out of phase with each other, and

t he unbal anced vol t age conpensati on step generates the conpensation
signal for conpensating for 5 the unbal anced vol tages of the

t hr ee- phase AC vol t ages based on a zero-phase-sequence vol tage of the
symetri cal conponent voltages which are obtained in the symetri cal
conponent c&lEdl apnRGi st ep, Wbt RS Weipmseavdnnges bdsed on the
symmetrical conponent 10 voltages and the conpensation signal, the
wye- phase vBAGHgESUdéig 120Q out of phase with each other as to

whi ch t he unbal anced vol tages have been conpensated for, and subjects
t he three-phase AC voltages to the PWM conversi on based on the

wye- phase voltages to 15 generate the control signal for outputting
the DC voltage. 2. The unbal anced vol t age conpensati on net hod
according to claim1, wherein, 20the synmmetrical conponent

cal cul ation step subjects each of the wye-phase voltages obtained in
the centroid vector operation step to dg-axis conversion to cal cul ate
a d-axis voltage signal and a g-axis voltage signal, subjects the
d-axis voltage 25 signal and the g-axis voltage signal being
calculated to frequency separation, obtains a positive-phasesequence
vol tage froma DC conponent, and cal cul ates a negati ve-phase-sequence
voltage froman AC
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conponent. 3. The unbal anced vol t age conpensati on net hod accordi ng
to either of claim1 and claim2, wherein, 5the symetrical conponent
cal cul ation step cal cul ates the zero-phase-sequence voltage according
to anplitude cal cul ated fromthe negative-phasesequence voltage and a
phase cal cul ated fromthe positive-phase-sequence voltage and the
negative- 18haskssagheh®ed/gl$age. 4. The unbal anced vol t age
conpensati on nethod according to either of claiml1l and claim 2,
wherein, actual measurenent values of the |line voltages 15 correspond

-to- i th trol sjgpal, .and trol_signal i :
Goner at ed bised ot o RELAA FRada Ztﬂaea?”ﬁcacﬁﬁﬁls%%fa‘?%E'Pf‘i%%%aﬁ s
t i L 2 valt
Compensat | ohCim hod anesr S eel (EOFI & re J0EHAPY; THEYB40E, ac
measur enent yyaliegeal tbhewi e ¥ okkadesn CRRKESRAYIORE 1ty ANEW & D thahfe |

control signal, and one control signal is generated based on the
actual 25 neasmpreieatng/al ues of the line voltages at one neasurenent
point of time. 6.An unbal anced voltage conpensator in power
a centroid vector operation step for obtaining
wye-phase voltages which are 1202 out of phase with
each other, from line voltages of the three-phase AC
10 wvoltages,
a symmetrical component calculation step for
calculating symmetrical component voltages of a
three-phase balanced system, from the wye-phase
voltages that are obtained by the centroid vector
15 cperation step, and
an unbalanced voltage compensation step for
forming a compensation signal for compensating for
unbalanced voltages of three-phase AC voltages, and
subjecting the three-phase AC voltages to the PWM
20 conversion to generate a control signal for outputting
the DC voltage, wherein,
the centroid vector operation step performs a
vector operation as to all combinations of two line
voltages which are selected from the line voltages,
25 obtains centroid vector voltages which are directed
to respective terminal voltages from a terminal-

voltage centroid according to the vector operation,

and renders the vector voltages respectively as the
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conversion for subjecting three-phase AC voltages to PWM conversi on
and outputting DC vol tage, conpri sing, a centroid vector
operation unit for obtaining we-phase voltages which are 1202 out of
phase with 5 each other, fromline voltages of the three-phase AC

vol tages, a symmetrical conponent cal culation unit for calculating
symnﬂrlcalw&ﬂnﬁhéﬁ@\Mﬁié@ﬁﬁ%fWQRQ#eérﬂ%%%OBMQﬂ%e@fsthﬁ? frict
t he wye- phase 10 volt%ges that are obtained by the centroid vector
operation uRAch unbal anced vol t age conpensatlon uni t

f f t f t b I d
Vol tages of thr eel BRad el%k%%aegf%ﬁaﬁ%”%ﬁ”ci%ﬁ”&% 1o 5 £85°
three- phasegégevféi:@%eﬁﬁteof)é%?o ' 36 eqn%ll\ﬁere?ﬂatlofg%grﬁh]er?sg%ml{ a’:‘or

signal for outputting e centro

vector qper 'Bh'eoﬂn%iaﬁ%ré(cprv@l@a&%cst QrE QR %tﬂloé‘eai)ﬂaps 8ldc voltages
conbi nations of two line 20 voltages which are selected fromthe |i'ne

vol t ages, obhaid® 6antd o dr'veqia seold agas nde Chroara der @Gt ednko
respective termnal voltages froma term nal -voltage centroid, and
renders thesysmtetricahgesmpespenti vellyt agesherhiyehphase oot sagesi in
which are 1202 25 out of phase with each other, thereafter outputting
t he vol t age§hearftly e tunbakdncsgnp ontegye c@ﬁ:gsn%attacsm uatep, obtains

wye-phase voltages based on the symmetrical component
10 wvoltages and the compensation signal, the wye-phase
voltages being 1202 out of phase with each other as
to which the unbalanced voltages have been compensated
for., and subjects the three-phase AC voltages to the
PWM conversion based on the wye-phase voltages to
15 generate the control signal for outputting the DC

voltage.

2. The unbalanced voltage compensation method
according to claim 1, wherein,

20 the symmetrical component calculation step
subjects each of the wye-phase voltages obtained in
the centroid vector operation step to dg-axis
conversion to calculate a d-axis voltage signal and
a g-axis voltage signal, subjects the d-axis voltage

25 signal and the g-axis voltage signal being calculated
to frequency separation, obtains a positive-phase-
sequence voltage from a DC component, and calculates

a negative-phase-sequence voltage from an AC
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generates and out puts the conpensation signal for conpensating for

t he unbal anced vol tages of the three-phase AC vol tages based on the
zer o- phasesequence voltage of the symmetrical conponent voltages

whi ch are obtained in the symetrical conponent 5 calculation unit,
obtains the wye -phase vol tages based on the synmmetrical conponent
vol t ages andotmoxemdensati on signal, the we-phase vol tages being
120Q out of phase with each other as to which the unbal anced vol t ages
have been conpensated for, and subjects the 10 three-phase AC

vol tages to_the PWM conversi on based on the wye-phase voltages to
generate thé-conttBe dgRatamFeduipt tRAG (FRMPENRA Tt 2GR Trethed

bal anced yal t age. t ding fo 15 claim 6
he.symot r FESIS LORBOnGHT ShPEA o bn oo L0 sLoPBa < LALR' g1 (HBeTein

wye- phase vol tage@h%btsg% fd .y £he %ed}BQB;E)O r%’?%%ﬁ&?f%%;iinoo Zg@ia(-:.;[pto

dg-axi s conversion to culate a d-axi age signa

g-axis vol t age i PARles SHDE €64 $ ol fz@XiSe ¥ALNRAE B 8RAlgANL EBS ding
g-axi s voltage signal being calculated to frequency separation

obtai ns a pesi tdiwvgiphaseseguancel veld@oeriondMm ReDe ORI phase -
cal cul ates a negati ve-phase-sequence voltage froman AC conponent, 25
and out put sselgp:gposiet iwel phase-seduencehuald agelaudl4hed from the
negat i ve- phase- sequence voltage to the unbal anced vol tage

conpensat i oROgr §1veg plyhsepsduncat vobtldgeg e ompehshher megoatdivg-

to either of _claim6 and claimZ7, wherein,
10 phase-sequence voltage.

4. The unbalanced voltage compensation method
according to either of claim 1 and claim 2, wherein,
actual measurement values of the line voltages
15 correspond one-to-one with the control signal, and one
control signal i1s generated based on the actual
measurement values of the line voltages at one

measurement point of time.

20 5. The unbalanced voltage compensation method
according to claim 3, wherein,
actual measurement values of the line voltages
correspond one~-to-one with the control signal, and one
control signal is generated based on the actual
25 measurement values of the line voltages at one

measurement point of time.

6. An unbalanced voltage compensator in power
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the symmetrical conponent cal culation unit cal cul ates the

zer 0- phase- sequence vol tage according 5 to anplitude cal cul ated from
t he negati ve- phasesequence vol tage and a phase cal culated fromthe
posi ti ve- phase- sequence voltage and the negati vephase-sequence

vol tage, and outputs the zero-phasesequence voltage to the unbal anced
vol t age 10 ecempemsatiioon mitt subdeThé nghbdh naeed vabeads conpeagat=orto
according to either of claimé6 and claim?7, wherein, the unbal anced
vol t age conpP¥is&AbReHFiito N1 RRd neRiPakt bha dcBEt VeIl s gral cwimprising,

respect to actual neasurenent values of the |ine voltages at one
measur ement poi nt2of et d vectsr pRrefAfdARcEBd Vb fage cPtaining

conpensat or_according to claim8,. wherein, unbal anced vol t age,
conpensat i ol &ni?hag%ervé Jgga(?nees cgﬁﬁc\ﬁl §F§ne§1£§:n8t R %esPéc E_bsﬁcf”f%aqh
measur engent h pe e epR L PLOLAL A
e, 25 13 2A T B TpnaveoRonvart o oL sRa SR ol Ralf “FRESSThEhell e
subj ecting {bnees;gphase AC voltages to PWM conversion and outputting

DC vol tage, conpri sing,
a symmetrical component calculation unit for

calculating symmetrical component voltages of a
three-phase balanced system, from the wye-phase
10 voltages that are obtained by the centroid vector
operation unit, and
an unbalanced voltage compensation unit for
forming a compensation signal for compensating for
unbalanced voltages of three-phase AC voltages, and
15 subjecting the three-phase AC voltages to the PWM
conversion to generate a control signal for outputting
the DC veoltage, wherein,
the centroid vector operation unit performs a
vector operation as to all combinations of two line
20 voltages which are selected from the line voltages,
obtains centroid vector voltages which are directed
to respective terminal voltages from a terminal-
voltage centroid, and renders the vector voltages
respectively as the wye-phase voltages which are 12009
25 out of phase with each other, thereafter outputting
the voltages, and
the unbalanced voltage compensation unit

generates and outputs the compensation signal for

101



a centroid vector operation step for obtaining fromline voltages,
wye- phase vol tages which are 1202 out of phase with each other, a
symmetrical conponent calculation step for 5 cal culating synmetrica
conponent vol tages of a three-phase bal anced system fromthe

wye- phase vol tages that are obtained by the centroid vector operation
step, and afofibRPaARdER Folfcaget BenpankaticdirefeydbFage s oo i fid e
conpensation_signal for conpensating for unbal anced vol t ages of

t hr ee- phase TRAE KR PRFRS Afd EUbFESS HgP B¢ § hPBe-TIhas& SAC VvBPASfes

he PWM ' | _si | . f ' h
D vol t age, “HALTERRE T80 QErTT GHHE FSOLDR CapEy At GHILIRF PorT O e 36

vect or Opergthi ith aaﬁteo T Q'[@&nﬁtni Q%%?SES#Melt- ecl%fl tc%?rggoié%:nt@

are selecte romthe Iine vo t ages, S centro vec ages

whi ch are dbhadedata JERECE], VO LRHIM ah ¥ Y 2088 IOV L 85 Blasea
20 voltage centroid according to the vector operation, and rénders

the vector vel tiages svaapeeirivedy asnipenwha- Phase e s agess Woheh are
1202 out of phase with each other, the unbal anced voltage

conpensat i opostrepn 856 tgenersat @s atihe thenpgrsaphas svglat agers being 12009
conpensating for the unbal anced vol tages of the three-phase AC

vol t ages baséd eF ahamo-phibeegssquerideevotsage whiche thamestbatahnced
conmponent vol tages which are obtained in the symmetrical conponent
cal cul ati onV&tldR 98Bt &%empéﬁﬁé‘s%“laﬁptség‘é@dbg%r ohnfhé W heets dde

conponent voltages _and the conpepsation signal, the e- phase
vol taggsrb be?h&%’zbﬁg&ﬁeo Cpllfgg]e{'?sﬁﬁ? ea®h *Gthef WHs c3nvBrE T on pasea
on the wye-phase voltages to generate the control

signal for outputting the DC voltage.

7. The unbalanced voltage compensator according to
15 claim 6, wherein,
the symmetrical component calculation unit
subjects each of the wye-phase voltages obtained in
the centroid vector operation unit to dg-axis
conversion to calculate a d-axis voltage signal and
20 a g-axis voltage signal, subjects the d-axis voltage
signal and the g-axis voltage signal being calculated
to frequency separation, obtains a positive-phase-
sequence voltage from a DC component, calculates a
negative-phase-sequence voltage from an AC component,
25 and outputs the positive-phase-segquence voltage and
the negative-phase-seguence voltage to the unbalanced

voltage compensation unit.

102



5 to which the unbal anced vol t ages have been conpensated for,

subj ects the three-phase AC voltages to the PWM conversi on based on

t he wye-phase voltages to generate the control signal for outputting
the DC voltage, and the control signal generated in the unbal anced 10
vol t age congensati on step controls a swi tching operation of the

t hr ee- phase8convefhér und slppeed rhel tade-phape nAG Yokt agesordime to
PWM conversi gn and out put the DC voltage. 15 12. The three-phase
converter cBAtTAT nBEhdH 2éforkli AG% & ER&MM 1, WiHReTRI R, t he

symetrical conp Pﬁnt cal cul atj on steC[) subjects e f the wye- phase

vol tages obt ai ned™ 'R AR EA T A1y EXBP OG5t &t P8 cs"igﬁttld’%l Uit 20
conversi on Egl@dfﬁlt%(fe thd- %%?—é:éﬁéé‘ge ﬁsécgugghc%anolga?%zal%’é’!ﬁ:%Qng

signal, subjects T axl's vo ST gna axi age

signal hei ngoC@n‘PH_'L:a..ttet‘ﬂiécharl%yfﬂ(%)édseﬁi‘ﬁ%'1915‘@. thgaéeiv% phase -
posi ti ve- phasesequence voltage froma DC conponent, ‘and cal cuI ates 25

a negative- phaaresequenset 4old agedf opRAsAC compenaitealErdiethe
t hree- phase converter control nethod according to either of claim 11

and cl ai m 12psuheteenphase - sddeeaymretoilda geoama@henhecal €gb atiivan-
step cal cul ates the zero-phase-sequence voltage according to

anpl i tude chhés et 86 auehe ehy mlehatieve-phdseutipgégudiice zelnagphase -
a phase calcul ated fromthe positive-phase-sequence voltage and the
negat i vepha$893itefc& bt 24§e. t o 12heThHanbiirleel pras &7 ¢ dhRete er

cont roI rret hod
compensation unit.

9. The unbalanced voltage compensator according to
either of claim 6 and claim 7, wherein,
the unbalanced voltage compensation unit
15 generates one control signal with respect to actual
measurement values of the line voltages at one

measurement point of time.

10. The unbalanced voltage compensator according to
20 claim 8, wherein,
the unbalanced voltage compensation unit
generates one control signal with respect to actual
measurement values of the line voltages at one
measurement point of time.
25
11. A three-phase converter control method, the
converter subjecting three-phase AC voltages to PWM

conversion and outputting DC voltage, comprising,
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10 according to either of claim1l and claim 12, wherein,

actual measurenment values of the line voltages correspond one-to-one
with the control signal, and one control signal is generated based on
t he actual neasurenent values of the |line voltages at one 15
measurenent point of tinme. 15. The three-phase converter control

met hod accordi ng aocelrei 18 wéekeim, opetradliomasuregmefivrvalhiesiofing
the line voltages 20 correspond one-to-one with the control signal,
and one confrsim shimal vipd tgehesat ¥E Swasld sen ithet agemlvinbabupeeedt2 09

val ues of the line voltages at one neasurenent point of time. 25 16.
A control | ePUdf Aft REASE ph¥dd R oRF&EN € LRET subj ecting t hree- phase AC

Centro d vector oBeFITBACAAI™ T of SHIST APy SSHFon # FAEof Fageor
wye- pha_s{)e Velathgffa\e,‘lirf:&] ngrlnge,z@gl%"g]t 0%091 e}‘l\'itt hzc?f%g é?e{)f 351
symmetri cal conponent cal culation uni or “cal culating s trica
conponent vehhagesSplfase balanced system, from the wye-phase
voltages that are obtained by the centroid vector
operation step, and
an unbalanced voltage compensation step for

10 forming a compensation signal for compensating for
unbalanced voltages of three-phase AC voltages, and
subjecting the three-phase AC voltages to the PWM
conversion to generate a control signal for outputting
the DC voltage, wherein,

15 the centroid vector operation step performs a
vector operation as to all combinations of two line
voltages which are selected from the line voltages,
obtains centroid vector voltages which are directed
to respective terminal voltages from a terminal-

20 wvoltage centroid according to the vector operation,
and renders the vector voltages respectively as the
wye-phase voltages which are 1202 out of phase with
each other,

the unbalanced voltage compensation step

25 generates the compensation signal for compensating for
the unbalanced voltages of the three-phase AC voltages
based on a zero-phase-seqguence voltage of the

symmetrical component voltages which are obtained in
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5 three-phase bal anced system fromthe we-phase voltages that are
obtained by the centroid vector operation unit, and an

unbal anced vol tage conpensation unit for form ng a conpensati on

signal for conpensating for 10 unbal anced vol tages of three-phase AC
vol t ages, and subjecting the three-phase AC voltages to the PW
conver si on tdegesienaed wl cedt racdmpogreal t f ol lozy patttiiony sheDC obtains
vol tage, wherein, the centroid vector operation unit perforns a 15
vect or operHﬁfeO‘rP]é@SteoVéHtéemﬁ ﬁ’a?tﬁ%@soﬁfthﬂoswweevéﬂpa@es?ﬁmp@hlent
are selected fromthe |linpe vol tag obtains centroid vector voltages
whi ch are diPddtadefo Al pbls \ROPBLRRFAF 198 tsab€§aflron¥88 wye-phase

Lendbra 1 novbadades: it fnd At BS o co ey ke $EpRY as
whi ch arge 1%92wﬂatcr9ftrp@%§ %’%tam@@&hvgitﬂ% ;H?avgbggg%cg%m 'ag%&ed

conpensati on unit generates e Co ensatl conp

for 25 the gphal anggq oot § agRe thfé‘é bﬁf@@epﬂ%ﬁe\rcfﬂ)éﬁ'et@%é Pﬂ%e%WM

on a zero-phase-sequénce vol tage of thée symetrical conponent

vol tages whieh e £sakiraibrade 8 o h heh 8 WieL-iiitad e CRERANATYE s Cob Cyib AbirAIt e
unit, obtains we-phase voltages based on the symmetrical conponent
vol tages antihtehe coohpeds atiimadi doal ou hepumte-phaskevDlt agest Agieng and
120g out of phase with each other as to which the unbal anced vol tages
have been conpensthéd @1 brolsub] goes thenemaeeeghdse Woevolnzgésnaed
t he PV\M conversi on based on the we-phase voltages to generate the
contr ol %lgﬁ&l??ﬁeoﬁﬂﬂﬁ?Pﬁ@§¥@nD@ﬁRWt&@@tﬁﬁés a switching

operation of the three-phase converter to subject the
three-phase AC voltages to the PWM conversion and

output the DC voltage.

15 12. The three-phase converter control method

according to¢ claim 11, wherein,
the symmetrical component calculation step

subjects each of the wye-phase voltages obtained in
the centroid vector operation step to dg-axis

20 conversion to calculate a d-axis voltage signal and
a g-axis voltage signal, subjects the d-axis voltage
signal and the g-axis voltage signal being calculated
to frequency separation, obtains a positive-phase-
sequence voltage from a DC component, and calculates

25 a negative-phase-sequence voltage from an AC

component.
13. The three-phase converter control method
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the control signal generated in the unbal anced vol tage conpensati on
unit controls a swtching 10 operation of the three-phase converter
to subject the three-phase AC voltages to the PWM conversi on and
out put the DC vol tage. 17. The controller of the three-phase
converter 15 according to claim 16, wherein, the symetri cal
conponent cAFERBELeY be €isubpscef edeiiofll ndyelptiasd Jolwhagesin,
obtained in the centroid vector operation unit to _dg-axis conversion
to calculate a d-5Rfs SHMRESE LT §halCARBORE L AL YBfdRR §it§Ral
subj ects the q;ax's vol t.age signal and the g-axis voli%gg si gna

Vo

d ]
being. cal CUPRLSE 18t RNy SRRt For 5 GRpaIRe 4 01 tdae abCording
I tive-ph ' , t
posi {1 ve- phagesagenae, 4l Lage, £ Wy CF GOMmARENt . SRLSY LS8 2.0

negati ve- pha uénce vol'tage Trom an conponen output s

the posig i Vﬁeﬁ*i?éx?céeqilkﬁi"éﬁg?éo'éﬁlﬁe fNoh kR n@@ﬁbmeé@ggsec}%gﬂuecw

vol tage to the unbal anced vol t age conpensation unit.

control | er pbstinei YBr-earPHHasSe CRRATELIvEIGH ¢l NAnld €hkhele @5 tGhal m
16 and claim 17, wherein, the symmetrical conponent cal cul ation
unit cal cul phes d heezieren phase seggence vol tage according 5 to
anplitude cal culated fromthe negative-phasesequence voltage and a
phase cal cul ated fromthe positive-phase-sequence voltage and the
negat i vephase- sequence voltage, and outputs the zero-phasesequence
vol tage to tAe unblarardelefoPiReel1d TvpEtaE i eATeLl meothaHe

controller of the_three-phase converter according to either of claim
16 and lé)l ai ?nCEﬂrq\}]EIgei%HPeaJ'.tetler o% ciaim 11 ang c¢laim 12, wherein,

actual measurement values of the line voltages
correspond one-to~one with the control signal, and one
control signal is generated based on the actual
measurement values of the line voltages at one

15 measurement point of time.

15. The three-phase converter control method
according to claim 13, wherein,
actual measurement values of the line voltages
20 correspond one~to-one with the control signal, and one
control signal is generated based on the actual
measurement values of the line voltages at one

measurement point of time.

25 16. A controller of a three-phase converter for
subjecting three-phase AC voltages to PWM conversion
and outputting DC voltage, comprising,

a centroid vector operation unit for obtaining
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t he unbal anced vol t age conpensation unit 15 generates one control
signal with respect to actual neasurenent val ues of the |ine voltages
at one neasurenent point of tine. 20. The controller of the

t hr ee- phase converter 20 according to claim 18, wherein, the

unbal anced vol tage conpensati on unit generates one control signal

with respecfrogm dckpal vaddag efeniveal Rieg sef vichet higeess Wit afesrat 1@fe
measurenent point _of tinme. 25 21. An unpal anced vol tage conpensati on
program f or °&iY4 W n§ 2 tdnfdttdt e8cdkRth&%ach step of an unbal anced

vol t age conpensation_nethod.in power conversion for subjectin
t hr ee- phase AC voft 33&"‘?grﬁmgoﬁ\?&%‘?%ﬁng:nac%EF&&??H&J“DCW%I%t dge’
o 1%;ee T Byt EEL G Pes Sy 362 o1 gl bt o
each other, ¢+ & rETBhE <&l LaIHPHER! LA £kl I PROR BPhEOkye-phase
voltages that are obtained by the centroid wvector
operation unit, and
an unbalanced voltage compensation unit for
forming a compensation signal for compensating for
10 unbalanced voltages of three-phase AC voltages, and
subjecting the three-phase AC wvoltages to the PWM
conversion to generate a contrel signal for cutputting
the DC voltage, wherein,
the centroid vector operation unit performs a
15 vector operation as to all combinations of two line
voltages which are selected from the line voltages,
obtains centroid vector voltages which are directed
to respective terminal voltages from a terminal-
voltage centroid according to the vector operation,
20 and renders the vector voltages respectively as the
wye-phase voltages which are 1202 out of phase with
each other,
the unbalanced voltage compensation unit
generates the compensation signal for compensating for
25 the unbalanced voltages of the three-phase AC voltages
based on a zero-phase-seguence voltage of the

symmetrical component voltages which are obtained in

the symmetrical component calculation unit, obtains
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cal cul ating synmetrical conponent voltages of a three-phase bal anced
system fromthe we-phase voltages that are obtained by the centroid
vector 10 operation step, and an unbal anced vol t age
conpensation step for form ng a conpensation signal for conpensating
for unbal anced vol tages of three-phase AC voltages, and subjecting

t he t hree- pHISe HCA¥E vagesape st ba M dB thaveysinmont t o cgeheraipoaent
control signal for outputting the DC voltage, wherein, t he
centroi d ve¥Pdrt dpeFatdih §hép GRrPesMER hipdctvtInpdrattbs aye orhiase

conbi nati on f two line, voltages which are_selected fromthe |ine

vol tlagesl, Z%Og'ﬂ:taa?ﬁE I&’&thgi &aﬁ% t8|uli'vo‘?fa8§’sa%i ¥R T et BCe @ BR OO as
ti ] I roma.termnal -vqlta centroid

coordi ng. 1 5ot R Lode 1S 3B Sanfé Pas { RALREED SBuhagaeten

respectisvel ¥,as tg@b%%ﬁgaﬁﬁeV?#@QQnggg ace vjcgjpgagléts % o PPRSE pwm

wi th 25 each ot’her, and e unbal anced vol tage conpensation

step gener atenidies MBS § U 1988}y E0p HPIRPS aide EOF o tdenerate
unbal anced vol tages of the three-phase AC voltages based on a

zer o- phase- shguenaet ¥ollt ageywh 1t He rsymep aitaddln gorpenent Wil t ages, and
whi ch are obtained in the symetrical conponent cal cul ati on step,

obt ai ns wye- phasetheol cagetrbdsetii gnatlheyesyrmetr¢ dali. rconipenamb dlanced
vol tages and the conpensation signal, the we-phase vol tages being
120Q out of VPRI Qi CloReR Setthe nadi nbt wioTHt ¥ Ad surbab aridezh ¥Bigt ages
have been conpensated for, and subjects the three-phase AC voltages
to the B 51 B8R Bésé:al%ﬁltﬁ%empél%ﬁ&se%%g@é @ ﬁjl@éﬁ@?cattéle

th trol i | fti the D& Lt o T e )
Vol 1206 ConbBReRTBASGDG EmiahOP ATy 8 G nPIE HRPaRS LoR SR

pro mYac
output the DC wvoltage.

17. The controller of the three-phase converter
15 according to claim 16, wherein,
the symmetrical component calculation unit
subjects each of the wye-phase voltages obtained in
the centroid vector operation unit to dg-axis
conversion to calculate a d-axis voltage signal and
20 a g-axis voltage signal, subjects the d-axis voltage
signal and the g~axis voltage signal being calculated
to frequency separation, obtains a positive-phase-
sequence voltage from a DC component, calculates a
negative-phase-sequence voltage from an AC component,
25 and outputs the positive-phase-sequence voltage and
the negative~phase-sequence voltage to the unbalanced

voltage compensation unit.
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15t he symmetrical conponent cal cul ati on step subjects each of the
wye- phase vol tages obtained in the centroid vector operation step to
dg-axi s conversion to calculate a d-axis voltage signal and a g-axis
vol tage signal, subjects the d-axis voltage 20 signal and the g-axis
vol tage signal being calculated to frequency separation, obtains a
posi ti ve- phaSeseqliBfcecoBlERgel eFodTa DEecdiponentthane @drvibatter a
negative-phase-seggence vol tage from an AC conponent. 25 23. The

unbal anced G61GUGELIEIPTEh ST RATPPEGF AR R ot ARG €d36i® Het - HREESIR -
21 and claim 22, %rein tgg s%ngptrical conponent cil%ulation_%gep
cal cul ates the ze -phsa%‘g-"? duehe VOTTRGE Hteof@irgt t8 “arpti Plde

cal cul ated %ﬁ@ﬁﬂgt%esgﬁ:tﬂgeig [ Qggrlqseeefﬂlehacqg \P@gggtgﬁ@%sgco ding

cal cul ated fromthe positive-phase-sequence voltage an e negative-

5 phase-sequencinyeitiafge 241Jd0ea4hal 2nced VAL 308 5RARANSHHQE -
program according to either of claim2l1 and cl aim 22 wherein, actual

measur ement seajuescefl dtdethigte yakt ageshi@ £ ok s esRoNdteae-fPoAnawé t h
the control signal, and one control signal is generated based on the
act ual neasppeeleni vealniessef- ddeukinte vobtlagege ate rohet easus eaeritve -
point of time. 15 25. The unbal anced vol tage conpensati on program
accordi ng t Bh@sg nfeguemeeeivinltage, and outputs the zero-phase-

sequence voltage to the unbalanced voltage

10 compensation unit.

19, The controller of the three-phase converter
according to either of claim 16 and claim 17, wherein,
the unbalanced voltage compensation unit
15 generates one control signal with respect to actual
measurement values of the line voltages at one

measurement point of time.

20. The controller of the three-phase converter

20 according to claim 18, wherein,

the unbalanced voltage compensation unit

generates one control signal with respect to actual
measurement values of the line voltages at one
measurement point of time.

25
21. An unbalanced voltage compensation program for
allowing a computer to execute each step of an

unbalanced voltage compensation method in power
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actual measurement values of the line voltages correspond one-to-one
with the control signal, and one control signal is generated based on

t he act ual

20 nmeasurenent values of the line voltages at one

measur enent point of tine.

10

15

20

25

conversion for subjecting three-phase AC voltages to
PWM conversion and outputting DC voltage, comprising,

a centroid vector operation step for obtaining
from line voltages, wye-phase voltages which are 12089
out of phase with each other,

a symmetrical component calculation step for
calculating symmetrical component voltages of a
three-phase balanced system, from the wye-phase
voltages that are obtained by the centroid vector
operation step, and

an unbalanced voltage compensation step for
forming a compensation signal for compensating for
unbalanced voltages of three-phase AC voltages, and
subjecting the three-phase AC voltages to the PWM
conversion to generate a control signal for outputting
the DC wvoltage, wherein,

the centroid vector operation step performs a
vector operation as to all combinations of two line
voltages which are selected from the line voltages,
obtains centroid vector voltages which are directed
to respective terminal voltages from a terminal-
voltage centroid according to the vector operation,
and renders the vector voltages respectively as the
wye-phase voltages which are 12092 out of phase with
each other, and

the unbalanced voltage compensation step
generates the compensation signal for compensating for

the unbalanced voltages of the three-phase AC voltages
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15

20

25

based on a zero-phase-sequence voltage of the
symmetrical component voltages which are obtained in
the symmetrical component calculation step, obtains
wye-phase voltages based on the symmetrical component
voltages and the compensation signal, the wye-phase
voltages being 1202 out of phase with each other as
to which the unbalanced voltages have been compensated
for, and subjects the three-phase AC voltages to the
PWM conversion based on the wye-phase voltages to
generate the control signal for outputting the DC

voltage.,

22. The unbalanced voltage compensation program
according to claim 21, wherein,

the symmetrical component calculation step
subjects each of the wye-phase voltages obtained in
the centroid vector operation step to dg-axis
conversion to calculate a d-axis voltage signal and
a g-axis voltage signal, subjects the d-axis voltage
signal and the g-axis voltage signal being calculated
to frequency separation, obtains a positive-phase-
sequence voltage from a DC component, and calculates
a negative-phase-sequence voltage from an AC

component.

23. The unbalanced voltage compensation program

according to either of claim 21 and claim 22, wherein,

the symmetrical component calculation step
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10

15

20

calculates the zero-phase-sequence voltage according
to amplitude calculated f£from the negative-phase-
sequence veltage and a phase calculated from the
positive-phase-sequence voltage and the negative-

phase-seguence voltage.

24. The unbalanced voltage compensation program
according to either of claim 21 and claim 22, wherein,
actual measurement values of the line voltages
correspond one-to-one with the control signal, and one
control signal is generated based on the actual
measurement values of the line wvoltages at one

measurement point of time.

25. The unbalanced voltage compensation program
according toe claim 23, wherein,

actual measurement values of the line voltages
correspond one-to-one with the control signal, and one
control signal is generated based on the actual
measurement values of the line voltages at one

measurement point of time.
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