METHOD FOR CONTROLLI NG PONER FACTOR OF THREE- PHASE CONVERTER, METHOD
FOR CONTROLLI NG REACTI VE PONER OF THREE- PHASE CONVERTER, AND
CONTROLLER OF THREE- PHASE CONVERTER 5 Background of the Invention 1.
Field of the Invention The present invention relates to

unbal anced vol tage conpensati on according to a three-phase converter,

and nore paMRTHOD SJR COMIROZIANES POAEROMEE TOHR GO MHRIH-PMA BN EONVERTER,
reactive 10 power control for inproving a power factor and reactive

power in a NETHGD FORSEONTROEL1NG REACTIVEWPORER OFt THREE {FRASE ACNVEREER ,
into DC power. 2. Description of the Related Art 15It is known that
occurrence of voltageANRdUGNTRALDERt A PURBE-BBAEEeCENYBRTERCh as

i nst ant aneous vol tage drop (voltage sag) and a | ong-term vol tage
reduction, has an inpact on the |oad side which receives power supply

fromthe power. source, such roduction line stop and defects in

manuf acur g%ﬂ‘&&%‘&&?ﬂ‘i@fn‘?‘b%?f‘?@%ﬁ‘éf?nsi nce it has a significant

i npact on m ctor C i.ng equi pnrent, standards are

establ i she 're%%&o#n%gt%ﬂe@\%ﬁ‘?%%ée{@gg; "SEM F47-0200" (non-patent

docunent 1), and mj = 0706, - C p
TheEMprE4dn P Q.%ve(dhoﬁtbrpaféfétgé’ %'Senﬁ%%adlﬁﬁﬂ@%E&B?L@rage

docunent 2). As for a testing net 25 1t 1's descri

FA2- 0600". compensd®ideniéosadlg £8i & tMPEeOpnhiObt 88RvERHePAS aRBCROre
addressed, for exanple, by installing an electric storage device such

as a vol t agsastaigcwhafiens ditto tredad ean tonpower r fad tdik eyl asidpenctive
(UPS), which enploy a capacitor and a storage battery. The

conpendét orrayEmgariiared oy Lmpyoyriageadpovwer fmytdmend reactive power
configuration to be installed as a parallel device either on the

power sour dé! §i BBTBR-BRAFACIBRI keHahigh eppserlel Yaree -BhaggiC power
installed as a serial device, being inserted between the power source
side and t FEYQRF KYELTwith a configuration that the power systemis
switched at the tinme of voltage sag.

2. Description of the Related Art
15 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, 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.
20 In particular, since it has a significant impact on
semiconductor manufacturing equipment, standards are
established regarding the voltage sag; “SEMI F47-0200"
(non-patent document 1), and "SEMI F47-0706" (non-patent
document 2) (non-patent document 2). As for a testing method,
26 it is described in “"SEMI F42-0600".
Conventionally, this type of voltage sag has been
addressed, for example, by installing an electric storage device

such as a voltage sag compensator and an uninterruptible power



It is also known that when a short interruption or instantaneous

vol tage drop occurs in the three-phase AC i nput 10 voltages of the
(AC-DC) power converter for converting the three-phase AC power into
DC power, the power supply to the load is naintained by the voltage
sag conpensator (for exanple, see patent docunent 1), and patent
docunent 2.gdgfdy Ywed) Usiidheemp169nhi Sapaéi 06r iR 8tofradelbattery.
conventional voltage fluctuation conpensator 102. FIG 16 illustrates
a three- phage Aomawsa tsam neeinkp tHen die trdidnsdtforaye denieet may have a
havi ng AC power sources 10la, 101b, and 10l1c for respective phases.
However, i rediislguorateidn divalbes yistsdralisidigst e pelredileilc dsvdicageither on
device, it does not matter which connection 20 is enployed, the we
connect i on @re dEver conrset sdde Pheonothagkodd wideat | 44 teampdiyatlorn it
102 is installed between the three-phase AC power source 101 and a DC
| oad (n8t MaYPeripeEFiled 3% at gehbahASH Hrer BoLRG IRFRT ERE Reptegle the

of [he. wye PR RodtceoR R oAt R MRt BAABet Tof = one 15iTatgh T
| t fl ' 1 f

;/(r)\r eggghas %ﬁdg?%;%g@%?ghagse%%ﬁ-%ﬁaé%,%eifol‘?%b%ﬁe 5ag-

conpensation cirgy t 510430 J04mn 2RHalO4hdOr af §PRE! | 16t iéH Cor

serially connected, those voltage conpensation circuits respectively

bei ng proviidast am tdh SRpncidiaiayel @2ap $88lhrsand SRSt fooiagat
means, and a control circuit 103 is provided for controlling the

vol t agd05 ocoyipesst | @b thec (ACsDL)4 powkEd bomrar il cfdor coheerting the
respecti ve phases. The three-phase AC power source is

connect ed ridtresniphase ARrpewphdadcefdinareant theawehsupalyotedhe load
various singl e-phase |oads. Application of such various |oads or

i nf | uences i FRinFadnegeBYhEre predician 6adaRemBeRFaERT iR SFaR-erayee
occasional ly cause a voltage sag in the state where the three phases
are bal ancéé”iﬁn%ﬂ%f%%%) ;hd B |RY ti‘b"é‘%eﬁsati on circuits
104a, 104b, and fqr. the.r ive_phase out put co nsatin

vol tages for the r e%‘?ee%?%‘é%%%éé bAset %%i%u%% mHhd eTrHr)orﬁ eO% a

cont r o1 IdiiivertOfn Nty BSOS PLECEAL LI A VRS JHAIC 7S | ONprG The g

vol tage fluctuation conpensat recharges the capacitors 1

105b, and LOSG U s e HIYBInARE M ifdker BhurReLMON! 18f tBROEbrm of
interruption or instantaneous voltage drop, the electric power 20

di schar ged wWyeorphhectapachavisg IS aowkSEouttds 16 keeps , aat@nNstianfor
out put voltage, thereby continuing power supply to the DC | oad. There

are fol | owneggecthlvenphaseshe Howeuge, siy doapensaindriasldeyetieedsing
above, i.e., not only this system
the electric storage device, it does not matter which connection

20 is employed, the wye connection or delta connection. The
voltage fluctuation compensator 102 is installed between the
three-phase AC power source 101 and a DC load (not illustrated).
It is to be noted here that the three-phase AC power source with
the electric storage device is applicable to any of the wye

20 connection and the delta connection.

In the voltage fluctuation compensator 102, as to the
phases for the three-phase AC (a-phase, b-phase, and c-phase),

the voltage compensation circuits 104a, 104b, and 104c for



25 requires equi prent investnent for installing a | arge-sized

el ectric storage device or a capacitor unit, but also periodic

mai nt enance i s necessary. Therefore, it has been denmanded that power
is supplied stably by neans of converting the three-phase AC input
power, even at the tinme of instantaneous voltage drop, w thout using

the el ectrigfefiodenre dPHiRs TRREE HaSiheey aAbSthacEBNdHYe voltage
i nprovenent of a power factor w thout using the electric storage

devi ce. 5| conigisdioi@tldr essctibes probspastabeve, beihgw pgsvaded with
suggested; considering that the input voltages during the voltage sag
beconme unbatapaeitéms t1heba hridbiphagss 10bd s enentgyofstolreage means, and
i nst ant aneous vol tage drop, a three-phase PWM converter is enployed

to conpensat €FFraheivsiaidgd 03ags Pyovsded of oF PNy alie nchitde- grasege

unbalanced in ut voIt es, during _the voltage sag. period, so as to
achi eve 5t hee PAIIRRELOR, CrFEHSa0dR il OABur 208 HIAE HOW dheagespective

fluctuation_.c ensator errpl oyi ng the storage device. According to
t he vol tag %E’a%g) onpensatl on by using the three-phase PWM converter,

the el ectri ¢ POV 3ti:ad GrelelRouaply athistd S 895HBL: Sk Qﬁﬁ &0

the voltage sag state can be suppli cont1 nuou even after

occurrence rdd\HHd YRR ent loads, tl‘t'ﬁf%'1@%f£8rvaxai'b1fsxehﬁ§§b'—9ﬂase
will be nmade how t he three-phase PWW converter controls

t hr ee- phaseldata) anged ik tikpulbfv gucad ¥aribue 1bads bushhﬂa%naes such
equivalent circuit in the event of voltage sag. In FIG 17, e,, e,
and et lt)epra;.smtathleamphenemenohlami wcktidgat phéaowedon meqhbeeaphaaasly
Z1 represents a transmi ssion line inpedance, 712, 723, and Z31 are
equi val ent gBiggpedemkesgatsadielni W@eo$tﬁb¢tﬂ§@r§a§heetb,reel phasggadare
% represent
balanced or unbalanced.
The voltage compensation circuits 104a, 104b, and 104c
for the respective phases, output compensating voltages for the
15 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,
and 105c¢ during the normal operation. In the event of short
interruption or instantaneous voltage drop, the electric power
20 discharged from the capacitors 105a, 105b, and 105c keeps a
constant output voltage, thereby continuing power supply to the
DC load.
There are following problems in the wvoltage sag
compensator as described above, i.e., not only this system
25 requires equipment investment for installing a large-sized
electric storage device or a capacitor unit, but also periodic

maintenance is necessary. Therefore, it has been demanded that

power is supplied stably by means of converting the three-phase



| i ne vol tages unbal anced in three phases generated at the tine of

vol tage sag, el, represents a zero-phase-sequence vol tage, and Za,

Zb, and Z, represent |oad inpedance, which is expressed in the form
of | oad i npedance obtai ned by converting the DC | oad Rdc (shown in
FIG 18) to the three-phase AC input side. When the anplitude
I's assunmed &S ibfutt pewet ansram atothé i fitne/ Oft BgetabblRecesl ol Hdyectrop,
phases en, es, and et are respectively 5 expressed by the foll ow ng
equati ons (w)tHaut pingr tie Elrasurii §Loeage dexciosd nt The2p/ Bas heghlso
10et Entos(ot + 2p/3)- (3) Since en, es, and et represent the
transmi ssi ¢h demand, glamadepnssennidd o & powerpigsdor without using the
negati ve- phase-sequence conponent en(rst) and zero-phase-sequence
conponent &GS HFAHBFLiCeheref ore, the

ti -ph t 15 t dt .
2ot o- phise- sequerid aForeh A BEES) ¢ RAEEH rlggléeaﬁﬁyemgw-&m%sﬁgam
. t t
EIERt 9" {Huogdddl) oanE BRI G” chat 418 inpur voitddiE MBS fhe
the state thateddhe LQubuabrat ugﬁaiaﬂesi@rmsch%l%hréa?»phaggszﬁlltafeeevent

applied to the transmssion |ine inpedance . On this occasion, the
| ine vol t agss thabinsbantandotsSvelbde (die ear&maéé Fhade M cBn@erter

into the three-phase unbal anced state, and cause the
zer 0- phase-isegugricgred tioagempensaseshomnthe FdXkadel .sag, by controlling
10 the three-phase unbalanced input voltages during the voltage
sag perioed, so as to achieve the 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 been
15 supplied in the normal state before the voltage sag state can
be supplied continucusly, even after the occurrence of the
voltage sag.

Hereinafter, an explanation will be made how the
three-phase PWM converter controls the three-phase unbalanced

20 input voltages.
FIG. 17 illustrates an equivalent circuit in the event
of voltage sag. InFIG. 17, e, es, and e; represent transmission
line voltages balanced in three phases, Z%Z; represents a
transmission line impedance, Z;;, Z.3, and Z.; are equivalent
256 impedances at the time of voltage sag, eap, €bc, and eq; represent
line voltages unbalanced in three phases generated at the time
of voltage sag, e;, represents a zero-phase-sequence voltage,

and Z,, %y, and Z; represent load impedance, which is expressed



25As shown in FIG 18, with respect tothe termnals a, b, and c in
FIG 17, the left side illustrates the three-phase AC power source
100B, and the right side illustrates amain circuit unit of the

t hr ee- phase converter 200. The three-phase AC power source 100B is
illustrated in such a manner as being equivalent 30 to the

t hr ee- phaseibahancesn \vd Lagasimpedéncabd tainedndy domlalmiicrdthad®nsad
In this illustration, application of the inpedances Z12, Z23, and Z31

as shown i IR&l Gsha¥nexpr B3ses1Bhletunbhkanhedef phhsesACninguikvalidat
manner. An unbal anced vol tage conpensator 400 uses given or 5

measur abl e t hr ee-Witeds sherep bicede iispussphed @svil .t hestrangeirginre line
conpensation signal. The three-phase PWM converter 200 is provided
with a thr sRPIREES PAlBSCEdUI R e BRASES thr d&-pRAS SRR €6FPPSIE1VelY

pul se generator 200b. The three-phase PWM contro ul se ner at or
200b geﬁer aﬁ’é%rec%"ﬁ‘?‘?ol?y p %e‘g%fjg‘g"éjr%g lﬁq‘b%%%“%nl } ﬁe%‘f h?%g'- phase
unbal anced i eput Egtdsges generated in the unhal gnred vol t age
conpensat or 400, thereby exercising the PWM control over the

t hr ee- phase BYWM:-CE[€sk {o200a2p Agpording to the, P control, the
t hr ee- phase PWM converter 200 supplies to the DC | oad 300, the DC

vol taggot o wai.ch ghevd&tinpad@nged vol tage conpepsation has been
per f or med. As descri bed a§ ve, the threi- pqri%sje unbal anced
ol

i nput vol t ages ddtiiff tBe vOt1 aBR%s &y argresnt phappplssion line
three- phas %ﬁﬂﬁ{vﬁéfﬁhe&m%t tﬂﬁr‘éﬁ?@ﬁ%@?%' O”n‘:atpgétti@ Gﬁﬂgtsﬁggegﬁgpce

can be achiev hout "usSing the Vo g dct uat’ion conpens

E?E'r gyi N9 tdGnsd it ¢ ieg(rgﬁ,oaﬁaez@failfx%%@&@c&%%%h%ﬁato%(@st, do not
ge battery. However, in general, 1n order to control the
t hr ee- phasexgpéd€onv aiteafe fidtathi €he PhfeddioMmeas - diatd Ol sLepidiféd | @Bhipbient

15 en(rst) and the zero-phase-sequence component eg(rs¢) are expressed

by the following equation (4):

€n(rst) = €o(rst) = 0 w (4)

In the example of FIG. 17, the state where the voltage
sag 1s occurring corresponds to the state that the equivalent

20 impedances Z,;, Z;3;, and Z,; are applied to the transmission line
impedance Z;. On this occasion, the line voltages e.pn, €pc, and
€ca among the terminals a, b, and ¢ go into the three-phase
unbalanced state, and cause the zero-phase-sequence voltage e,
as shown in FIG., 17.

25 As shown in FIG. 18, with respect to the terminals 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

30 to the three-phase balanced wvoltages e,, eg, and e, and



incorporated, it is necessary to derive wye-connection 25 three-phase
unbal anced phase voltages which are 1202 out of phase with each
other. After the process for converting derived detection signals
into variables on a rotating coordi nate system (dg-axis), they are
separated into a positive-phase-sequence voltage, a

negat i ve- phagss SEMEd Gt ¥l £h0e TnARei8 iﬂ@s@f@ﬁf&ﬁql@éﬁﬁé@ﬂ@ﬂ%f the
and they are used as feedback signals which are necessary for th

control . Fommx@amtes Zhe £9l,| ewdg,deaundidwh are FkITmV\/rl'?a%}@resses the
describing the voltage sag conpensation according to the three-phase
PWM conver twrbalancsd ; fachepat tmt egotvakent namoex pat ent docunent

4, and non-patent docunent 5. In the three-phase PWM converter control
described in t hodé nepbpiaeaeddyedik@ages, COmpeRs ek e 40Abalsaftediven or

vol t ages of e-connection, 10 which are 120g out of phase with each
ot her, érer%eg?}ﬁ‘%bla% PreR-BPhasgastmtang ulPBRAs PRARS afeitages to

On th h hand l.Ih d but
onpl he o hgecfé%n%t%o%%%%?ﬁt{%ﬂ 3%?%%@ ?Fi%mé&ﬁ'e%ter R IY FeRYareaT
1, the del b2 Foperon ol LY SP- 2N2RERONRACH! Buld ALIAR 4 2008 ana =

del t a- connecti on tAree- p a- connec 1 0N

t hr ee- phase:nQld 38eads PiM bBﬁtf@htﬁgfs@%%%t%%CQOQB t hehd ehFeRabhase

of the delta connection, a wye-connéction voltage and a

zer o- phase m&quemeommmgaﬁeratwaddab y@ﬂ&ﬁéﬂéglﬁc@}tx@_@@ﬂg@@h@ﬁals
in order to 20 conpensate for the three-phase unbal anced voltages in

t he dellDa- dmweal torortHeh ridecgehates powerbadissicad dniport, viol talges generated
t hr ee- phase PWM converter control conventionally suggested, it is
necessary tig dé&e vabglancedn¥elitaget apppepdaber vHbhl diseeihegercising
vol tages whi.ch are 120Q out of phase with each other, from 25 the

l'i ne voltadggabéwmb FeHSGPEd. OVREN tHhife FBreggehasg c%ﬂ%eﬁ%ﬂ#ﬂﬁﬂil§00a

trolled b th PVWM t
convert deleEITRY 56y EREEWH CPRSOnr el Hhesern %%‘iﬁéﬁa eigiar 200
bei ng recels\{ﬁﬁj pl:'i% Oté‘W%hteyqu ngﬁa%% ca C}}eaSD&O a' ré Ctoontvrvglch the

par anmet ers. i cul Srgni to-ex rac
zer o- phgse-afeNf S d Y4 Plfye 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 for the voltage
sag can be achieved without using the voltage fFfluctuation

20 compensator employing the electric storage device such as a
capacitor or a storage battery.

However, in general, in order to control the three-phase
PWM converter in which PFC (Power Factor Correction) is
incorporated, it is necessary to derive wye-connection

25 three-phase unbalanced phase voltages which are 1202 out of
phase with each other. After the process for converting derived
detection signals into variables on a rotating coordinate system

(dg-axis), they are separated into a positive-phase-sequence



For exanpl e, patent docunent 3 is known as disclosing an apparatus or
a method for conpensating for the instantaneous 5 voltage drop by the
control according to this three-phase PWM converter. The

i nst ant aneous vol tage drop conpensator as described in the patent
docunent 3 is provided with a |ine phase vol tage conversi on neans.

The line phase gl ! %9ﬁe@%‘&&%ﬁbﬁ'&s@e%%ﬁu%ﬁ%\ée{}-&ﬁtégé' Nend ¥ 5898 -phase-

signal being detected by a |'ine 10 vol tage detection means into a

phase vol t ageyHe id hdd JRald thlY HeBEHAEESas FRITLIYIASA IR RBE ch
vol tage signal and phase voltage signals fromthis phase voltage

conver si on axgnedcessary fdhethe neoptmsE. vol t age conver si on neans
detects peak val ues of the phase voltage conversion signals (v,',
vs', vtv), 15 calfout acgempdef.f i thentfoklowing addckBepidsedann tHewa as
t hree peak val ues, and %gnerates t he zero-phase-sequence vol tage
si gnal v0 (de%%blmg kFhey voltage f)agan%PfﬂP@%@s@ véPFQ@félﬂggnfé‘P sthe

" vt) based . on th oeff|C|ents kl and k3 bhe
ol cul at o T RIS | B GRIPETERnOREEaYL A A PGy document 3,
control Iing vol tage and reactive, pover i oo eheCtdd SuROVEr 5SYStEm ! the

that the ele rﬁc power systeml connec eggto equi prrenef suéh as

power Capacﬂﬂ:.%re— %@@W@&f&@fteé %n%r’%ﬁaé%&f’ﬂ;e&gméé ﬂBnﬁﬁ\é@)agt

In the reactive power cont accor |ng to the power 25 capacitor

the shunt reasints, WhirCRREd ¥inba188keat $6 PAGEE N weCaBAGkE10h ,
the system 1In addition, in the reactive power control according to

t he SVap awteaﬂiarelsz@mmm&cbﬁqmdwﬁoh asulcbthent raxts agsnmedtadyigen
phase control according to a thyristor that is connected to a fixed
capaci tor. or measurable input phase voltages.

On the other hand, a general three-phase power
distribution system employs the delta connection. A voltage
that can be actually measured 1in the delta connection

15 three-phase power distribution is delta-connection three-phase
voltage. The delta-connection three-phase voltage is a line
voltage between each of the terminals of the delta connection,
and a wye-connection voltage and a zero-phase-segquence voltage
are actually unmeasurable. Consequently, in order to

20 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 necessary to derive wye-connection three-phase unbalanced
phase voltages which are 1202 out of phase with each other, from

25 the line wvoltages being measured. When the wvoltage sag
compensation is controlled by the three-phase PWM converter,

it 1is necessary to convert delta-type voltages of the

three-phase unbalanced voltages being received, into wye-type



In the reactive power control, reactive power is reduced by inproving
a power factor so that the power factor approaches 1 by mnimzing a
phase difference between voltage and current, 5 thereby performng
control to make apparent power equal to active power. \Wen the power
factor is 1, a current value under the sane power condition becones

the m ni muinoRfydd, iso RPASTobbBthen! 66HELoDOYERFah®BSSrElle 1o pletlieular,
loss in a transmssion line and wring, and reduce |oad | oss and the
Joul e | 0ss it is 14 ¢ bfibdamtreto osxtihact | & ezeddiepled oe esequarce facl tage .
I nprovenent for controlling the power factor to be 1 is generally
per f or ned. Foly gixeaiple, patend decumenpdivdis kpevams slimdlsingn an
i nductive |oad, and the current_ | ags behind the vol tage. Therefore,

i n gener al ,2RPAT PR roF & Mthamh ik famParsaidmio ey ths gpsiantaneous

ChE by RIS IR o B RS S o e
h t 1i '

Capaci tor oo, TR AR ERRIEC D Kankadel (BRY HdMaror =

dependi ng b Sorffs®In gﬂéf ﬁ%[téHJfJ B%ﬁulngntthf i%:‘g;f%%rﬁbﬁég vﬁt\fﬁguﬁ.rpé Ph%%e

phase advance capacitor 1s TiIxe e power econes a | eading

pover fact o titegd L AGFF & LHE in £XCaATY M neOPRARSA AR Al doR®ersion
reactive power in the case where the power consSunption drops.

Ther ef or e, nidwi® donvieerts RPI4nkl Vollyaykatigralapéingfdetdcioed W a line
where the voltage on the | oad side becones higher than the voltage on

t he poér fweediage sedectionandans tioyr evieisd ibd thgeramvexsiarsignal ,

'S and generates a zero-phase-seguence voltage signal and phase
voltage signals from this phase voltage conversion signal.

The line phase voltage conversion means detects peak

values of the phase voltage conversion signals (v.', Vs', Vi'),

15 calculates coefficients kl, k2, and k3 based on these three peak
values, and generates the zero-phase-seguence voltage signal
v0 (= kl'v:" + k2' vg' + k3°'vy’) and the phase voltage signals
(ve, vs, v¢) based on the coefficients kl, k2, and k3 being
calculated.

20 In addition, there is known, as a method for controlling
voltage and reactive power in an electric power system, that
the electric power system is connected to equipment, such as
a power capacitor, a shunt reactor, and a static var compensator
(SVC). In the reactive power control according to the power

25 capacitor and the shunt reactor, a unit capacity is selected
based on a capacity of the system. In addition, in the reactive

power control according to the SVC, a reactor is connected

thereto, which controls current by a phase control according



necessary to adjust the value of the phase advance capacitor in
accordance with the reactive power. In addition, there is
suggested a DC power supply system which adjusts unbal anced vol t ages
and i nproves input power factor of a three-phase AC power source (for
exanpl e, see patent 5 docunent 4. This DC power supply system detects

phase vol t age HftnfFeecPhageatyold agasadite @dis!Sd sedhea DioR,
drive pul se of each phase. Accordingly, the unbal anced voltages are

adj usted and t he muthenteatteae phghaseontrodnt rbatancegowdreriabyeduced
mai ntai ning high efficiency. Setting the power factor to any 10

val ue, not bedmprovdad a8 dowes fagdgassedliat dhei poeet dacder epproaches
(patent docunent 5). Prior art docunments Patent docunent 15[ patent
docunent 1]! paphheselthed mPhageritErrog? bedtiesn vobtagatanshoNgrent,

Tapanest  UHEIEHA e PEE GG FPRAE pon tPUBIARE AL IGHT JeRH. 929347 Fo

oot ent SoMB e Ayl nGag, MIREURR LALSEL PP £RELER: vajoe under

Lo0rP L) DA ol oroaeatel eiaphamoFaign o pogpion.

docunment 5]t o aRanrse piRRToRgdaRat 5t s ARPL | £t d o RBURIHAGAHiQRiNR: 1ine

and wiring, and reduce load loss and the Joule loss in a

10 transformer or the like. Therefore, power factor improvement

for controlling the power factor to be 1 is generally performed.

Typically, a lcad in the power system is mainly an

inductive load, and the current lags behind the voltage.

Therefore, in general, the power factor improvement is performed

15 by a capacitor which is a capacitive type (phase advance
capacitor).

In the power factor improvement by the phase advance
capacitor, it is necessary to change the reactive power which
the phase advance capacitor compensates for, since power

20 consumption fluctuates depending on a season, day or night. In
the case where a value of the phase advance capacitor is fixed,
the power factor becomes a leading power factor due to cccurrence
of excessive compensation for the reactive power in the case
where the power consumption drops. Therefore, there is a

25 possibility that Ferranti effect occurs where the voltage on
the load side becomes higher than the voltage on the power
feeding side. In order to prevent this Ferranti effect, it is

necessary to adjust the value of the phase advance capacitor



2003- 009593 (par agraphs [0008]) Non-patent docunent [non-patent
docunent 11 "Specification for Sem conductor Processing Equi prent
Voltage 5 Sag I mmunity", pp. 859 - 864, issued in Septenber, 1999, as
the first edition, and issued in February, 2000 (SEM 1999, 2000)
(SEM 1999, 2001) [non-patent docunment 21 "Specification for

‘Sem conductf AXEOSLEShES Fith PRROTrd0LE P8E JOveRY | MIUNity”, pp. 1 -
12, issued in Septenber, 1999, as the first edition, andapprovedto be

i ssued in My, 2006 ad@iNMich998he28063 dupfedraic@at pdosow@ntsupbly skstem
Kang, S. K Sul, "Control of Unbal anced Vol tage PWM 15 Converter

Usi ng | nst awhiicteocad j®sppl enBalancEdedivdddgesPoawst Hhprovesi tnput power
Speci al i st Conference, PESC 97, PP. 503 - 508 (1997-5) [non-patent
document 41fa¢ter of mthpeesphiasie AGpayerChourep, (Rr pxanpls. see pagent
"Design 20 of Current Controller for 3-phase PWM Converter with

Unbal an€ed qqrﬁme%ﬁ agghlslﬂag\&m@%@flpé’ﬂ-ﬁfcﬂ’%@@l detestegiaseyod tage

PESC 98, pp; of %ree P a el%r% ta)ges and adjusts the phase of a drive pulse

of each phase. Accordingly, the unbalanced voltages are
adjusted and the current of each phase is kept balanced, thereby
maintaining high efficiency. Setting the power factor to any
10 value, not restricted to 1, is suggested in an inverter device

(patent document 5).

Prior art documents
Patent document
15 [patent document 1]
Japanese Unexamined Patent Application Publication No.
2003-274559 (FIG. 1, paragraph [0018])
[patent document 2]
Japanese Unexamined Patent Application Publication No.
20 2004-222447)
[patent document 3]
Japanese Unexamined Patent Application Publication No.
2008-141887 (paragraphs [0043], from [0055] to [0059])
[patent document 4]
25 Japanese Unexamined Patent Application Publication No.
2006-262662 (paragraphs [0012] and [0033])
[patent document 5]

Japanese Unexamined Patent Application Publication No.
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[ non- patent docunent 51 S. C. Ahn, D. S. Hyun, "New Control Scheme of
Thr ee- Phase PWM 25 AC/ DC Converter Wthout Phase Angle Detection

Under the Unbal anced I nput Voltage Conditions", |EEE Transaction on
Power el ectronics, pp. 616 - 622 (2009-9) [Summary of the I nvention]
[ Problemto be solved by the invention] In terms of

conpensat i g d3rod 99 3 h{ gerfesshsnped@HLe, there is a problemas the
follow ng. According to the patent docunent 3, the |ine phase voltage

conver si on Neaesaioamy edésuheitie | i ne vol t age signal s bei ng neasured

i nto phase vol tage conversion signals, and generates a

zer o- phase-ie@memaxenﬁtdnyumdqyum] and phase vol tage signals based on
the phase voltage conversion signals. Wth this configuration, it is
possi bl e tc>QRﬁﬁ#ﬁﬂcﬁr%P¥H?eesﬁﬁa§énﬂthéeh3%@$%$S%@S wipmeant Yoltage
three-p voltage (l'ine vol of a general

d
t hr ee- pﬁggg;un anggirvbaplo% ysféfty %ﬁ%ggﬁéJlﬁPBge%PEEe Lndat fcdhe

ol Lage. condirel SHERTL A dpeupdain EF EEdaty” (400 (Bt dRRg . 2000)

conver si on ﬁﬁﬁﬂf@g&?é§6ﬁp 15 by converting the |ine voltages, and
generates the zero-phase-sequence voltage signal and the phase

vol tage si gnMaks - @g%yﬂy ¥ dimdriie 2goef ficients cal cul ated based on

t hese three peak val ues. Therefore in order to generate the

zer 0- phase-"Sgueificcaio] dagossgnaboaddctbe Pheces yDhd aifiizhatitgvalltage
it is necessary to repeat neasuring the |ine voltages nore than once,

so as tl8 olfag Mnnhmicet f ipp ert s B .ng seuteidnim Sepdenbenre 1998, as the
possibility that a longer time nay be taken to generate the signals.

| f unbal anddgrsfopda§donamndpRpsoradl e befissredyio- rns 2098 (FANRIE9.
are given, the line voltages being unbal anced can be determ ned from

t hose wye- vol t ages according to a standardi zed manner. On the

ot her hand, even thou%h
[no n-paten document 3]

J. K. Kang, S. K. Sul, "Control of Unbalanced Voltage PWM
15 Converter Using Instantaneous Ripple Power Feedback”, Power
Electronic Specialist Conference, PESC 97, PP. 503 - 508
(1997-5)
[non-patent document 4]
H. 8. Kim, H. S. Mok, G. H. Choe, D. S. Hyun, S. Y. Choe, "Design
20 of Current Controller for 3-phase PWM Converter with Unbalanced
Input Voltage”, Power Electronics Specialist Conference, PESC
98, pp. 503 - 509 (1988-8)
[non-patent document 5]
S. C. Ahn, D. S. Hyun, "New Control Scheme of Three-Phase PWM
25 AC/DC Converter Without Phase Angle Detection Under the
Unbalanced Input Voltage Conditions”, IEEE Transaction on Power
electronics, pp. 616 - 622 (2009-9)

[Summary of the Invention]
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unbal anced vol tages and the phase angles of the line voltages are
known, the wye-phase vol tages cannot be determ ned according to a

st andardi zed manner fromthese line voltages. This is because a

ref erence point of the wye-phase vol tages cannot be specified, and
there is infinite nunber of conbinations of 5 wye-phase voltages

havi ng the ErghiahatdNeedsyDié@0ey asl Dhvser 2aw] es. I'n order
to control the three-phase PWM converter, it is necessary to have a
rel ati onship of IiDZeawis of pbapenbatiwegnfdéherivy ehnfessphenie agbalance,
Therefore, specific wye-phase 10 voltages which are 1202 out of phase
wi th each othrire haev @ pordbd-egelaectbd fobhrvhrygi nfAcdardingiiar thfe patent
conbi nations of wye-phase voltages. Wien these specific wye-phase

vol t ages wigumegrt 190X hgytligre M’e@é‘@ Wil agis € OFVIeas 19T MeSNSc COAVEE t s

positiv equenc vol t age ones, in ase with a 15 particyl ar
Prase (5. i, ERE T RE T rE0E, 2gnages Rrad RS rgd chOnER Sasvakitage
control tar et _can. be extracted acc rd|n % t he subse g e Snce
conver si on GTCEELIo SAgHLe. | &1 At e o Zteﬁ PBaEeo e

the three- ppase,fYW canyeria. ﬂlaséd%itegﬁaélaﬂai ageq 8h tHE phase

negat i ve- phase- seque 0 vol age and a se angle
zer 0- phase-/enUeNs ecyRbéAGEoN ENghgsReCtwitht PBis configuration, it is
posi ti ve- phase-sequence voltage, indicate the same angle in the
direction gupasitke tte estltrothehe tHhisefghas<e P togvebeer based on the
zer 0- phase- sequence voltage to be derived. Conventionally, in order
to obt d0n tieres-plpres cinod lagesd 2 Miagds Jrlenk? 0@ ldrges) pifase genelral
each other fromthe line voltages, it is necessary to_detect the
unbal anced Ezge-Riiasg| payges SAstibusdent GYadeambt amd Wpe- fhxse-phase
vol tages which are 1202 out ofgghase wi th each other, fromthe |ine
voItagesluﬂqﬂf¥ﬁﬁﬁﬁu?RWPGQ$@ﬁ %w%ﬁnl?erﬁﬁF¥%ﬁ%p%.Ionger proceSS|ng
tinme. By way of e bal an ed state_of volta
et ot odl I al't PN o APRBrting PhAge BoEeads 5098%8&%?@% fgggots
fluctuationg, dur. I (e[VIP

x}a&%&f clfaalﬁ{ ]b[{kfaance o@.ta?ontc%gﬁ%rsﬁ% 4y a3is O talned

conpensate ‘Tor the tage un N rée- phase

PW conger iy . bbniértefgestgd tolméuceoms gbkTe A rg&'néfates the
detecting the unbal ance i'n voltages and generatlng a conirol signal,

and thus i tzd:% EEasSHIqiencer WA thiye! agi gREPUan® ethBasshadd t 388%age
from 10 instantaneous line voltages. It is to be noted here that the

i nst ant aneaigyrd e avebtrddey o ehd aeefditagrssadirlatt sl basedrdmithese
point of time, and the instantaneous wye-phase vol tages are val ues of
t he |ine vdihrggespdaki vethbased ofihelefareualimeasderd twal gesendte héhe
i ne voltages being obtained at this point 15 of tine. The wye-phase
vol t ages co?re}’re%‘riﬁ’f?tﬁ%'rf‘ee‘i‘beflﬁ% Wedihagre $igraiolansyebhat Rhase | Felépge

measur thi,s neans that the e- phase vol tages can be
obtai nal f A red brbB R EeP SRTHEP e HGABBF M Ickne Tie KeLkaaes

requiring TR tﬁgnygﬂgg§ 5% agu£%|ék JBPEﬂe coefficients being optimum,

and there is a possibility that a longer time may be taken to
generate the signals.

If unbalanced voltages and phase angles of the wye-phase

26 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

12



20In order to quickly elimnate on the | oad side, an influence caused
by the instantaneous voltage drop, it is necessary to inmediately
generate the zero-phase-sequence vol tage signal and the phase voltage
signals which are required for controlling the three-phase PW
converter, in response to 25 the fluctuation of the unbal anced state

of the thregrphasenl, it wobt Pﬁﬁ§e'%ﬂ%é§1é§ﬁn39%%ed@9&@rﬁlned according
distribution system In the [ine phase voltage conversi on neans

descri bed ahwve, standarankéedi pahfdrt fabmathese TRaASUSIRAHgesS, t MAis is
line voltages is repeated nore than once in order to generate the

zer 0- phase-zsrpse & e fcagpncs godntand the ywhesghasd tagtaggegmalannot be
Therefore, there is a possibility that the response to the
fIuctuatio@@@qﬁﬁiﬁﬂun@&ﬁaﬁb@@esﬂétéﬂﬁiﬁﬂﬁﬁt#ﬂ@hﬁ%h@ﬁecgmbﬂﬁétions of
vol tages becones insufficient. response to the

i nst ant &ne & MQ%@&F&HGSHF%V%EPP&%‘? BRbrLANGSH (vaddaggqy and phase
I mmunity SEM F47-0200 is known, for instance. The specification for
vol t age sad*t 1ty SEM F47-0200 defines a range in a w de band (a

range of 1npUt Vol gacl0bedetion HOTeo Sl bt sontr ol eds

by the voltage sag conpensation ge sag | nmin

speci fi cat ifiheddaiy tdeHARI At %&att%n\éﬁhbaeg { 266/ P # girtrahgg bRiteen

0.2 seconds fromtHe occurrence of voltage sag is 50%

vol tage redired | Giyd ieadd oL Pagesonds 'Ih%r_%f@r’ée,COIQ@%dJ_&ﬂﬁ%Jy@ﬂ hase
the 15 like. If the response to the instantaneous voltage drop

I's 1 nsubfi creeltaged wisich fdreul 202 meAtdS phddd widpe @adhc attiher have to
vol tage sag i mmunity.

be selected from the infinite number of combinations of
wye-phase voltages. When these specific wye-phase voltages
which are 1202 out of phase with each other are selected, a
positive-phase-sequence voltage becomes 1in phase with a
15 particular phase (a-phase) of the wye-phase voltages, and a DC
component as a control target can be extracted according to the
subsequent dg-axis conversion process. Therefore, it is
convenient for the control of the three-phase PWM converter.
In addition, a phase angle of the negative-phase-sequence
20 voltage and a phase angle of the zero-phase-sequence voltage
with respect to the positive-phase-sequence voltage, indicate
the same angle in the direction opposite to each other, therefore

enabling the zero-phase-sequence voltage to be derived.
Conventionally, in order to obtain the wye-phase voltages
25 which are 1202 out of phase with each other from the line voltages,
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 voltages being measured.

13



Conventionally, the follow ng technique has not been 20 known; i.e.,

usi ng the three-phase unbal anced voltages of |ine voltages as the

i nput vol tage, instantaneous wye-phase voltages are derived fromthe
i nstant aneous |ine voltages, thereby controlling the three-phase PW
converter and conpensating for the unbal anced voltages. 25In

control i ”%ﬁé’h?efé’&?é?'f?%ﬁ&yf?&ﬁ@rEe'_‘LoanE Brdbeseifl! ¢ThedS BYCway of

r
followng in terns of controlling a power factor and’reactive power.

In the pat effarfora/MBiterd tHd unbakaowedt Bahtbher PRYEfadaeti detected in
arbitrarily set in the inverter device. However, this power factor

control relasltesriotinge posafernftact ot ais ameicesenrgr Whi alomerdmor Mdltage
AC- AC conversi on which supplies electric power at an arbitrary power
factor, fromupmkionentraing ab eavimbfZieychawer supply system
Therefore, 5 there is not a known technique for setting the power
factor &rbitrarilip PHAEEFNEPALIFIFLY KOMPENSAtSnESE B veritageindRlance

subj ects the three-phase AC vo ta%es to PWM conversjon for outputti ng
DC vol t age.P¥ FPFR9Ane then threScRbasGhEIE TRrEerbhasevdis Zgauested

bal d, hnpj N k i I h .
10, Unbal nced e gL b B IHD Ml EONLLRL S oynpatance 1o
unbal anced o { 2ha | MULAAPSa $¥ndTO dé;if'&{é’li ar hh}i GOMUd Ottt is

t he power factor” n So cases, | IS require 0 set the power

factor 15 gduddsriy Yitbn drBIECLALEaROURECTY SHEB- PR IR YvOL t £588D e om
"Cuidelines for ensuring the technical requirenments for

| Nt er capnecin Hafaones Ted ivol'tdodgency toisNed &l ndlesd ueaRs tat the
Energy, Cctober 1, 2004), "CQuideline for interconnection technique in
di spersed poverarstppousysiral vobtagbe adrkelil® deliagest heasured at a
following; in the interconnection with distribution |ines, "an
adequat e poveFtain pedndf of dd@ievi agdpdisinpanéaneouar¥enpiase vedtages
hi gher than 85% in principle, and it is prevented that _the power
factor becdHed YaphPhohee Lipeoronkadesi eagdvefohneRd SPstbfp actual
side". In order to.satisfy h definition 5.t is required to set,
the power MEADISH BRLREFITY the 11he XoLhadhs MhumapBratifn st ch s Raint
factor (ks cC .olle i 0 0 | |ed e

15 o%“tﬁ.f?lle. d‘I' & “ﬁ%-%aasré){r{bgg%éeg%o reo%pc%/d]%%%-%g—ghg vpltl'}*the

according to a conventroral “power r-con

sel ection of dillivfo1 {CARACIHLY thle RiREVEE AERAGHLMENL! AndNMHYs MRBHLthat

connected to a power 'system there is a problemthat a process or
confi gur at i1He fle PR 80 thBesPedRbd ABtRMined £LEM v&Tued Measured at

addition, there is another problemthat response to variation
one measuring point of time, without requiring measured values
at maultiple points.

20 In order to quickly eliminate on the load side, an
influence caused by the instantaneous voltage drop, it is
necessary to immediately generate the =zero-phase-sequence
voltage signal and the phase voltage signals which are required
for controlling the three-phase PWM converter, in response to

25 the fluctuation of the unbalanced state of the three-phase line
voltages in the three-phase power distribution system. In the

line phase voltage conversion means described above, it is

anticipated that actual measurement of the line wvoltages is
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5 of the power factor in the three-phase |ine voltages becones
insufficient, fromthe viewooint of responsivity problemthat the
process for selecting the unit capacity or the |ike may hanper quick
response. In addition, simlar to the aforenentioned unbal anced 10
vol t age conpensation, if the power factor control and the reactive
pover contr@lpddfeder er@ed fyarconbhek! i NG, t hgrgbreetphasgeiPhte the
converter, using three-phase unbal anced voltages of |ine voltages as

i nput vol t agerophase NEEESSREY WO URPRAL sTHASLI &Rt thE tfleadd N€@oltage
vol t ages, and generation of 15 zero-phase-sequence voltage signal and
t he phase wsidragks si Jadrefiord hdhlemee i phaspo syl Akt drheer dihen response
Therefore, there is also a problemthat response to the variation of
power fact dro Féeodycitiaiiong énttheaynbadgaeed stafet ¢l duhkbreeopiiase
power factor, control 20 and reactive power control by the three-phase
convert &r, 1§ 7} eR997 | ReFOReDr BbFeEicients difficult to

bi t il trol th factaqr, th to t
Factor warlati on A ¢ nFeBBRRESe Hhi di GHSE T TuR (Yo ErdRy GraRy the
trolli . . 4 4 ' j LS -
Contr oL I %% PONEL SRS o AEACERS Al Y ERM AL 0213 15 knom,
situation alow§n AR .eCtI'thsﬁé‘@iﬂ@é@{‘&n'fB:’Le'%tL‘EQﬁstéQ Bl 118 iy
set and control the power factor and al so control the reactive power

in the threerphesen defifkises rande 0hdewilie wld ¢atithfOBECMPON Aol tage
probl ens as descri bed above, Anot her object of the present

i nvent ilon irsedwcicont ridont l0¢ powkd0$ pctwmeandntire liedchby viehd actittage sag
Wi t hout the necessity of process or configuration for measuring the
power fact cronpenswtion hr da phdsevodhaget eag immunitAms@erdt igigtdon ofit
the present invention is to control the three-phase PWM converter
based on i rist alafdfeshi$hRjte thraveliapeageduebian neate ekl s ok S8660€S

| ine voltages actually nmeasured, _.and whil e conmpensat i ng

f
unbal anced ST aHRS, OPRETTONEEWSE NOM AT RAS NP r sQbt | 9BApbHer VEiEage
contr ol led wij . JavOrable Fe5PaNsLabbdalQ, RORL LAGHOT variatigh i,
) i to a n

the three-phase Il ne voltages. i
t hree- ghase, ; there are derived fromone actually nmeasured val ue of

| i ne voltages being 15 three-phase unbal anced vol t ages generated in

del ta- connecti on;xoghd | ¥EsPHASE- EBAUIRC 6 el drddheous voltage drop is
negati ve- phase- sequence voltage, and zero-phase-seguence vol%age

bei ng wye- ciarmneffieient) ée- PHAIE Addidl 906 erh A £ ERS s WP &t £ €a 1284 For
out of phase with each other at the tinme of actual measurenent.
Accordi ng twwitrse sag immunity.
Conventionally, the following technique has not been
20 known; i.e., using the three-phase unbalanced voltages of line
voltages as the input voltage, instantaneous wye-phase voltages
are derived from the instantaneous line voltages, thereby
controlling the three-phase PWM converter and compensating for
the unbalanced voltages.
25 In controlling the three-phase converter, there are
problems as the following in terms of controlling a power factor

and reactive power. In the patent document 5, it is known that

the power factor is arbitrarily set in the inverter device.
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20 derived voltages, the three-phase PWM converter is controlled to
conpensate for the unbal anced vol tages, and further, the power factor
and the reactive power are controll ed. Here, the instantaneous
val ues of line voltages are values of the line voltages actually
nmeasured at a certain point of 25 tinme, and the instantaneous val ues

of wye- phasgowerdagehiad @owelrULScBbrtdien twEt Peasaeeobagies giridi factor
deri ved based on the actual neasured values of the line voltages. In
conpensat i ngf far inventehawaichdpeofoanssACiGecomodtsaiges wididmlslupplies
measured at a certain point of tine are used, w thout using actual
measur enenteledtmeic opouenedtatamuirbptvaneavorveng fesitars, fxomeni power
t he wye-phase vol tages obtained at the neasuring point of tine, and

t he t hree- pFRREFFRF cBAv Er (CMMe L &lo RIERT cHUBPLYiSFHGLERe wEepRisae .

| t bej deri d M f | Vi bl . FI G i
D enord | et i Bt oRoRirTn  FeChRbaRanEo8 SErtang EhRpBRESE dACtor

a schendtic

and powver f Voqtrrgf)ﬂc%oli.na%%?ﬂ:tgiﬁ?&ihg tﬁ%ﬂ‘&)ﬁ%%—?&?%sé ”ngﬁé%e:& which

[ Unbal ance age npensati o e un ance

vol tage conpafvalioneub! e LNeg- ahal goc % : ake
conpensat ed by usiikér)\gtiti\%eltlh?%g ég:at@kaaggg e;%alt%e tert?n('[png‘{?%l gl?hg,gfgﬁighc,for

in the casewhnierildgtihe +bieggdhase unbal anced vol tages eia, elb,
and ej., are not given or not directly nmeasurable, and furthernore,

I nst ant aneous valliepaetitheamwyeiphheccase tvlges ahregephasaesdlitdges are
whi ch are 120Q out of phase with each other are obtained by using the
line vdlt agubalaneedy meateckuigteords popht kfown nwhitherehyt2gls the
perform ng élilfeéj-npbr?alls‘?ch%%g%%gi?:grog'sing as input voltage, three-phase
unbalanced voltages of line voltages, so as to arbitrarily
control the power factor.
In some cases, it is required to set the power factor
15 arbitrarily in an electric power system. By way of example,
"Guidelines for ensuring the technical reqguirements for
interconnection of power quality” (Agency of Natural Resources
and Energy, October 1, 2004), "Guideline for interconnection
technique in dispersed power supply system”, or the like,
20 defines the following; in the interconnection with distribution
lines, "an adequate power factor of receiving point is set to
be equal to or higher than 85%, in principle, and it is prevented
that the powér factor becomes leadiﬁg power factor when viewed
from the system side”. In order to satisfy such definition,
25 it is required to set the power factor arbitrarily.
As described above, if the power factor is controlled to

be an arbitrary value or controlled to be 1, according to a

conventional power factor control by making a selection of unit
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In FIG 17, in association with the respective termnals a, b, and c,
t he three-phase AC power source 100B side is illustrated as an

equi valent circuit incorporating bal anced voltages et, e" and et, a
transm ssi on i npedance Zl, and 25 equival ent inpedances ZI 2, Z23, and
Z31 in the event of voltage sag. Conventionally, as shown in FIG 18,

[t 15 assUnehddily e diRaleancadasiabe oF &Ml (et aAs e AndRAM o

source 100B 1's caused by unbal ancing factors agal nst the bal anced

vol tages ef, ldwerdndy@icemlhetpbpee, id hey upkahakmedtMatt ag€ process or
conpensator 400 is capable of conpensating for the three-phase

unbal anced cumif Bgesa tiske rEdih emec@mdiinigohehpbwebef dbtee-phasayuired. 1In
unbal anced voltages eia, eth, and eth are given or neasurable.
However, ifaddithese, tthems dsaspothbal pnokilemothayesespaysettie, vardadtion
are unknown or unneasurabl e, the unbal anced vol tage conpensation
cannot Be p&f figrer@pwer factomgimddiendhnege Ph@Peedingn Fo Lkdgeso becomes
handl e the unbal anced state as_descri bed above, in the unbal anced
vol t age comHEEEI A, St ey VEEWPRET br 88 ST SRV oh Prafd-em that
t hr ee- phase AC power source 190AEas s@gmn in FLG 1.%nc|ud%§ i ke. ma
unbal anced VT tAGEECEF at OBt RETRRERY n TR aBRT i PRPERE Eh8E e WRR ARG MY
2p/ 3, and iyt .| QS S4 me that those unbal anced vol t ages
ﬂajﬁ&ﬁ%lg di\%% erégpé’ésgé‘.

i nduce the In ages eab, ebb, and esa, respectively on the

termnals a, b, 15 ailiLeilPNSEARENL Yiot PRel REHEERAHRLbAGAS uBBBlanced
ebs, and e" can be treated as voltages generated fromthe three-phase

unbal anced wolt@@gescempeneatiand akh the t pewehr Fackascfpovesnd the
source 100A. In other words, these induced voltages can be assuned as
maki ng up frFacitius sipowenr oftohheolinbateinped foaimedgeby elayntatdl, liagd the
eth, 20 when those unbal anced vol tages cannot be directly obtained.
Accor di ng thngr-Riatenndi omanverten e wusdinchakditiesy phiaseunyabaiaaged
state in the unbal anced vol tage conpensati on of the present

i nventi on, WARIFRAR IlrénPhV%gtBﬂ%ea%ﬁH’Qu&mY@&t@SI%a@Esl%in&ce@tsrﬂrY to

and eth are not given or unngasurable, it is .
J:epea’cq measuremen ol'J:1 %?’xe line wvoltages, and generation of

15 Zero-phase-sequence voltage signal and the phase voltage
signals in the line phase voltage conversion means. Therefore,
there is also a problem that response to the variation of power
factor becomes insufficient.

Consequently, in the conventional power factor control

20 and reactive power control by the three-phase converter, there
are following problems; it is difficult to arbitrarily control
the power factor, the response to the power factor variation
in three-phase line voltages is insufficient, and in controlling
the power factor, a process or a configuration is required to

25 measure the power factor.

Considering the situation above, an object of the present
invention is to arbitrarily set and control the power factor

and also control the reactive power in the three-phase converter,
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25 possible to obtain the three-phase unbal anced vol tages eia, eib,

and eth by using the induced voltages eab, ebs, and eba, thereby
conpensating for the unbal anced voltages. Here, the induced voltages
eab, ebb, and esa correspond to the |line voltages of the termnals

a, b, and c, respectively. The unbal anced vol t age

conpensat i ofh @rddiet8ASBAS theVeshv&itt isnal PGP ad dOIPENSAd a®dve ,
for unbal anced vol tages of three-phase AC, in which instantaneous

val ues of wye- phaasmthamwbbiges of tiepeesaattimvendich iar eo Il the
of phase with each other are derived fromthe instantaneous val ues of
the |ine varewgeFactmooradgidnghe oredetivendagdioragwithpes- phagecessity of
unbal anced vol tage conversion unit | A of the unbal anced voltage
conpensat orPACCEH2 @b FOBGAONGIAtiRg £AE Reavtr A dderpRWesnt2¢teF i the
10 conpensate for the unbal anced vol tages. Therefore, even in the

case whére tHESR TRRAZHHAWVEhb&F anced i nput vol t ages are not given or
hard to be neasured,, .t _is_.possibl.e to_performthe unbal apced volt
Compenaatton - The A m BB 8FoPT s BrRSERELTLATGHY s BF e dE the
i nvention fgguses NHiAN j olta L r -

t hr ee- phase pome?p%é%%r?gﬁtFgﬁvggikéhﬂgggxﬁd%%dggﬁt?ﬁggagﬁgg-?égephase
connection «di &9l bpegsnedl pebRadnta¥ent¥is i@ﬂae%biQagﬁﬁy%bQﬁﬁ§§y

voltages ) , and by subjecting the line voltages to the vector

oper ati on, nigrwd@rd@nenis walléesonpehbat28gwger phasel antd oS tafjet) the
are 120Q out of phase with each other and the zero-phase-sequence

vol t agdOar epalezr vEdectdbn andertlieo reattibvet powehr esrephamet vt teith a
it is necessary to derive the we-phase voltages and the

zer o- phase-GapidkEe valesigns Ivii the tpr @err | Fegtoronvarhatigr- pllaséhe
vol t ages obtai ned by the 25 vector operation is subjected to the

dg- axi s convereg hiocksee E¥tad9e% conponent of the

T el The | LI bE RGAThET 40 R BaE A | Bedbackes bl
ree=p X . o
vol tage Cor@}_e&ﬁabh%n Q%%lﬁ%%]cggﬁse%%#eﬁveG%igg % ! E&ﬁ@dexﬂo#@égé$ ebeing

| ine vol tages being un ree phasés I'n a generd

t hr ee- phase paverpihi sd ﬁhlaatlia%e%y%fﬁag@glgea%?c(art@hnﬂ? 6e 18 aTebhad f9bn;

converting the line 5 voltages into the wye-phase voltages by using a

centroi d vesdHit DReIFHADE- sédsdddd AN AGY Ues nehalthgel PhagePBagBence
unbal anced vol tages of wye-phase voltages which are 1202 out of phase

with each otdieraged anid kbeozehasphasgquenguensEt ¥9é ttagicn pvgedebnviedtion
fromthe instantaneous val ues of the |ine voltages being 10
t hr ee- phasethurgsai phatel unbiflagesd Yol tages watichgairdd 2ARecwhasephase with
vol tages fromthe |line voltages as descri bed above, the inventors of
t he presentéachother at the time of actual measurement. According to these
20 derived voltages, the three-phase PWM converter is controlled
to compensate for the umnbalanced voltages, and further, the
power factor and the reactive power are controlled.
Here, the instantaneous values of line voltages are values
of the line voltages actually measured at a certain point of
25 time, and the instantaneous values of wye-phase voltages are
values of the wye-phase voltages being derived based on the

actual measured values of the line voltages.

In compensating for the unbalanced@ voltages, line

18



i nvention have found the following; in a triangle whose vertices are
formed by the term nal voltages of respective phases in the 15

t hr ee- phase AC vol tages, when centroid vectors are obtained as to

each line voltage vector connecting two term nals according to the
centroid vector operation step of the present invention, the centroid
of these cerdlitagey eritaiesl lagmeasuvketinat a eéetanap@inbhtofotimbeare used,
zer o- phase- sequence conponent of each of the 20 wye-phase voltages

whi ch are @0hout wsimphasetwal mesairatdigr valves althadined/ edt oultiple
vol tages obtained fromthe |ine voltages include a

posi ti ve- pHiaasyeiie R ddhpbrederiviel haayerphasghugtiaggaaii@ined at
conponent of the symmetrical conponent vol tages though thgy do not

i ncl ude t hethRms: % QA Bt 8T BRI AP HiNePerBR@se FIBh COPVG ST
the relationship in i t he centroid of the centroid vect.ors r.ee
wih thd 1 rrshireirad b RS i e e ot e, Grate” REIFER.
possible to treat the centroid vector voltages as the we-phase
vol t ages

Means for solving problem

FIG. 1 is a schematic diagram to explain the unbalanced

voltage compensation and power factor control according to the
10 present invention,.
[Unbalanced voltage compensation]

Firstly., the unbalanced wvoltage compensation will be
explained. The unbalanced voltages are compensated by using
the line voltages at the terminals a, b, and ¢, in the case where

15 the three-phase unbalanced voltages e:,, e, and e;; are not given
or not directly measurable, and furthermore, instantaneous
values of the wye-phase voltages of wye-connection which are
1202 out of phase with each other are obtained by using the line
voltages actually measured at one point of time, thereby

20 performing the unbalance compensation.

In FIG. 17, in association with the respective terminals
a, b, and ¢, the three-phase AC power source 1l00B side is
illustrated as an equivalent circuit incorporating balanced
voltages e., es, and e;, a transmission impedance Z;, and

25 equivalent impedances Z;;, Z;3;, and Zi;; in the event of voltage
sag. Conventionally, as shown in FIG. 18, it is assumed that
the unbalanced state of this three-phase AC power source 100B

is caused by unbalancing factors against the balanced voltages
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whi ch are 120Q out of phase with each other according to the dg-axis
conversi on process. In calculating the symetrical conponent,
each of the wye-phase voltages obtained in the centroid vector
operation 5 is subjected to the dg-axis conversion, calculates a
d-axis voltage signal and g-axis voltage signal, subjects the d-axis

vol tage si g3l egNthddes,q- axher¥pbiagetss ditda Raidd Y10 ednpensator
frequency separation, obtains a positive-phase-sequence voltage from

a DC componet ,isaeéipadlleub#t esmpensgéingefphade: thl keqieice unbatlageed
froman AC conponent. Since the wye-phase voltages obtained in
t he centroitbVeages wptentiloh dmdidgiiemdhate thee thaee-phase- swpadaosed
conponent, the zero-phase-sequence voltage is cal cul'ated by using ]
anpl i t ude CEERAIRBE1Er GImot RNGSYatITe GIVESe OF digrRFIeBaREe v o HOf &fd 15
a phase _cal cul ated fromthe positive-phase-sequence voltage and the
negat i v&- ph -%egBEﬁ‘éép SFFaQ’éﬁbqlﬁrif%@erv‘?Jot Ruftre $he and €. are
zer o- phase-uan{aﬁjgnceo vq:Il t age irna t#:ee mn?lt rbi %I & %Iri%rét calocul %tsia%ribn
[ Power factor co"mroﬁ] She tf e p MY o Or o SEn F T ReE

reactive pqwe{ (ﬁpngé Oﬂ)ez‘_“f&mé’ _expl ained. Wen average active power
IS represent eoi1 y Pave ave and average reactive power is represented

by ()aye the povy aljaeheft €RE(copvéetidesh amy B hohaPWi tHE wa®sldanced
PaveR rave24ave2 ) 1/ 2 25 In the present invention, the power factor

control andstdtee aealds e ivabogantirothanmbpdaheededo BEage dompenSaftien
rel ati onshi p anong the power factor cose, the average active power
Pave avé amteveiaye teddie peremmmelr invenision, the threfcgiradiendQ power
the present invention, a power factor and reactive power controller 2
arbitraril yaee dR@Apascthawt iorFEGs 1 inpdudpsdinkalanrced gicddadges €ia.
active power Pave based on an output fromthe three-phase converter.
Then, accorfden@betneaRMHdd 5hgRhdze poder Pade/Bei Ry dist =5 ROFSdRde

e, o LSOt S5086, REEAPELRY HEEHARH LYaSRRL LAY Taila
IR 2 S L e e S
15 and ¢. Consequently, the induced voltages ea.,, ene, and e;, can

be treated as voltages generated from the three-phase unbalanced

voltages e1a, €1n, and e;c in the three-phase AC power source 100A.

In other words, these induced voltages can be assumed as making

up for acquisition of the unbalanced voltages e;., €1, and ei.,

20 when those unbalanced voltages cannot be directly obtained.
According to the aforementioned overview for handling the

unbalanced state in the unbalanced voltage compensation of the

present invention, even when the three-phase unbalanced

voltages ey, e1p, and e;. are not given or unmeasurable, it is

25 possible to obtain the three-phase unbalanced voltages €1, €1p,

and e;c by using the induced voltages e,,, €pc, and eg,, thereby

compensating for the unbalanced voltages. Here, the induced

voltages ean, €bc, and eq; correspond to the line voltages of the

20



10 converter is generated. Wth this configuration, the power factor
Is controlled by a set power factor that is arbitrarily configured,
and the reactive power is controlled by the set power factor.
According to the relationship anong the power factor cos(r), 15 the
average active power Pave, and average reactive power (Lye, the

aver age rea@éf’nvﬁwpyvea,(aay&ﬁscwﬁé@gré@ﬂl@él $he follow ng: Qave =
Pave' [ 1 - ( Cos 0 )2] 1/2/cos 9 hi s equatlon represents that

t he average reactThe pavaladaed i Solei@s MowbdnsdtienveragchéCpirégent
power Pave and the set power 20 factor cosO In the present

i nvention, inneersfberiendivacted doaticmyiens sniorny folraupmakandat ol tages
the average active power, and the average reactive power indicates
that the pd%%rthra@@c-cnh%ﬁﬁjAtcheineubipbeimmt@m%o%mabmse@ﬂ Wyei-phase
of the follow n a control is 25 possible using the power factor

whi ch i § arffti39es pEoeveurPRIeEtheR Mhigh ee S get AR PP@SSdWth each

and the react.i ve set owe}'L f act

the power fREITr %%%t‘ﬁ%?l%é: n#éO'Br gﬁ%ﬁf‘gﬁi P‘Sﬂu t K8 uﬁ@engghe line

CosSvappar ST BN 2CEORT R PGBy %%?/e%rr%é HWrserrhaianse

set power fx?&i%gé BonversidRdufoNi A tRE ot 1R &@P’Eé’ée %Bglpteﬂ%ator

reactive power, IS

1, thereby controlling the three-phase PWM converter to

10 compensate for the unbalanced {roltages. Therefore, even in the

case where the three-phase unbalanced input voltages are not

given or hard to be measured, it is possible to perform the
unbalanced voltage compensation.

The unbalanced voltage compensation of the present

15 invention focuses attention on that input voltages in a general

three-phase power distribution system are based on the

delta-type 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

20 wye-phase voltages which are 1202 out of phase with each other

and the zero-phase-sequence voltage are derived. In order to

control the three-phase converter, it is necessary to derive

the wye-phase voltages and the zero-phase-sequence voltage. In

the present invention, the wye-phase voltages obtained by the

25 vectoroperation is subjected to the dg-axis conversion process,

and a bC component of the positive-phase-seguence is extracted

to be used as a feedback signal to control the three-phase

converter.
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5 possible to regenerate power on the three-phase AC side, fromthe
out put of the three-phase converter. The present invention

i ncludes follow ng aspects; a nmethod for controlling the power factor
of the three-phase converter, a nethod for controlling the reactive
power of the 10 three-phase converter, and a controller of the

three- phase converier unBRY afkelin05S1 B8Re Clcdmpled sG@FRN| ¥£ Prd dedesent
with the follow ng technical elenents; the power factor cosO is

arbitraril yirsedntidre fwelagmdad iftr pheelile velabigisn®edihgotnbh@anced
out put of the three-phase converter, the average reactive 15 power
Qave i s obtin nddrés plsases ainoa gehbérahethbeeepphesef powor daséribsdédon
on the average active power Pave being obtained and a value of the

set power fegiemcosrd Weckrding donfd guiedbpen fogormemiertsinger tae nddne
usi ng the set_ power factor as to which the power factor is ]

ar bi t r aPi | YA A-8¢ Oahlae e RIS Velhader 20 Ysd ngodtGiirrid yector

association with the set ,power factor I n,addition, an 05_ t he
aspects abSRFEH & Tomidi OXEq VRAERS: R the r@aﬁ“PgﬂaéﬁeHil‘Ea anced
Ledior oner ity BECEYeBhhagy CNRIL Gl ake a0d BELCORMILS wicn

generati on Ofcsidiidr Lol &2 Eﬂwéﬂ%é%e&ﬁ@ne@%m@d ate hag§Sed

The first aspect of the present invention relates to a power factor

control netfiash otheheddvaerflass coavgeselos atfle Mg ePaFdl€adds | Yeing
it relates to a nethod for controlling the power factor, in a power
conver dbon tiredh- hes e atrisbd haemep hasketaffed o PVWM conver si on for

out putting DC. The power factor control method according to

the present inverdin opalsupabindedhei twyeiphade poheagesnviaiosi obhef line
the 5 three-phase converter for subjecting the three-phase ACto PW
conver si on YOYtHRDURE i F§SOE1PLAs \ARASKS 4 cgmecéﬁﬁ@ﬁéﬁ?scé?fcut%%i pResent

Step. & car B RRTSUL T BBRAA FOR AT L AN R ARGl RIS UBFFaRES
trol st h trical |l cul ati .
Cymmetri cal iR By o agE At adeTOF CAOT, o EaBE 3t ke i e

are cahgul %ﬁ%é%ﬂﬁéé‘%@’%@éiﬂ?%@?%,t é@%%t&foi%%gBQ@S&@%H&&%@&)E{S

t he t hree-phase converter, e average activ
to each line voltage vector connecting two terminals 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

20 wye-phase voltages which are 1209 out of phase with each other.
The centroid vector voltages obtained from the line

voltages include a positive-phase-sequence component and a
negative-phase-sequence component of the symmetrical component
voltages though they do not include the zero-phase-sequence

25 component. 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 as the wye-phase voltages
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power operation step, an average active power value is 15 cal cul ated
by using an output voltage val ue and an out put current value of the
DC output fromthe three-phase converter. Then, in the power factor
control step, an average reactive power value in association with the
set power factor is calculated, fromthe average active power val ue

cal cul at ed vl dhea sy eI 2WE At |0 pHARDWArHORRIGH I0theH! @lrcdtdihige t9ekhe
power factor, based on the relationship anong the average active

power val uelg+drel svesagers baret prvecesswer val ue, and the power factor.

In the current conmand val ue generation step, a current command val ue
is cal cul ated frdm t¢mlewkrtageg ache veypoekrieal ueconbnahat edarh 25 the
t he average active power operation step, the average reactive power

val ue cal cHfZRdP3%F R ART TRidBeE ol ridle Seafrodsy vielgdor operation

mmetri_cal, conpopent yoltage | ues,of the three-phase AC voltages |,
cal cul aed ¥ THOISSHRL FP chne cORpORLAt CRAVEGPAPRoncaLculates a” d-axis

voltage signal and 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-

100 seguence voltage from an AC component.

Since the wye-phase voltages obtained in the centroid
vector operation do not include the zero-phase-sequence
component, the zero-phase-sequence voltage is calculated by
using amplitude calculated f£rom the negative-phase-sequence

15 woltage and a phase calculated from the positive-phase-sequence
voltage and the negative-phase-sequence voltage, in order to
calculate the zero-phase-sequence voltage in the symmetrical
component calculation.

[Power factor control]

20 Next, the power factor control and the reactive power
control will be explained. When average active power is
represented by P,y and average reactive power is represented
by Qave, the power factor cosd® is defined as the following:

co86 = Paye/ (Pave’ + Qave’) '/

26 In the present invention, the power factor control and the
reactive power control are performed according to the
relationship among the power factor cos®, the average active

power P,y and average reactive power Qave.
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step. Then, in the constant current control step, based on the
current conmmand val ue and the input current value of the three-phase
converter, the constant current control is perforned on the

posi ti ve- phase-sequence voltage value of the 5 three-phase AC

vol tages, and a constant current control value is cal cul ated.

On the basis of thaHSiENo GHd §ite St HRlverdlieh CAl PohRiredactothana

constant current control step, a conpensation signal for conpensating
for the unhadariced tvagesmfirdllerl@ abbeterabate Hryoliagerierntidcaor
control signal for controlling the power factor are generated. Then,
wye- phase wwis@gesdbehpylng GBecavenigplaasd vei powen Phv.obdeed fooran output
controlling the unbal anced vol tages and the power factor are obtained
based on t HErUbFpensk¥eenPRagnfonyer e cBherelaasepding kgsthe average

generated. 15 Finally, on the basis of the e- phase vol t ages bein
obt ai ned, (HREYYH RRYHR v de I iy RHIREE (51G b RIS Gy E1S 5% taRRVET

PVWM trol,.si | f tputti . ' d. It is . to_b ted
that the coiRTam COPPenbe Ll O Srias T ngo SORRER wH't n S8R0 LREL"S
th bal %%’r [ [ th hover. f -
coﬁt lrjgl as?gna .é@%lh t %tgm???%g ar‘]’%?)'lr?ggﬁt%?ﬂ%%f cﬁj_llrg% on st%’p%%%%:ﬁ‘éng

present | nV&f‘%h@”avéPﬁgM@c@i’@é%oWﬂ 8a8S I ERRE s FORLE26E RiwdiM®hus
line voltages in the three-phase ACin the centroid vector operation

step are usaska@mndde ayeopkase \silgmgesaf ¢het251iingetnbastrde-phase
I nput of the three-phase converter, the we-phase voltages being used
for callful atormeetter sismegéneratedonpdheint thibst agefighwaesioh,t thke power
t hr ee- phase bal anced system and accordingly, symretrical conponents
are cal cul dtastdy ¢ia chatroildedvbytadget power factor that is arbitrarily

configured, and the reactive power is controlled by the set power
factor.

According to the relationship among the power factor cose,

15 the average active power P.ve, and average reactive power Quve.
the average reactive power Q.ve 15 expressed as the following:

Qave = Pave'[1l - (cosB)?1Y2/cosB
This equation represents that the average reactive power Qave
is determined by the average active power P.y. and the set power

20 factor cosoO.

In the present invention, the aforementioned relationship
among the power factor, the average active power, and the average
reactive power indicates that the power factor and the reactive
power are controlled in view of the following; a control is

25 possible using the power factor which is arbitrarily set with
respect to the average active power, and the reactive power is
controllable by the set power factor.

In the power factor control of the present invention, the
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The centroid vector operation step is a step for obtaining we-phase
vol tages which are 120Q out of phase with each other, from each of
the line voltages of the three-phase AC. A vector 5 operation is
performed as to all conbinations of two |ine voltages which are
selected fromthe three-phase |ine voltages. According to this vector
operation, LHedtdq VL@ powet afles A ScpPbadded A ehe ar&1 thwerg ed
to respective term nal voI}%ages fromthe termnal -vol tage centroild.

Then, the vector pigl t-20a5sdl Qg d1embtrivead AR eI PELET Yehy, F griter ed
to be the wye-phase voltages which are 120Q out of phase with each

other. In tTrersfomtri byl setpbingnttlcal seltatpowest dactsymmeori'tal” and
conponent voltage val ues of three-phase bal anced system are

cal cul at ed dofirakhklng etPhapevwes| fagéorofandehehreraphise POVeRpuitofis
the 15 converter, the voltages being obtained in the centroid vector
operati 8n REFFible to negengraffe PRYETaLR FRe phiese R es i sidepy drrom
the present_.invention, an_.integrated val ue of the output voltage

val ue and tH& dtit tc?frgh? %%%’%?a?%ecﬁf’% t is added to a

val ue 20 obtai ”egzr%\/ v%#?kéﬁ? Q%x?enﬁ!fof erfﬂffu&&éw‘%%'lfo%n%“falﬁ’#ectsi a

vol t age val ue an age command val ue to a proportion egra

control (Pln&afdd ofdx EBREEBY1§ALCYHAL It AYSFAYICACEhYE tRPWR  phase
value. In the power factor contrdl step of the present invention, 25

aver age reasgriwerfanera infetolidireedcageesdl ifgt €hé heeAPEIvd igpdwdNYE the
mul tiplies the average active power value by [(1 - (set power

f act or )IR) 1/1Zirfesetplpoveer cbaeeéotel, thdr ebycarallliler td® that threefphlhee
average reactive power based on the set power factor. In

the power feETEriaint r dnyseEptlvise hsppréscare iopmaenilonpronddsdtwigdwehe
factor is configured to be a negative value, thereby enabling power
regener at i diPIFOWIRY af&Age ol | PdepERes ;5 FRPUEPIYOM tTRERT oOfRt 1is

side to the AC.input. side o ree- phase converter.

f.the th . . A
second aspdPF e P& entPEnFERT7SR 3TN DVWETa reakt iR iRt Trom
COn O e hate 58 BRESE SRRLEI LSty o P00 TN RV ki

15 power Qv is obtained in association with the set power factor
cosO based on the average active power P,y being obtained and
a value of the set power factor cos®. With this configuration,
control is performed using the set power factor as to which the
power factor is arbitrarily configured and the reactive power
20 is controlled in association with the set power factor.

In addition, any of the aspects above are commonly
provided with the technical elements regarding the unbalanced
voltage compensation, i.e., the centroid vector operation, the
symmetrical component calculation, and generation of signal for

25 compensating for the unbalanced voltages.
The first aspect of the present invention relates to a

power factor control method of the three-phase converter, and

more particularly, it relates to a method for controlling the

25



10 reactive power in the power conversion in which the three-phase AC
IS subjected to PI Al M conversion for outputting DC The
reactive power control nethod of the present invention is provided
with a symretrical conmponent cal cul ation step, an average active
power operation step, a reactive power control 15 step, a current

comand valpievge Ficidon i it & povdit canverstiant wEiH eilb fsudd @hreeephase
I n the power conversion by the three-phase converter which subjects

t he t hr ee- Afasts AN ccdvikécohorerBoonodigruotdpgtdéng DC. I n the
symmetri cal conponent cal cul ation step, 20 synmetrical conponent

vol t age val ues offhehporgreBaphaseceiztzmk awthedt aprardiogl toltdiegresemt
t he wye-phase vol tages of the three-phase AC i nput of the three-phase
converter. HHWeMNelol et BgBTa¥Lfige Héﬁglr- dfertdie drrweRpCoReBEiput of the

{ir co. pacc D CRIART O E R0 OF o CBISEr LR i CHYBP AHRagE: Ry o P
power val ug.o L Leod eaELL Ve RONGL £0DL T 0L SLED, oRLhe, BasT S Bf gy

rel ati onshi p ‘anbng e ‘aver age rve”powef va € average

reactive pPQYES YA tfon aé‘gej[%]heaﬂoﬁ‘@érééétgé}'i@@ ﬁMﬁéBQSPéE Eﬁ.ioﬁeﬂzgﬁf a

power val ue associated with the set power factor 1s calculate

the aver aggycifds e dHOAE ondired @@bgul at @grién £ ORI RERIFE ig¥ReRaM@bn
operations step and the set power factor. In the current comand

val ue genersitémn &i®ps comsitarent cuonewn dcoret el Sstep cal cul ated from
the average active power value calculated in the average active power
oper at ildn step, tle avheageymweityiealpowepmpahestcalealcatlsdtiont hetep,
reactive power control step, and the symmetrical conponent voltage

val ues of tFEMHEEHhEOEPPHCNEgEQLEALE NAXURE P & HhzganRhase kplanced

conponent cal cul ation
P system are calculated from the wye-phase voltages of three-phase

AC input of the three-phase converter, and in the average active
power operation step, an average active power value is
15 calculated by using an output voltage value and an output current
value of the DC output from the three-phase converter. Then,
in the power factor control step, an average reactive power value
in association with the set power factor is calculated, from
the average active power value calculated in the average active
20 power operation step and the set power factor, based on the
relationship among the average active power value, the average
reactive power value, and the power factor. In the current
command wvalue generation step, a current command value is
calculated from the average active power value calculated in
25 the average active power operation step, the average reactive
power value calculated in the power factor control step, and
the symmetrical component voltage values of the three-phase AC

voltages calculated in the symmetrical component calculation
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10 step. In the constant current control step, on the basis of the
current command val ue and an input current value of the three-phase
converter, a positive-phase-sequence voltage value of the three-phase
AC voltages is subjected to the constant current control, thereby

cal culating a constant current control 15 val ue. On the basis

of the consdiady. CahieenNt i60Hd Sonktlane satsshdt@shtirbl BRepQNEA884 on the
current control step, a conpensation signal for conpensating for the
unbal anced atatteagiescofmbhd tiuler phade tA€ vinlpwigesuandna &@itueol of the
signal for controlling 20 the reactive power are generated, and
accordi ng tthndmphasgperyadies gridle ampnstt@ndontcugiregitgngontrol  is
wye- phase vol tages, being 120g out of phase with each other for

control li ngf’etl?fé?mﬂfhlc’éh@g@ POFLE4Es -RhasehEcAEGRERVEC bR Vak4e of the
obt ai nedg. Then, a PWM caonptrql signal which subjects the three-phase
AC Vol t Bges e PRARE dbnVRILATRH oPREUT (RRAS T DEHRRSIF GRAHROL value
obt ai ned mye-phqﬁe voltage is generated. It is to be noted that the
constant cury efit %&%ﬁﬁ%ﬁkstep forms a signal which conbines the

unbal anced vol t ags, CoRReRAIONoS! ¢AY Ak tdee T CACLLLE RMBLro1 valpe

control signal. _ e symmetrical conponent calculation step o
the presentcd MUETH# &0 1 USEBe (R MERPBEE B PldA8% 108 épv%dcbmgahgagﬁon

of the line voltages of the three-phase ACin the centroid vector

oper ati on Higmalstdhecwyipepbasenyolfbagaheofult B Seo PagePubfothe
t he three-phase converter that is used for calculating the

symet tbcaltiomep@iade \Adl vadeagalsueandf atdmn tiwkesighesle floal gpoédolling
system thereby enabling cal culation of the symmetrical conponents
fromthe |ithe peveagiactan e geperatedveditan op¥eabPhafesiatagebeing

step for obtaini n% t he_wye- phase vol tages being 120Q out of phase
with each otdRT OBtk PRESeo¥Litheachether iajesopt rphi-éBI i BnRelanced

Thi t f th t tJ t | nbi i f ot

ihe vol t ag@u ST 809 1 G { REVEFac YoiehgBee ARGy PGSPRe O the
. ! i ned.. di

rom the' conmipErit ObPaiEf dhal el Uhelich DI IE S enilh | BEhETatea.

respectkvelpsnAnd, t BAsSenoAalinedrviatd Qe L PhladBeso B £q8S YU BBtained,

wye- phase vol tages which are 120Q out 0Of phase wth each other. The

symmet ri caltHerpeeeriphd@eCAC Cid auboie cte’P t6at6a! IPMEEcBYEPBE bhCahd a PWM
conponent voltage values of three-phase bal anced system fromthe

wye- phase waiittagdassafnahefdivaetpphasiagAl ismencafatidie camvies térhe noted
whi ch are obtained in the centroid vector operation step. The average
active powdhaipethe i ernstanpt ofurhenpresebrolsstepefivines addigaal which
i ntegrated val ue of the output voltage value and the output current

val ue of tKEMbEnR#A pthe tenkalanerd orehiage eymBehsetiengshonalf epdnkke

bet vvee? t he OtJe:T_{)u vol t age val ue and the voltage conmand value to the
pr opor £P on&°% Go gittigiol signal.

In the symmetrical component calculation step of the
present invention, the wye-phase voltages obtained from each
of the line voltages in the three-phase AC in the centroid vector
operation step are used as the wye-phase voltages of the

25 three-phase AC input of the three-phase converter, the wye-phase
voltages being used for calculating the symmetrical component
voltage values of the three-phase balanced system, and

accordingly, symmetrical components are calculated from the
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t hereby cal cul ati ng the average active power. The power
factor control step of the present invention perforns operation for
mul tiplying the average active power value by [ (1 - ( set power

factor )2)1/2/ ( set power factor) ] , 5 thereby calculating an
average reactive power value in association with the set power
factor. line voerddd&d aspect of the present invention relates to

a controller of the three-phase converter, and nore particularly, it
relates to the cameg ekherodfl tdretdihbperpliasa €iosyestL2stehi £dr bBtaining
perfornms power conversion by subjecting three-phase AC to PW

conver si on Wyz-phasitvoligdeE withehcar r@ldeoubfof phatsler ebtphestssh other,
converter according to the present invention controls the three-phase
converter ViHh 95”6’% eétthe Hiine phrdsagne 9blthegysbree -PhRseohver & ggctor
for 15 qutputting DC, ;and it is provided with a symetrical conponent
cal cul aPi orPREFATFPR L8 BECLOrAGsyAmet?i 84l SCOMIRGHIORS tfgetyal ddae

f t hr ee- bal d t f -hh | t f th
Chr ee- phase R AIITAF FES PSSRSO SRoFLEPS RRA0 R VL EPTES -
by usi ng. e Sot B g ol TS A AR R St 2 (Rt tgtts
output of thie, bBEaenRAATRI ERMY EEtecBed WP tebBELREvRNEHRAM T Y81 tages

power control unit for cal culating

from the terminal-voltage centroid. Then, the vector voltages

10 being cbtained are respectively rendered to be the wye-phase
voltages which are 1202 out of phase with each other. In the
symmetrical component calculation step, symmetrical component
voltage values of three-phase balanced system are calculated
from the wye-phase voltages of the three-phase AC input of the

16 converter, the voltages being obtained in the centroid vector
operation step.

In the average active power operation step of the present
invention, an integrated value of the output voltage value and
the output current value of the DC output is added to a value

20 obtained by subjecting a difference between the output voltage
value and a voltage command value to a proportional-integral
control (PI control), thereby calculating an average active
power wvalue.

In the power factor control step of the present invention,

25 averade reactive power is obtained according to the operation
that multiplies the average active power value by [(1 - (set

1/2

power factor)?) /(set power factor)], thereby enabling the

control of the average reactive power based on the set power
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an average reactive power value associated with a set power factor,
fromthe average active power value calculated in the 25 average
active power operation unit and the set power factor, based on the

rel ati onshi p anong the average active power value, the average

reacti ve power value, and the power factor, a current command val ue
generator fsyctatcul ating a current command value, fromthe average
active power value calculated in the average active power operation
unit, the aver age Inedes poeepdidstamburteall ailaat efl the dhesaonenveaction,
and reactive power control unit, and the symetrical conponent

vol t age valtles wétthewehr acphasd s cadigivrggesta deud ahedaiavehwalue,
symmetrical conponent cal culation unit, and a constant current

control unitheRRbE EPRRLLNEP AP FeTenenFitdeon & dhenareyape el g never
of the three-phase AC yoltages to constant, current control to

Cal cul abe FAUBHOtERIMCEPPeRE QB Sii%ctBashs 85 (HEWurFide of the
command valwe%:eaen__dp}%aosé he, Ayt current value of the three phase

t%r. . .
converter, erein, a cormpensation signal for conpensating for the

unbal anced vol t ages; o dd & 448 '&Pal_sl?efgré@éﬁ@gfﬁv@\ggisgﬁcggﬁ_éﬁés to a

signal for controlling a power factor are generated on t

const ant C!Hé&iﬂi\ﬁ‘@ﬁbﬁv@lr Y& Heo £ fletlodl §€ tHe thee80pAL3BIcdmr&tdeNhnd
control unit, wye-phase voltages being 1202 out of phase with each

ot her for cwig @ddtigdlmnbdltaneddtesl tage matlbd Fp@setricdding the
are obtai ned based on the conpensation signal and the control signal,
and acdor direggdioivehpowee- phdde polveagesnvdwsiabtial weich aHa\Whrent pbhse
signal for subjecting the three-phase 20 ACto the PWM conversion for
out put ti ng A% I PHNHEERY. te tPWE eenyrrsintiedieh pubiet tong iRk

current control unit fornms a signal which conbines the unbal anced
vol t age conpensatifénTe&Rghiye [Fahecpbrivt meibes ot Sherressyhinpvepiion

h Il er of .the three-ph t di ng 25 t.o th
pr asont | S BFOT Ao MERC BN TN AL GLEE brUHRHATY brP el GhAR GitaRe o

ch’l tages arateve gé %%q:jfvreo o%%hoﬁfar%lgfo{ui é‘f%ﬁ! Olé q;%easct%fvet tﬂ)%%%’rpggﬁ%rol
, and in the net ri calf conponent calcu [ on
15 step, a current command value generation step, and a constant
current control step, in the power conversion by the three-phase
converter which subjects the three-phase AC to PWM conversion
for ocutputting DC.
In the symmetrical component calculation step,
20 symmetrical component voltage values of the three-phase
balanced system are calculated from the wye-phase voltages of
the three-phase AC input of the three-phase converter. In the
average active power operation step, an output voltage value
and an output current value of the DC output from the three-phase
25 converter are used to calculate the average active power value.
In the reactive power control step, on the basis of the

relationship among the average active power value, the average

reactive power value, and the power factor, an average reactive
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unit, the we-phase voltages obtained in the centroid vector

operation unit are assuned as the wye-phase voltages of the

t hr ee- phase AC i nput of the three-phase converter, and symetri cal
conponent vol tage val ues of the three-phase bal anced system are
cal cul ated by using thus obtai ned we-phase 5 voltages The
centroid vasdwdr GRARE BeBodhkalt eldSwath Ofled aleitopowdit fdStoplilAicaletlated
wye- phase vol tages which are 1202 out of phase with each other, from
each of theftomehslavagegreofactiset ppeerphatee At lduleivddriro fdreativerage
is perforned as to all 10 conbinations of two |line voltages which are
sel ect ed fragtive Dovede opeasd longestopt ar@k Lhensedr BTt LTS vddt ghe
operation, centroid vector voltages are obtained which are directed

to respect i SEFIRHCPIMARG Vades $eRpTREOR StAMaR- GOTTaRE <IMans] yalue

fo be tho v SRATHE Rt FhER B 05 TP GPYRaSa T Faddaated
ther. In tJ i cal | i ; i cal .
conponent v Ehye e 1S et ITRTRGHO SR TR ek A tne oG SRactive

cal cul at ed J4p thA W/ eaRRAIE + KAl 1 R8T YeddtS VeNEBRaPNESELASL WYY, Gha
t he convertier, which 20 are obtained in the centroid vector operation

unit. the Ty er gL1 agbmpSn8RYETo0PLF8! A lukBI befththh%%Sgﬁhse
i nvention adds an integrated val ue of the output voltage val ue an

t he out put valktsyds e Ll t ddhel iDE heu tsytime trd ca 1v @omponenai cad coy ation
subjecting a difference between the output voltage value and 25 the
vol t agéOcorsteenl. vdnudéhieo comns handp srurivemd] comttagdalstepnt ool thehbeshy of
cal cul ating the average active power value. The power factor
and react i V& piEFT ¢bht POMMERE t Vatug handr 8B ehRPRAVERETBRts¥RIUE ponihe
factor, and _according to the, operatiogn . that nultiples the average
active powdiiNRRRNARE FOPYCrteZata BoRat L ECPBRPeIFCHRSNCE Eot tagmupLue
factor) ] , thereby enabl.ing cal,culation of the. average, reactive
pover | ahd Corerol Tree arhere Ao oralkadlact e, BopT4EHRHC RN FRossapt
power Fact Qi Sl cbRErBIVEnd AGPLadBH1REAGY ¥ BRAWER AN £ G WBhlro
rmay to be a

of the present invention, the set” power fact be se

negati e valdh,e t hereby enabling power regeneration of the average
active power value, fromthe DC output side to the AC input side of

t he three-phase @anvenhéembasliGAcepr dhrg éonétenespeciren®l dhetPsEsealue
invention, it is possible to set the power factor to an arbitrary

val ue i n t mldiulee:gghasctitomeoersttant andréhit quoviaroff atepr, Heoopeasation
controllable, and it is further possible to control the reactive

power basedismahefeet cpopenspgépgr for the unbalanced voltages of the

three-phase AC voltages and a control signal for controlling
20 the reactive power are generated, and according to those
compensation signal and the control signal, wye-phase voltages,
being 1202 out of phase with each other for controlling the
unbalanced voltages and the reactive power, are obtained. Then,
a PWM control signal which subjects the three-phase AC voltages
256 to PWM conversion for outputting DC based on this obtained
wye-phase voltage is generated. It is to be noted that the
constant current control step forms a signal which combines the

unbalanced voltage compensation signal and the reactive power
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15According to the aspects of the present invention, the set power
factor is set to be a negative value, thereby regenerating the power
fromthe DC output side to the AC input side of the three-phase
converter. According to the aspect of the present invention for 20
obtai ning the wye-phase voltages fromthe line voltages, it is

possi bl e t xdietdte ddgnawe- phase vol tages at one nmeasuring point of
time, based on the line voltages actually neasured at one point of
tinme, wthout usiMg agmmakrycatasanimshersl cadcaftakiba sindp adetshe present
acquired at nultiple neasurenent points. Since the 25 wye-phase

vol t ages camyrnibinmiused basedrorphdre valtegescolidlyedrdasur edchtodHibe
point of tinme, it is possible to reduce the tine required for

det ecting Urtlg afebtades oPf agbeatdrgarahasendG Honthe| cengraid vector

t her eby _deri vi ng ] nst ant aneous e-phase voltages fromipstant aneous
ine voPt agReTation stes, oo the W?ﬁ-PlaeS?hve@tg-ﬁﬂageOEnisaF&ﬁce ase A

P L e e R TS R R

three- phasecl'k@'%ﬂﬁﬁ@tfi’ééfnéomponent voltage values of the three—phase
balanced system, thereby enabling calculation of the
symmetrical components from the line woltages.

10 The centroid vector operation step is a step for obtaining
the wye-phase voltages being 1202 out of phase with each other
from each of the line voltages of three-phase AC. This step
performs the vector operation as to all combinations of two line
voltages selected from the line voltages. According to the

15 vector operation, centroid wvector voltages are obtained,
directed from the centroid of the terminal wvoltages to the
terminal voltages, respectively, and those obtained vector
voltages are assumed as wye-phase voltages which are 1202 out
of phase with each other. The symmetrical component

20 calculation step calculates symmetrical component voltage
values of three-phase balanced system, from the wye-phase
voltages of the three-phase AC input of the converter, which
are obtained in the centroid vector operation step.

The average active power operation step of the present

25 invention adds an integrated value of the output voltage value
and the output current value of the DC output to a value obtained
by subjecting a difference between the output voltage value and

the voltage command value to the proportional-integral control,
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As expl ai ned above, according to each aspect of the present
invention; the method for controlling power factor of the three-phase
converter, the nmethod for controlling reactive power of the
t hr ee- phase converter, and the controller of the 10 three-phase
converter, it is possible to control the power factor to be an
arbitrary sgiendiyec@N6uLOHAP| thdeav&REdd VEPOYE pdwks he three-phase
converter. According to the present invention, it is possible
in the three-phase powdt Gactior RANAOD sheppofethkapiresentninoknéidn
15 reactive power control wthout the necessity of any process and
confi gur at iperfarmseeperation hEopowelitiptybng the avepeger dcngveopbier
present invention, the three-phase PMNIconverquZis control |l ed based
on the i nstERtdhelis [WepHEat \RoWege5asbeained £ resfh tRewatt farcter)].
measur ed i nstantaneous |line 20 voltages, and it is possible to )
cont r ol 5t herFHIRRY t LA A Td the alneagf’ﬁyégﬁow‘é?a‘\?\ﬁ’t‘ﬁe a RRRS apyfadue din
responsivity to the omerwéaﬁL%r variation.in the three-phase line

t

vol tages, s sfﬁﬂ?:'a% I"§ll oﬁﬁ)’%r%%‘f?ﬁgf?ﬁo{mbal anced vol t ages.
25 Brief Descri p“ﬂéx%“ irté]%%e%vt’ Q)gfs.'eﬂeGEr%s'e%taiﬁ %fE%hCr%'tﬁere%mtBOa

expl ai n unbal anced vol tage conpensati on power factor conftro

accordi ng tQdioPrsas %@ttﬂé"éﬁh%bophas@&m?eﬂéf‘,shhéﬁf&ré‘p%%tﬂg%ﬁh‘fly,
configuration of an unbal anced voltage conpensator and a power factor

control | er jaceenditag t6 tHecphegelleryethicOthr&s Hhasé convd e ahtch
to explain a procedure for obtaining 5 wye-phase voltages fromline
vol t ages, geodiadimy oweheotsetnsdioth bgcsobjepeinyi dnre e pines el ria tan WM
conpensati on of the present invention; FIG 4 is a flowhart to
expl ai n a prosvegion ofor awtpetiing BPmet ri cal conponent vol t ages
fromthe we-phase voltages, 10 according to the centroid vector_.
operation in the TfbEPRAES1AEFpRASAE SHTER -PRESHr eARVRTT 8y difiGasriing to

FIG 5 illustrates atvolta e.vector diagramto explain the ce troig_
vector operdtd BECERNEN LR YARGE SRR S B HAEO RS iasus tex which
I nvention; subjects three-phase AC voltages to PWM conversion for
15 outputting DC, and it is provided with a symmetrical component
calculation unit for calculating symmetrical component voltage
values of a three-phase balanced system from wye-phase voltages
of the three-phase AC input of the three-phase converter, an
average active power operation unit for calculating an average
20 active power value by using an output voltage value and an output
current value of a DC output of the three-phase converter, a
power factor and reactive power control unit for calculating
an average reactive power value associated with a set power
factor, from the average active power value calculated in the
25 average active power operation unit and the set power factor,
based on the relationship among the average active power value,

the average reactive power value, and the power factor, a current

command value generator for calculating a current command value,
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15 FIG 6 illustrates voltage vector diagrans to explain the centroid
vector operation in the unbal ance conpensation of the present
invention; FIG 7 illustrates a nore detail ed configuration exanple

of the unbal anced vol tage conpensator and the power factor and
reactive 20 power controller according to the present invention; FIG
8 i1l ustrat®son tteNav@itaRid agteyanpbretovexpt atdldubdtddeininhrl avegdge
vol t age conpensati ng operation and the power factor control operation
of the pressantiverpentdmpperatienf anied bye sawveradgd metdatipre pessimmygadie
the CPU according to software; 25 FIG 9 is a flowhart to explain a
confi gur at isHl @axas@ imhthe pdwemfbatancaed relacddy ecpapensantgel unit,
operation and the power factor control operation of the present

i nventi on AN SBL GBI BICah W@t‘-‘l EObFéﬁﬁé’@W%Pftw tppgee-phase

d | of,
he. unbal arRedovREEgE TSt ton %?‘ﬁ%ﬁﬁg‘iﬁa N a1 8818t don
nventi on; \ELG 1dnjl il S SRS hek Neup tcoving,

unbal anced ‘ageé Conpensation accor esent i nve

FIG 12 il 'ﬂ&é*@i@-lﬂ%@ﬂ g@éﬁ@x{c@x\?mg&e ofaibe Hﬁbéhé”’éﬁiie}éo hage ac
conpensation according to the present invention; 13 rates
experi nent ato 1epeR5as ao Yorddantkalranead cmitrage t@omae_&%qtaw@na constant
according to the present invention; FIG 14 illustrates experinental
exanpl es ofcursentnadmnoeld il um [Haagesl conmties auraenac comtiang talukeand
present invention; FIG 15 illustrates an experinental exanple of the
unbal alBed the tlagatconpeasit vahuacrotilenghreetpivage exaveriterenwhernein,
FIG 16 illustrates a confiquration exanple of a conventional voltage
fIuctuatioﬁ1c6ﬁ$3ﬁ§§€5%°nl§ugnglJﬁDFIFG§P?BFé§lHE dpn viErentnbplenred
in the event of volta e sag; and FIG 18 illustrates eggivalent

circuits, redfRdss e thregeniess & ¥9d ta9esh@ndoadcongaods sigaal

three- phasef (:I‘:Onc\./on rolllng a power factor are generated based on the

constant current control wvalue calculated in the constant

15 current control unit, wye-phase voltages being 1202 out of phase

with each other for controlling the unbalanced voltages and the

power factor are obtained based on the compensation signal and

the control signal, and according to the wye-phase voltages thus

obtained, a PWM control signal for subjecting the three-phase

20 AC to the PWM conversion for outputting DC is generated. It

is to be noted that the constant current control unit forms a

signal which combines the unbalanced voltage compensation
signal and the power factor control signal.

IN the controller of the three-phase converter according

25  to the present invention, in the centroid vector operation unit,

wye-phase voltages are obtained from each of the line voltages

of three-phase AC, and in the symmetrical component calculation

unit, the wye-phase voltages obtained in the centroid vector
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20 Description of the Preferred Enbodi ments Her ei nafter,
preferred enbodi nents of the present invention will be explained in
detail with reference to the acconpanying draw ngs. Wth reference to
FIG 2 to FIG 9, the power factor and reactive power control of the
present invention 25 will be explained, taking a three-phase

converter asperhEXeiPLEit aafe CXPSEmSBNAS! theSWyeSpRAskheo2BRgEEMBAT $he
wll be explained with reference to FIG 10 to FIG 15. Wth

ref erence tithiddésplPasea Fahedmipud cofif i the atilreefphdde ponserftact,or and
and reactive power control of the present invention wll be

expl ai ned. symEi3ical g adnpemaitas¥oACageweyasveas cecfl 0Gheupphires-phase
t hr ee- phase AC power, and the three-phase converter 200 subjects the

t hr ee- phas @NEGRRR FYES efhrr PRALS UdGhesl BY 016 1ngh §hpe qRiaiRpd wye-phase
outputtﬁd to the DC | oad 300. The three-phase converter

accordi Ag tP}HI%F esent invention is provided with the unbal anced
vol t age conpensatQr 1, _and.t wer f ctie (. .
controller 2. Thgﬂﬁhé&ﬁ%ﬁ%@éﬁggﬁggﬁeoggﬁ%g%ggpg?igqg%ﬁ%ﬁﬁ@% eglpgrunlt
unbal anced \ éiﬁ%ﬁ.- = fgg§% r esge
fluctuati oné%f%%e VO éwg?u%ﬁfﬁrggto tsﬁgl%fgarfagggéupﬁrt oF°phase
addi tion, thepowakhl astRer angdoraCtiye RAVEEhEONLITR | 9b12abeedEKEne
the voltage and current inputted into the DC | oad 300, being the DC
out put frongHiwe ipH&s: phase Boneetber odeatdnd 1S pEdfumMedoaerto all
factor and reactive power control according to the PFC (Power Factor
Cor r ectlPon)cawrinations of twbhdinebwbihagdsvehialyeans mreitsdtest froms the
provided with a centroid vector operation unit 10 to obtain fromline
vol t ages, W spLliagereliagss ar ACT2Oding: tothjkasecRy RPexafion,
other, 20 a symmetrical coordi nate conponent cal cul ation unit 20 for
cal cul at i ngj‘“s‘%/l’?ﬁf%kq i efteBnpoherdes ottageltainadt WhiehpArsedpEPShELd to
system fraomthe e- phase vol f ages. obt ai ned_by t centroid yector
oherati on PSR, S tuiiehn T aLTress "chROYol thR & GBI SPIEAge
a conpensat j igpal f 5 ing I u nc Vs g

in the thr eée- p x;i%i]AC vﬁ%@gegggpe‘pé@%#hé; °§§\?§} %f a@?g#aanoﬁaelg{c%(?v§§e

pover ggnt rdd o2 ¢eS1 P A gV {d) RN 1AL AL pElde & RPN ORRA RN ARe
unit 50 for obtaining average active power "according to & Pl control

based on a Mjd age &Ephe sangith eachesthya| uerrthtgmike Ottt cbhgBhent
the three-phase converter 200, apowerfactor andreactivepower control
unit 90 forcalrdilatakord yusett, i nymangiovieralf acoepoaandt voltage values of
three-phase balanced system are calculated £from the wye-phase
voltages of the three-phase AC input of the converter, which
20 are cbtained in the centroid vector operation unit.

The avefage active power operation unit of the present
invention adds an integrated value of the output voltage value
and the output current value of the DC output, to a value obtained
by subjecting a difference between the output voltage value and

25 the voltage command value to the proportional-integral control,
thereby calculating the average active power wvalue.

The power factor and reactive power control unit of the

present invention sets a power factor, and according to the
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5 controlling the power factor and reactive power by the set power
factor, and the constant current control unit 40 for formng a

control signal for controlling the power factor and the reactive

power of the three-phase AC voltages. The constant current control

unit 40 has a configuration 10 commonly used for form ng the

conpensat i Bps+Hiedn ftdatt ha1¢nbakantrd MAltAHL2ctaRd betreboFal g H},h? (1
control si gnal to control the power factor and the reactive power.
adder 30 addqszar popbaseaseaHETICE MaldtagewandEaepat) Ve 'tﬂi‘éiﬁﬂwseﬂabﬂﬁ.ﬁg
voltage, to the output fromthe constant current control unit 15 40,
and gener atsslanRWl e dhesayeahgtoresabieetporger hand reatiyirddd ndCoxL
vol tages to the PWM conversion in the three-phase converter 200.

The t hr ee- P& ATFRAES tReAQDDVE SPOWeN | RRSE I @ Bhe hsek-pokee Fagtor.
circuit _200a and a three-phase PWM pul se 20 generator 200b for
generatPng a pul S dithdoHFr TskIoAh g Wﬁelpé’ﬁ*e&nCSPtFﬁé unit of

t hr ee- phase .PWM CII’C it. 200a to performthe PVWM trol
hr eo- phasd EIRAGY" GURFIi AR DGO 1ermP e s."&afalbeb5§$dt8nbe

the controly Wl\%% d ﬂlﬂaf% %T%ll% d;E)QrfeJ:e)i% é:atttl%n of the

t hree- phase Ircuit a may or y a br| circuit

which is magdes yOfadt S0 Phidld v%ﬂl%réenkroﬁ\nghéhﬁc%ﬁﬁﬁu’é'sgi@é to the AC
controls C]\I/CFF operation of the switching element to performthe PWV

control. Thehnmentsidd oectis Opesatpasantdnddrperf orns the vector
operation as to all conbinations of two |line voltages selected from
the lindé vol t agedcotoshing ng thetaspeaicd arf dper ptesant cemtent toweditod s
vol tages are obtained, directed fromthe centroid of the term nal

vol tages ofpagilledimesti dhe bewey Sachetetpmpaibiferany (vegaw imothe
the term nal vol tages respectively, and those obtained vector

vol tages ar'®TARRAIRI t GOPKETEPRmet AThl EBRr dibRAteE coﬁ%ﬁ%t becomes

ik oo e S R P B 10
coordi nate c aélguédk?é 6‘5&{2%&@4 C]EJ| ates fromthe

wye- phase \Poq ges a| ne cen rord Vector operation unit 10,

posi tiyvg- phase- sam PP a8, %%%tat%eo&h%ﬁ%g, %%E&%el&a%h%%n angle

zer 0- phase- sequence vol tage, whi ch are symetric nmponent vol t ages

of the 15 tduteepphase frdticedssyydiemoamnd té‘e%%g&@l%ge@aﬁﬁ@ thereby
outputted to the adder 30. A configuration for conpensating for the

unbal anced reatdragest iang ther powsty 6rbinnghd e poawditf 8gder tanthd A€ input
reactive side of the three-phase converter,

According to the aspect of the present invention for

20 obtaining the wye-phase voltages from the line voltages, it is

possible to derive the wye-phase voltages at one measuring point

of time, based on the line voltages actually measured at one

point of time, without using actually measured values of line

voltages acquired at multiple measurement points. Since the

25 wye-phase voltages can be obtained based on the values actually

measured at one point of time, it is possible to reduce the time

required for detecting unbalance in voltage and generating a

control signal, thereby deriving instantaneous wye-phase
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power, is made up of the follow ngs; the constant current control 20
unit 40 for perform ng constant current control based on the

posi ti ve-phase-sequence voltage calculated in the symetri cal

coordi nate conponent cal culation unit 20 and the feedback val ues of
the input power directed to the | oad side, and generating a current
command valys tddies aVESRIEnFE€AN VENHONET 1 DREI RSl Odgedi t 25 50 for

cal cul ating the average active power according to the Pl control

based on the inpuin agaieRbnanch the thpsd-prddagavanbaceldeys toge phase,
converter 200, apower factor and reactive power control unit 90 for
setting thagpowsiidn@dicothandoseeécteatacorgtrdhe idviésapess Bt e madweain
based on the set power factor, and the adder 30 for adding the

negat i ve- pizated e st vd'fltﬁyzéﬂandlﬁm ze¥tensas e adEEnCce and t gydput

to the current commnd signal after the constant current control is

per f or med. 1R USHEESRBI t age i s added as the
corrpensation sig aI h. cogpensates for the unpal anced vol t ages_of
Lhr 6o- phase AC v31 S A8 EBRYLE° Ao i) P pLAG P AARAS praSe the

|
\égrr:)(g%g;tﬂ ﬁel%é% Li:fance @%ﬁl\g&egﬁ %’g%ﬁﬁ P%C%QF cq:or of
factor and ﬂﬂ'@ th%cet-lp‘h%s%o%ﬁvefbérv"y&@%%%oﬁ%&f%%ﬂﬁﬁf%eaﬁ%%e

the adder 30 are inputted into the three-phase P se gener at or
200b in t hgydweresMhdee te@RECHhese288nveet¥irNJands tHEe Eitrdl 16t Wiakhe

for subjecting the three-phase AC voltages to the PWM 15 conversion

for outiput tilnpdPhadd agenverter, it is possible to control the power
factor to be an arbitrary set value and control the reactive
power in the three-phase converter.

According to the present invention, it is possible in the
three-phase converter, to perform the power factor conirol and

15 reactive power control without the necessity of any process and
configuration for measuring the power factor.

According to the present invention, the three-phase PWM
converter is controlled based on the instantaneous wye-phase
voltages obtained from the actually measured instantaneous line

20 wvoltages, and it is possible to control the power factor and
the reactive power with a favorable responsivity to the power

factor wvariation in the three-phase 1line voltages,

simultaneously with compensating for unbalanced voltages.

26 Brlef Description of the Drawings
FIG. 1 is a schematic diagram to explain unbalanced voltage
compensation and power factor control according to the present

invention:;
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The i nput power to be given as a feedback to the constant current
control unit 40 can be acquired in the average active power operation
unit 50, for exanple, by calculating average active power based on
the current and the voltage being detected 20 on the DC out put side
of the three-phase converter or on the |oad side. [Cal cul ate

wye- phase void ages 1hsthetednkr 8tHeMeEL 8 cOPLl @it D o3¢ .an AnbA&anced
unbal ance conpensation of the present invention, with reference to

t he fl owchardktade kofpehsatdri-bd 2 pokermfidctbe vactoslkagiarording to
FIG 5 and FIG 6, there will be explained a procedure for obtaining

t he we- phdde \wiesgels Vet tow: 1209 out of phase with each ot her
fromthe |ine voltages using the centroid vector operation, and a
procedure fEOkG- c%léﬁlatﬁﬁ@w§9ﬁ#§tﬁQxﬁxRﬁﬁﬁﬂnﬁH@r9%¢@%§%sfPFo9P¢ﬁén1n9
we- phase volta bei ng obt ai ned. _ . The |ine v | t ages

eb, , g) et %%XRQBPQFﬁef’E‘PW EEDH VR 3REF e HE IR %n%%é? B‘i? geptgoid
Her e, the l.ine v 5 eah e r_volta bet ween t t er m_nal
o Cand e Ter AR R ErRoti Pante i ffer it VR o aie R cent
bet ween t hg J&4{% xgﬂ "b" and the termnal "c", and the |ine voltage

e" is a vector vdftage between the termnal "c" and the termnal "a"

(Si). The Ilpme wWliagesRRidHhHeter 16880 .a phoekddsd) rakech@culating
subj ected to the vector operation, and centroid vectors (e2a, e2b,
e2c) are cayuetitbak2compde@bt -veLttagés 38krém) the wye-phase voltages,

10 according to the centroid vector operation in the unbalance
compensation of the present invention;

FIG. 5 illustrates a wvoltage vector diagram to explain the
centroid vector operation in the unbalance compensation of the
pPresent invention;

15 FIG. 6 illustrates voltage vector diagrams to explain the
centroid vector operation in the unbalance compensation of the
present invention;

FIG. 7 illustrates a more detailed configuration example of the
unbalanced voltage compensator and the power factor and reactive

20 power controller according to the present invention;

FIG. 8 illustrates a configuration example to explain that the
unbalanced voltage compensating operation and the power factor
control operation of the present invention are performed by an
arithmetic processing of the CPU according to software;

25 FIG. 9 is a flowchart to explain a configuration example where
the unbalanced voltage compensating operation and the power
factor control operation of the present invention are performed

by an arithmetic processing of the CPU according to software:
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e2b = ( eb0 - eab) / 3... (6) e2, = (eca - eb0)/3m( 7) 15The
inventors of the present invention have focused attention on that
there is a relationship as expressed by the foll ow ng equation (8 )

bet ween the centroid vectors (e2a, e2b, e20) calculated fromthe |ine
vol t ages, and the wye-phase vector voltages (eia, eib, el0) which are
120Q out ofrphasgo WM ibuseshtdd ekperimeheat €2ampl18300€i Bhe edbata®ila
el0 = e20 + el0 The equation (8 ) expresses that the we-phase

vol t ages 25rdEtage etdmperidyt i cdcasedl2d Qo uthef ppheaet Wikderetldn ;

ot her are represented by the vectorial sumof the centroid vectors of
the |ine viAIGgebl (ERhystPates2¢xpecipestalebyamphdst hE the unbalanced

zer o- phase-sequence voltage el0. According to the equation (8) t he
[ nventors dfOJEtFﬁﬂ?)r‘é%‘WﬁWﬁFe?ﬂlWW@S ot dthapregents Jﬁb‘é@l‘*'@)}‘éﬂto
obtain e- phase volta es (eta, etc) which are 120Q o

phace Wt h BEEn b ek LoFFERE £ oSEBRT CHPACSbCEBREPEFS L RE FhRcupbrAagesd

Far ther . 1 (0803 TR FHET SReBTH e (B0 1 Tre PET St breh g CH o
posi 1 ve- pha .fﬁ%“%%&s Kohtageo hor 1Al A1ecREABLLUCoPNERE: SRAUTAGRC

vol t age et, phase vo eta, et eta) which are

out of phasgddde e@&ﬁpé&w@flo&a&baﬁr@ﬂig{ﬂm%ﬁé OpR-d Sin € SN F S thion ;

vectors (e2a, 10 e2b, e2) of the line voltages The present
invention wid) zps ibruseratéonskperbréneed tkempeasr ordtnecuabalahced
the line voltages and the wye-phase voltages. By using the centroid
vect or 40( eZultage eadpessatiornadoubadiby biyo ttiee visod sen openragnohod r om
the line voltages (eab, 15 eba, eca) being the delta voltages,

i nst ead of EfiGedid yldasdaaitey aneewper phentayotxampbe (aff £hectipbadpayed
whi ch are 120Q out of phase with each_other, these centroid vectors
(e2a, e2b, ¥Ahtage eRIATON RECITAIRT B R R RA phiseeoiipn :

Converter,éﬁﬂffﬁgyif %%E&I%%En éggffgu §Pi§£'é§5$piecﬂ?aFQB%$e Q%%nal
AC unbal an
voltage f£luctuation compensator;
15 FIG. 17 illustrates an equivalent circuit in the event of voltage
sag: and

FIG. 18 illustrates equivalent circuits, respectively on the

input side and on the load side of the three-phase converter.

20 Description of the Preferred Embodiments
Hereinafter, preferred embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings. With reference to FIG. 2 to FIG. 9, the
power factor and reactive power control of the present invention
25 wlll be explained, taking a three-phase converter as an example,
and experimental results of the embodiments will be explained
with reference to FIG. 10 to FIG. 15.

With reference to FIG. 2, a schematic configuration of
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20 voltages. (Rel ationship between the centroid vectors and the phase
vol t ages) Hereinafter, an explanation will be nmade regarding
that the centroid vectors (e2a, e2br e2c) obtained by the vector 25
operation correspond to the wye-phase voltages which are 120Q out of
phase with each other. FIG 5 illustrates the relationship

bet ween the el f8w¥P! agesrandal He e vitNarfratol dWeSoL | B Ftle BrebBat

delta voltages are represented by the line voltages (eab, ebc, eca)
bet ween t heidwdmt ion wi1a" ba8skpiined. amdrie’ 2 ARdtheee aplas8’AC Pber
wye- phase vol tages (eka, ekb, eka) are represented by the vector

vol t ages froommre drdd tsuppylijes nhrketphaaehAOfpdier 5 drel healkthrae -bhase
and c. The point k is a reference point arbitrarily determned in the
wye- phase vainegieer 200 subgeetsi thehdhwpe-phase Adl teeper (tkathek BWM
ek,) are given, the delta_voltages (eat" eba, ea.) are determined in
st andar 8i z PTHETEFON ORI P ot ekt agmdl s P Hher tHe e 1RC Vipad gl

(e, b, 10 eb,, e, ar iven, the reference point can,_be defined at
any position andqﬁhrﬁjs%PﬁseﬁBpﬁ?en&?O%‘ﬁ?’é?e’Eo&‘ﬁqOE g FReretr BFeERET

1S, Ao 8RB By S OO 580

manner, an nite nunbér o Inati ons

represent ety asg, {q i GoRRISEa¥ebLAGRE teabbide Shber %ﬁtﬂéfléé 20 Bfe

noted that the zero-phase-sequence voltage according to the we-phase

vol t ages (akibaridbe®krdltSgassoipenssték, 1 3bflptH8ap8sNEorOunbilanced
assuned as the reference point of the zero-phase-sequence voltage.

Accor dilng twlttege=| ain onshé p beteeephibe drRCt apuvekrageandl cupbeesses

vol tages) and the wye-phase voltages as shown in FIG 5, follow ng

equat i on i Slointiakibnseadf the' voldlage- ogkputtedkto- th&a)C A1@ek800. In

(eka + ekb + ekc) = 3eka _ 3eko- (9) 25According to the rel ationship

of equati orpddhtiqme the power factor and reactive power controller 2
feedbacks the voltage and current inputted into the DC load 300,
being the DC output from the three-phase converter 200, and

15 performs power factor and reactive power control according to

the PFC (Power Factor Correction) contreol.

The unbalanced voltage compensator 1 is provided with a
centroid vector operation unit 10 to obtain from line voltages,
wye phase voltages which are 1202 out of phase with each other,

20 a symmetrical coordinate component calculation unit 20 for
calculating symmetrical component voltages of a three-phase
balanced system, from the wye-phase voltages obtained by the
centroid vector operation unit 10, and a constant current
control wunit 40 for forming a compensation signal for

26 compensating for the unbalanced voltages in the three-phase AC
voltages.

The power factor and reactive power controller 2 is

provided with an average active power operation unit 50 for
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wye- phase vol tages (eka, ekb, elm can be expressed by the follow ng
equations (10) to (12), by the delta voltages (eab, eb,, e") and the
zer o- phase-sequence voltage eka. eka = (eab - eba) /3 + ebb... (10)
ekb = (ebceab) /3 + eko 5aka = (ecaebc ) /3 + ekom (12) On the other
hand, as for the we-phase voltages which are 120Q out of phase with

each ot her,opieihide shaesaaekavhi poRértdcsrdlagad 8 PERIRRGICBRKA

a, the phase angles fia, fib, and fic of the respective three phases
a- phase, b-ghasesoliabd Gralyphagel al eutamas sed ey off ithe= DT bulkpatafrom
2P/ 3 15fia = a + 2p/3... (13) The phase angle of the

posi ti ve- phdsethrgeepbaseotomgerisr 20 0phapeweairt fac ber andosactive pewer
wye- phase vol t ages haying the rel ationship of 120Q out of phase from
each ot her .COEERHi Wyl t o Phiferr @chitadtily, settdndnpopeverafagtor and
control _target of_ the 20 three-phase PWM converter can he extracted

by the dqg- &AETONVEISTES, PPHRT diRF oz AR A RAGHg IhBO¥BRtRB EhEfS§heower

three- phasefa%%:?,ona\llfé tt%é constant current control unit 40 for forming

a control signal for controlling the power factor and the
reactive power of the three-phase AC voltages.
The constant current control unit 40 has a configuration
10 commonly used for forming the compensation signal for the
unbalanced voltages, and for forming the control signal to
control the power factor and the reactive power. An adder 30
adds zero-phase-sequence voltage and negative-phase-sequence
voltage, to the output f£from the constant current control unit
156 40, and generates a PWM control signal for subjecting the
three-phase AC voltages to the PWM conversion in the three-phase
converter 200.
The three-phase converter 200 is provided with a
three-phase PWM circuit 200a and a three-phase PWM pulse
20 generator 200b for generating a pulse signal for controlling
the operation of the three-phase PWM circuit 200a to perform
the PWM control. The three-phase PWM pulse generator 200b forms
the pulse signal based on the control signal generated in the
adder 30. For example, the three-phase PWM circuit 200a may
25 be formed by a bridged circuit which is made up of a switching
element, and the pulse signal controls ON/OFF operation of the
switching element to perform the PWM control.

The centroid vector operation unit 10 performs the vector
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In addition, in the we-phase voltages which are 120Q out of phase

wi th each other, the phase angle of the 25

negat i ve- phase- sequencevol t ageandt hat of t he zer o- phase- sequence

voltage, with respect to the positive-phase-sequence voltage, are in
the opposite direction at the same angle. FIG 6A illustrates the

rel ati onshigpexed Wamn dsh € o381 Weonise Mald ageswbhl Lie ardl thfid eulieefted
phase with each other and the reference point "o" of the

zer 0- phase-fSmyuetrive YohéagelthphEs. 6BActbndinat €s the wekabropperption,
bet ween the wye-phase voltages which are 120Q out of phase with each
ot her and tdfntegit eNectesi nrobtagere eont rahhired or difeehedoi fiyom [the
FIG 6, the reference point of the we-phase voltages which are 1200
out of phaseRfEN GLh HrdreTiinahldhaas B kedta cé’ﬁ’(‘lletor’fé on., belng

oS g A L R S | TS e
el c) which ar usg%lon( Qndogﬁggev}%ﬁtthaﬁ?é:&'J)f%%tﬁ%%hé&ftg Lep=e %bl?_?bl?:tﬂ%d

foll owi ng eq assumn e equ | ons

to (12): o the symdf@tditgaot n&ﬁﬁ)l t Raf1ldd1a8For MAit 20,
centroid vecc% orse (Se2a e2b, 02c are ta| ne y the vectaor © *
operation, @fsumiddeaHawe [vdme: g&éew pHsd @ 14eldes Welildoase 1200

(eab, ebc, eca) , and when the point o he centroid vector is
represent edan.’ay d€ phixs0vitre mﬁr@tldeﬂect ors are expressed by the
foll ow ng equation (15) (S2) :

The symmetrical cocrdinate component calculation unit 20
calculates from the wye-phase voltages obtained in the centroid
vector operation unit 10, positive-phase-sequence voltage,
negative-phase-sequence voltage, and zero-phase-sequence
voltage, which are symmetrical component voltages of the

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

A configuration for compensating for the unbalanced
voltages and for controlling the power factor and the reactive
power, is made up of the followings; the constant current control

20 wunit 40 for performing constant current control based on the
positive-phase-sequence voltage calculated in the symmetrical
coordinate component calculation unit 20 and the feedback values
of the input power directed to the load side, and generating
a current command value, the average active power operation unit

25 50 for calculating the average active power according to the
PI control based on the input current and the input voltage into

the three-phase converter 200, a power factor and reactive power

control unit 90 for setting the power factor and calculating

41



e2a(eabeca) /3 e2b = (eac - eab)/3 e2c = (ecaebc)/3 25e20(e2a + e2b +
e2)/3 = 0- (15) According to FIG 6B, when the we-phase voltages
(eia, etc) which are 120Q out of phase with each other are
expressed by using the centroid vectors (e2a, e2b, e20), the

af orenenti oned equation (8) can be obtained. 30The equation (8)

i ndi cates tHial .aAS-LfS HdRad AP P¥Grert B‘ése\ﬂb’@np@ﬁé%é/@ﬁcﬁ&% HRAdr, and

eib, elc) are represented by the vectorial sumof the'respective

centroi d vegioaddetr 30&dd agayabtageaegaavecphase28pqgastckhioltage and
zer 0- phase- sequence voltage elo. On the other hand, as for the

wye- phase wdid agao\phade Saquend)@odutagef tphtse cutieracomidnet signal
when t he phase angle of the a-phase is represented by a, the phase

angl es fia,aftiexr e f Icortﬁtétﬂ*l-'e sugiresd, bophzod, éﬁd pepharmed. The
respectlvely are expressed by: fla = a 10 fiba - 2p/3 fic = a + 2p/ 3-

(16)  The IR Ps%ﬁu‘%%’ée a&étﬁwe%ﬁégé%%ﬁéﬁ@ww&@% Snlﬁnal
15 phase Wgtgpilvél{fp S haﬁsﬁmegqf tvl\qle LB'H:)a %nvc%lc{ %%ﬁ.%:avggsc%faq:%ree ghase

out of pha
AC wvoltages.

The adder 30 outputs the wye-phase voltages which are 1202

out of phase with each other, in order to compensate for the
10 unbalanced voltages, and control the power factor and the

reactive power. The wye-phase voltages outputted from the

adder 30 are inputted into the three-phase PWM pulse generator

200b in the three-phase converter 200, serving as the control

signal for subjecting the three-phase AC voltages to the PWM
15 conversion for outputting DC wvoltage.

The input power to be given as a feedback to the constant
current control unit 40 can be acquired in the average active
power operation unit 50, for example, by calculating average
active power based on the current and the voltage being detected

20 on the DC output side of the three-phase converter or on the
load side.
[Calculate wye-phase voltages by the centrold vector operation]

Next, in the unbalance compensation of the present
invention, with reference to the flowcharts in FIG. 3 and FIG.

25 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 of phase with each other from the line voltages

by using the centroid vector operation, and a procedure for
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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 facilitating the control of the 20 three-phase
PWM converter (S3). In the wye-phase voltages which are 120Q
out of phase with each other, the phase angle of the

negat i ve- phaseeeRIIERE Méiﬁﬁ%ﬂ”@o&%heﬁft {BetE8ES- PHAR eGSR ase
voltage, with respect to the positive-phase-sequence voltage, are’in
the 25 oppoesditaghs acéing sbtahwegane angle. Therefore, instead of

t he wye-phase voltages (ela, elc) which are 120Q out of phase with
each ot her, the B rbiveveofltagesf (che. | Bpe val) apedwee2c,eah. of2¢he
are used to extract thepositive-phase-sequencevoltageePandt he 30
negat i ve- phidieesdhase &G serajgaady aromatinsedentiesed thetlsime veodzage
e2b, e2), thereby taking out the DC conponent as a_control tar%et of
the thr&e- prase® PWR S doldRgebgtyeen She FeRBinRbs | bRt e terminal

t bal d | t b t t
o oo e A A8 S R O BT Dol WBm e tpamna
e2b, e2¢) oRlal g ) WRG.dLER Spear snau%s%ﬁﬂe WoIledE 84S o vector

conver si on process, aXI S corrponent el , e (‘ja

conponent &}dh @ Se Oﬁéﬁbé‘&g tHd) Se FRIYEL St ON éﬁdcﬁﬂé’u@éﬁﬁhﬁé’l asai 0&51)
control the three-phase PWM converter by the DC conponent (S3) Ol'n

order to perfor mite d@naxivelaRAYe Shelnga EERAdtAA VEELYT é8, e..) are
converted into a real vector. Wen the phase di fference between the
wye- phdse it peEreised et ,thsd lvector) opedrattient, haed- pbaseohdl aacedrs (e..,
voltage (er, es, et) are assunmed as a, the wye-phase voltages (els,

en, el,) aréveqaialalag®t aadcaldagld.part 15 of the wye-phase vol tages
represented by the spatial vector, and they are expressed by the

fol | owi ng equat i Ga (17§ &avels€ca) /3 -~ (5)

€ = (€pc ~ €ap)/3 w (6)
€2c = (eca - ebc)/3 e (7)
15 The inventors of the present invention have focused

attention on that there is a relationship as expressed by the

following equation (8) between the centroid vectors (e.s, €.

ez:) calculated from the line voltages, and the wye-phase vector

voltages (eia, ein, €1c) which are 1202 out of phase with each
20 other,

€1a = €25 + €314

€1p €2 + €10
€ic = €2c + €10 w (8)
The equation (8) expresses that the wye-phase voltages
25 (e1a., e, e1c) which are 1202 out of phase with each other are
represented by the vectorial sum of the centroid vectors of the

line voltages (ez., €2, €2c)., respectively, and the

zero-phase-sequence voltage e;,. According to the equation (8),
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= ELCOS(wt + a) ens = EibnmCOS(wt + a -2p/3) el, = EcnCOS ( Wt + a

10

15

20

25

the inventors of the present invention have found that it is
possible to obtain the wye-phase voltages {(e;,. en. €1c) which
are 1202 out of phase with each other, from the centroid vectors
of the 1line voltages (eza, €2, €c), by deriving the
zero—phase—seqﬁencevoltageeh“ Further, it is also found that
according to this relationship, the positive-phase-sequence
voltage e;; and the negative-phase-sequence voltage ei, of the
wye-phase voltages (e1a, €1n, €1c) Which are 1202 out of phase
with each other, can be obtained from the centroid vectors (e:za,
€3, ©3.) OF the line voltages.

The present invention utilizes the relationship between
the centroid wvectors of the line voltages and the wye-phase
voltages. By using the centroid vectors (eza, e, €2:) €asily
calculated by the vector operation from the line voltages (e,
€pc, Bca) being the delta voltages, instead of directly detecting
the wye-phase voltages (ei1., €1n, €1c) Which are 1202 out of phase
with each other, these centroid vectors (eza, €2, €2c) 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 phase
voltages)

Hereinafter, an explanation will be made regarding that
the centroid wvectors (ez,, e, €z} obtained by the wvector
operation correspond to the wye-phase voltages which are 1202
out of phase with each other.

FIG. 5 jillustrates the relationship between the delta

voltages and the wye-phase voltages. In FIG. 5, the delta
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+ 2p/3) ... (17) Wien these wye-phase voltages are subjected to the
dg-axi s conversion, the d-axis, the g-axis and the

zer o- phase- sequence 25 conponent can be obtained. However, in the
delta connection, it is not possible to directly detect the we phase

vol tages (els, el,, ,) which are 120Q out of phase with each other,
and they argponeigds V@ﬂe T86re68itedl Be EREO1PHESGOIEEYBBC Y Ite@,ge €ca)
el, is unclear. 30ln the present invention, instead of the we-phase

vol t ages ( ehwendib thel térwhnah]sc‘wrlahdb'emlet'ef‘t afdddi¢ectang, "eheand "a”
centroid vectors ( e2a , en, e2,) are enployed, which are obtai ned by
subj ecti ng et ewyaripase neovbhgagebet.o ke oBRirord vepreseuvpedabiothe
Accordingly, with the line voltages at one 5 neasurement point of

time, it i ﬁm bV@li:ég@ér’rﬁé??éfat%nf BEbLREAL KT é@lﬁ?ﬁs]é il}ﬁbeﬁaaiﬂbe‘élf the
voltage% . en th $hase voltgg . e%? %g?Ofetg%int
equatiof (&P PILDH] Bet h&- dgTREi e?sﬁﬁn fB?f B
equat i on (181.)bi’§ra?z§£fblé erm:.neéj in &e wye- phase vof@aéeg’. 11
Here, if the wye-phase voltages (exa:. €xb, €xe) are given,
the delta voltages (ean, €nc, €ca) are determined in standardized
manner. On the other hand, even when the delta voltages (ean,
10 €hc, €ca) are given, the reference point k can be defined at any
position and thus the point may exist countlessly. Therefore,
the wye-phase voltages (exa, €xp, ©ke) are not determined in
standardized manner, and there exist 4infinite number of
combinations that may be represented as the wye-phase voltages
15 (€ka, ©kb, ©kc). It is to be noted that the zero-phase-sequence
voltage according to the wye-phase voltages (exa. €xp: €ke) 18
assumed as ex., and the point "0”" is assumed as the reference
point of the zero-phase-sequence voltage.
According to the relationship between the delta voltages

20 (line voltages)} and the wye-phase voltages as shown in FIG. 5,

following equation is obtained:

€ab - €ca = €ka - €xp - (ke - €xa)
= 3€ka - (€ka * €xp + €kc)
= 3€xa - 3€xo w (9)
25 According to the relationship of equation (9), the

wye-phase voltages (exa, ©xp, €xc) can be expressed by the
following equations (10) to (12), by the delta voltages (eapn.

€ber €ca) and the zero-phase-sequence voltage eye.
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- - cos( co t-27d3) cos ( co t+27¢c/3) -sin (co t-27c/3) -sin( co

t+27c/ 3)

10

15

20

25

30

la Ib lc (1 8) 10

€ka = (€ap - €cal/3 + exo w (10)
€xb = (€ve - €an)/3 + exo w (11)
ke = (€ca - €pc)}/3 + exo w (12)

On the other hand, as for the wye-phase voltages which
are 1202 out of phase with each other, when the phase angle £,
of the a-phase is represented by a, the phase angles f£:., fiu,
and f£,. of the respective three phases a-phase, b-phase, and

c-phase are expressed by;

f]_a= a
flb = a - 2p/3

fic a + 2p/3 w (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 1202 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.

In addition, in the wye-phase voltages which are 1209 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

positive-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 each other
and the reference point "o" of the zero-phase-sequence voltage.

FIG. 6B illustrates the relationship between the wye-phase
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When the centroid vectors (e2a, e2b, e2c) of the equation (15) are
subjected to the dg-axis conversion, follow ng equation (19) is
established: 2dC0s 0.) tCOS (wt-2 n /3) cos ( wt+2 g /3) - e 2a e=

2 -sinwt

lg O

10

15

20

25

30

-sin(f wt-2n/3) -sin(f wt+2 n /3) e 2b 23 1le 2c Id

voltages which are 1202 out of phase with each other and the
reference point of the centroid wvectors (centroid). In FIG.
6, the reference point of the wye-phase voltages which are 120¢
out of phase with each other is represented by K = 1, and the
reference point (centroid) of the centroid wvectors is
represented by K = 2.

As shown in FIG. 6A, the wye-phase voltages (e1a, €1b, €1c)
which are 1202 out of phase with each other are expressed by
the following equation (14) assuming that K =1 in the equations

(10) to (12):

€1a = (€ap - €ca)/3 + €10 = €ca + €10
€p = (epc = €an)/3 + €10 = €op + €10
€1c = (€ca = €pec)/3 + €10 = €5c + €10 w (14)

On the other hand, as shown in FIG. 6B, the centroid vectors
(e2a, €2n, €2c) are obtained by the vector operation, as to the
two line voltages out of the delta voltages (eab, €bcr €ca)., and
when the point of the centroid vector is represented by K = 2,
the centroid vectors are expressed by the following equation

(15)(s2):

€2a {€ab - €ca)/3

€xp = (epc - eap)/3

€2c = (€ca - €nc}/3

€20 = (€22 + €3p + €2:)/3 = 0 w (15)

According to FIG. 6B, when the wye-phase voltages (e;.,
€1n, €1c) which are 1202 out of phase with each other are expressed
by using the centroid vectors (eza, e, €2:), the aforementioned

equation (8) can be obtained.

The egquation (8) indicates that, as described above, the
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15The d-axis components eld, eza, and the g-axis conponents elqg, e2,/
after the dg-axis conversion, expressed by the equations (18) and
(19) , are not influenced by the zero-phase-sequence vol tage el,
expressed by the equation (14) , and the values of the d-axis
conponents are equal to each other, and the values 20 of the g-axis

conponent s gy SRl Q1926 Ot DY, n tdie)equdl i eBpké3bnit&da by the
enpl oyed, V\V/ﬁ{ch i s obtai ned by t]sllrjabj \é%]lt%i ngélt e equati 8n (15) to tlt,'ue
dg- axi s conmediSdial tdiem el T esEec e &85 11 il & ddtiraniodNaedds 1line
| ine voltages (eab, ebe, eca) obtained at one neasurenent point, it

i s possi bl erdaltagspdrdat @24 hePFé@ndohbhe dlexat - phagespeedienye sodtiageng:. .
the line 5 voltages at one neasurenent point w thout using the val ues
at mul tiple nmeas@erddet qidian hagfd .t jase for the wye-phase weltewes which

if the PFC control is perfornmed by usi n%the equation (19), the
zer o- phise-&& e VS PAgRnase Woldk e 25bedr VheRnhkhe RhaToRNG® of

Therefore, the 10 zero-phase-sequence, voltage el, is calcul ated_by
Jsing the JH A-PEIRAE CERTBREEEO0 Phge: e Phase andLes 81506, ana
negat i ve- phase- ce._ ge.,, at | _ .
zero-phaseﬁgéqﬁgﬁggggo?tg%éggﬂ Réﬁﬂgﬂé'déggrgaé%g%ﬁt¥%§?%f %&?% are
(S3). 15NeduprydeEs rigal conponent vol tages (positive-phase-

sequence vol t'age, negati ve- phase-sequence vol tage, and

zer ophase- sequend@a\Vold age) are obtained fromthe d-axis conponent

ei d andlt he g-axis conponent elq, which are acquired by the dg-axis
conversion (54). fin = a - 2p/3

fic = a + 2p/3 w (16)
The phase angle of the positive-phase-sequence voltage is in

15 phase with the a-phase of the wye-phase voltages which are 120¢
out of phase with each other.

With the relationship above, the 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

20 three-phase PWM converter (S3).

In the wye-phase voltages which are 1202 out of phase with
each other, the phase angle of the negative-phase-seguence
voltage and that of the zero-phase-sequence voltage, with
respect to the positive-phase-sequence wvoltage, are in the

25 opposite direction at the same angle.

Therefore, instead of the wye-phase voltages (e€ia, €ip.
eic) which are 1202 out of phase with each other, the centroid
vectors of the line voltages (eza, €. €2c) are used to extract
the positive-phase-sequence voltage ep and the

30 negative-phase-sequence voltage e; from these centroid vectors
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20 (Calculation of the symretrical conmponent voltages)

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

cal cul ation of the symetrical conponent voltages will be expl ai ned.

As to the wye-phase voltages (ela,elb. el,) which are 120Q 25 out of
phase with each other, when the positive-phase-sequence voltage is
assuned as @) et heeNegathacephaskisrOoaeceny Ud egfpbiedssasmicantrol
el n, and the zero-phase-sequence voltage is assuned as el0, the

wye- phase vaAntgetesof ethe éhlreeebhhsar Wk praassartdyy, drie fol LswEngther

eia =alp +ein + eio elb =eip e-"P" + ein ei2P13 + es. 5 =eip
e"P' + ei nposble fpronEinmatesiordde vnbylantediveddagestby eRyaeting
Ei nntos(cot + fio) 10e.1, = Eipntos ( cot + a - 2p/3) + Einntos ( cat
+ fl, + 2p/1§)e @@ow§et§ﬂquqqqg voltage (S4).

5 Next, the centroid vectors (ez., ez, €2c) obtained in the

step S2 are subjected to the dg-axis conversion process, and
the d-axis component e14 and the g-axis component e;5are obtained.
This conversion is conducted so as to control the three-phase
PWM converter by the DC component (S83).

10 In order to perform the dg-axis conversion, a spatial
vector is converted into a real wvector. When the phase
difference between the wye-phase voltages (e1., €1n, €1c) and the
three-phase balanced voltage (e., es, e+) are assumed as a, the
wye-phase voltages (e1a, e, €10) are equivalent to a real part

15 of the wye-phase voltages represented by the spatial vector,

and they are expressed by the following equation (17):
€1a = E14,COS (0wt + a)
ey = ElmeOS(COt + a - 2p/3)
20

w (17)

When these wye-phase voltages are subjected to the dg-axis
conversion, the d-axis, the g-axis and the zero-phase-sequence
25 component can be obtained. However, in the delta connection,
it is not possible to directly detect the wye phase voltages
(e1a, €1p. €1c) Which are 1202 out of phase with each other, and
they are not given. Therefore, the zero-phase-seguence voltage

€1, 15 unclear.

30 In the present invention, instead of the wye-phase
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el, = Epnmos (W +a+ 2p/3) + Elncos ( mt + fl, - 2p/3) + Elntos (

cot fix.) 15- (20) By subjecting those elenents to the dg-axis
conversion, the follow ng equation (21) is obtained. ee ldp]lqgn Le
| dn | gp rsosa[cos (2 co t+ g51) Eint EInn -sin (2 t+

10

15

20

voltages (e1a, €1n, €1c) which cannot be detected directly, the
centroid vectors (e;,, €, €2c) are employed, which are obtained
by subjecting detectable line voltages to the centroid vector
operation. Accordingly, with the 1line voltages at one
measurement point of time, it is possible to compensate for the
three-phase unbalanced voltages.
When the wye-phase voltages (e1a, €11, €1c) of the equation

(8) are subjected to the dgq-axis conversion, following equation
(18) is established:

ey cosot cos(wt-2n/3) cos(wt+2n/3)||e,,

INE 2l-sinot -sin(ot-27/3) -sin(wtt2z/d||ey| -+ (18)

€, 1 1 1 €1
When the centroid vectors (e:a, €3, €2c) 0f the equation (15)
are subjected to the dg-axis conversion, following equation (19)

is established:

€ o coswt cos(wt2n/3) cos(wt+2n/3)||e,,
PAE 2 |-sinwt -sin{wt-27x/3) -sin(wt+2x/3) € gy
€ g, 3 1 1 1 € o
€14
= elq e (1 9)
0

The d-axis components €14, €34, and the g-axis components
€1q. €2 after the dg-axis conversion, expressed by the equations
(18) and (19), are not influenced by the zero-phase-sequence
voltage e, expressed by the equation (14), and the wvalues of
the d-axis components are equal to each other, and the values
of the g-axis components are equal to each other.

When the equation (19) is employed, which is obtained by
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The positive-phase-sequence voltage (eliip , elin,) in the 20
equation (21) corresponds to the DC conponent, and the

negati ve- phase- sequence voltage ( eld,” eig") in the equation (21)
corresponds to the AC conponent. Therefore, it is possible to extract
t he positive-phase-sequence voltage (eldp, elm) and the

negat i ve- phage; SeaUey Cend 0b§R8e16%! f15) L8 the 86€8%95NBoh%etB80R the
frequency separation. Thi s frequency separation can be

performed hygquistivh & 1ANdxpaesshihlt the Oinsrdoumasss fiildee o1 B gwRY (&5,
exanpl e, the positive-phase-sequence voltage (enp, ) can be extracted
by the | owepasseda)l bbtaiard &E4onesacadihmemsema)paret acipuirsegposlsible to
addition, the negative-phase-sequence voltage (ehh" sign) can be
extracted Iesping dot thg PFe qeodindly atphbgle spepibn by sotithytrd (Wiedpine
el qp) being extracted, fromthe original signals having been

subj ect &d t'PY1ROeR-xioRe: BRFSVISEHRN taRA1PEIREBRPY L US1Rg Hhe values at

-Elnmsin(2ot _+ fill)) are acquired ($S41, 2). 5 When the clock tine
of the measWHHP ir?ﬁasrlér%f%q%mjdétst?%t%%' phase angle a of the

posi ti ve- phase- sgquence v lett %%ecead]q:héagec; t%i% % ¢l %Olcllit&‘bloé_ls;g§§‘ff)ﬁgled

negat i ve- phase- séquénce voltage can ai ned, respectiv

equation (34) u@?.ﬂgt PRe # (33):, {fa z%fc@éb‘t%ﬁ -%]cglélﬂz)e’ v(ﬁ%)agta' &,

= -2wts - tan-1( eigrielan)(23 ~ The negdative- se-sequenc
vol tage el mdes expiesapgely the egnat iudrd™n andohhe edqurireddre26) the

according to the - 2p/3)_(24) 1

10 zero-phase-sequence voltage e;, is calculated by using the
positive-phase-sequence voltage and the
negative-phase-segquence voltage. Calculation of the
zero-phase-sequence voltage e;; will be described in the
following (S3).

15 Next, symmetrical component voltages (positive-phase-
sequence voltage, negative-phase-sequence voltage, and zero-
phase-sequence voltage) are obtained from the d-axis component
e1g and the g-axis component e;q, which are acquired by the dg-axis
conversion (S4).

20 (Calculation of the symmetrical component voltages)

Hereinafter, with reference to the £lowchart shown in FIG.
4, the calculation of the symmetrical component voltages will
be explained.

As to the wye-phase voltages (ej1a, €1b, €1c) Which are 1202

25 out of phase with each other, when the positive-phase-sequence
voltage is assumed as e;;, the negative-phase-sequence voltage

is assumed as e3,, and the zero-phase-sequence voltage is assumed

as ej,, the wye-phase voltages (e;,, e, €1c) are expressed by
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eln=-3ti_r-ds 2ibintEis)}2+ {12 (EEbmE lcm }2CS (W+ + g5 )(2
5 o' =tan-1 (2 6) 2-2(Els Els) 1 Elam (EL1S+EICIO 20In
addition, the zero-phase-sequence voltage el. is expressed by the
equation (27): 1)2 (13) {Elam (ElbmtElcmE IT(ElbmEl cm 2t cs(cut+a
(2 7) In the equation above, according to the relationship that

the following:

€1a = €1p + €10 + €10

€1p = elp-e'j29/3 + eln-ejzp” + €10
5
€1c = elp'ejzp/3 + en-e % 4 ey
€1a = Ejpncos(wt + a) + Eymmcos(wt+ £15) + Eiemcos(wt + f,)

10 e = Ejppecos(ot + a - 2p/3) + Eygpcos{ot + £15, + 2p/3) + Eimmcos (ot
+ flc)

€1c = Eypncos{wt + a + 2p/3) + Eimmcos(wt + £1, - 2p/3) + Eiemcos{wt
+ flo)
15 w (20)

By subjecting those elements to the dg-axis conversion, the

following equation (21) is obtained.
€14 €1ap N € 1dn
e lg e lgp € lgn
[cos Quwttd ) }

cosa N
Ipm | gin @ I | -sinQwt+¢ )
The positive-phase-sequence voltage (ejgp. €1qp) in the

- (21)

20 equation (21) corresponds tco the DC component, and the
negative-phase-sequence voltage (ejan, €14n) in the equation (21)
corresponds to the AC component. Therefore, it is possible to
extract the positive-phase-sequence voltage (e;q, €i1q) and the
negative-phase-sequence voltage (eian, €i1qn). according to the

25 frequency separation.

This frequency separation can be performed by using a band
pass filter or a low pass filter. By way of example, the
positive-phase-sequence voltage (ejg., e14p) Can be extracted by
the low pass filter, and (Ejpncosa, Ejppsina) are acquired. In

30 addition, the negative-phase-sequence voltage (€ian. €1qn) Can
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ElnElnm fib=a+f'" =a- f', the following relationship is found:
f10= 2a - fin- (28) 5 Therefore, the phase flo of the

zer o- phase-sequence voltage el, is expressed by the follow ng
equation (29): f10 = 2mt, + 2tan-1(eicipienp) + tan-1(eign/eid,)
(29) ($43) The anplitude El mof the zero-phase-sequence

vol tage el "bd S SxHFRMERA tz?y t RerftHld AWinY, tAeCOopdisheite -bhasBedahiedre
10 phase-sequence voltage (eid,, elip): Eton, --- (eian2elqgn2 )1"

(30) (S44) voltages (hegsferg) Hoeng axrrHASeT,S EGoRNtRe W igigm BlsGgngls
expressed by the follow ng: 15el0 = (eid,2 + eig,2)112. cos(Cot +

f10)... (3 bkt been subjeAriont Horgleydqt arisywenyeasd onol aad &1 weba,( 20t
en), eta) which are 120g out of phase with each other are expressed
by the fol ‘o eglianPdRé2082y fml)()3Mre acquired (541, S42).

5 When the clock time of the measuring point is assumed as
"ts", the phase angle a of the positive-phase-sequence voltage
and the phase angle £, of the negative-phase-sequence voltage
can be obtained, respectively by the equation (22) and the
equation (23):

10 a = tan'(eiqp/e1ap) . (22)

fin = -20ts - tan™'(eign/eian) - (23)

The negative-phase-sequence voltage e, is expressed by
the equation (25) and the equation (26), according to the
eguation (24):

15 3ein = Ejapcos(ot + a) + Ejpncos{wt + a + 2p/3) + Bimcos(ot + a

- 2p/3) w{24)

1 2 [ 2 )
€ g/\/{Ela}n——z—(Elbm+Elcm)}+{Tg(Elbm_E[cm)} Cos(wt+a+¢ ) (2 5)

/3
, 4 T2 (B |y E o)
¢’ = tan I (2 6)
Elam_ _é" (Elbm+Elcm)
20 In addition, the =zero-phase-sequence voltage e;, is
expressed by the equation (27):
_ 1 L BRE 2 ,
€10 ?J{Elam_E(Elbm+Elcm)}+{T(Elbm_Elcm)} COS(CDH‘CB"(i) ) (27)

In the equation above, according to the relationship that:

Eiom = Eimm
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20eta= (Cab - eca) /3 + (eid,2 + eig,2)1/2. cos (cot + f10) elb =
(eb, - eab)/3 + (eidn2 eign2)1/2. COS(W + f10) 25 eta= (eca - eb,)/3
+ (eidn2 eitan2 )1/2. COS(o't + f10) ... (34) Next, the

zer 0- phase- sequence voltage is used to conpensates for the unbal anced
vol tages and sinul taneously the 30 PFC control is performed (S5).
Then, the wye-phgse v tiages (eta, eib, ei,) are obtained, which are
120g out of phase with each other and on which the unbal anced

vol t age conpensats,gnr- and- tare, power factor control have been perfornmed
(S6), and a control signal is generated for controlling the

t hr ee- phasecHANM alohwer i rrdbestetbmsh i el obfaimidd wye- phase vol t ages
(eia, 5ela) (S7) - [Configuration exanple of the controller of

t hr ee- phase convdiber 482 - fia Next, wi-th{2&Ference to FIG 7, a

nore detail ed configuration exanple will be explained regardi ng t he
10 unbaPand®PiRf 1%ye tOEnPBASSt Bro AR &oF HCECEGIVERTE ¥ LRIE S0

Do O L SRR SR e SRR Bl Lo "Ead 1o PSS
f1o = 20ts + 2tan"'{eigp/e1ap) + tan '(eign/€1an) - (29) (543)
The amplitude E,on 0of the zero-phase-sequence volitage e,
is expressed by the following, according to the negative-
10 phase-sequence voltage (€ian, ©i1gn):
Eion = (€1an” + €1qa°)"% . (30)
(S44)
Therefore, the =zero-phase-sequence voltage e;, 1is
expressed by the following:

V2. sos{0t + £10) - (31) (S45)

15 €10 = (eldn2 + elqnz)
Accordingly, the wye-phase voltages (ei;a, €1, €1c) which
are 1202 out of phase with each other are expressed by the

following equations (32) to (34):

20 €1a = (eab - eca)/B + (eldn2 + elqnz)llz'COS(ﬁ)t + flo)
. (32)
e = (e = €ap)/3 + (e’ + eigm’)*/?rcos(ot + £1,)
. (33)
25
e1c = (€ca — €pc)/3 + (€1an” + e1qa’)*/?:cos(ot + £i4)
- {34)

Next, the zero-phase-sequence voltage is used to
compensates for the unbalanced voltages and simultaneously the
30 PFC contrel is performed (S5). Then, the wye-phase voltages

(eia, €1p., €1c) are obtained, which are 1202 out of phase with
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In the configuration exanple of the unbal anced vol tage conpensator as
shown in FIG 7, simlar to the schematic 15 configuration as shown
in FIG 2, the three-phase AC power source 100 supplies the

t hr ee- phase AC power to the three-phase converter 200 which subjects
t hr ee- phase AC vol tages of the three-phase AC power to the PWV

conver si on d410blhlet &kd\6H WALEh B8l vAWaREnEldeo Deay8ldAdRddhdith Bed

| oad 300. 20The controller of the three-phase converter according to

t he presenttHepefwkirofadtoPlconitded natd bdem perfowned, (%) ,aand a control
configuration of the unbal anced vol tage conpensator 1 for

conpensat i rgidgnEl udlsal gepedavefit diyes; cohdéroditingi dthectidnresgpataseon PWM
unit 10 for obtaining we-phase voltages ( e2a, en, 25 en) from each
of the Iin@WQ%i’{fé“sgt(%%ﬁEﬁ @b heabtainghowg-RANaguiditagate (€ra, em.
t hr ee- phase bal anced voltages ea, eb, and eb, the symmetrical

coor di ndt e %o gﬁ%ﬁt calculation unit 20 for calculating three-phase

bal anced sy m.symet.rical co nent | t ages, (el el el an
o) 1 omiCPR A’ GRARBLS (€5 Fhe pESRsESL ifE o P EhEpEaPhage
in the Cemﬂéﬂé&ﬁ%ﬁﬁfr operation 10, and the constant current control
unit 40 for Tormng a conpensation signal for the unbal anced

vol tages. 5The cepigol | ¢/it®f FBeekBhERB- PRESEFEQNVEf! ery ageedi REth1ed
the present invention is provided with the followi ng, as a

confi gur at iswhfifgde: Poweret&fdDe andlI eapéi vexpluehe@onteghkaing f @he
controlling the power factor and the reactive power; the average

act i ve 1powemtspienate duolihate xhmpdres giomeanfl adieopowad £5e toeanid veactive
power control unit 90, and the constant current control unit 40.

Here, the @ovamgentgeddsr.cowevbied djint the dendreldeyf puit tbimee-phase
comonly used for form ng the conpensation signal for the unbal anced
vol t ages afPRVORT ACKITHNT flr TR BRRESDE AR ERP ¢ he reacti ve

POVeT . In the configuration example of the unbalanced voltage

compensator as shown in FIG. 7, similar to the schematic

15 configuration as shown in FIG. 2, the three-phase AC power source
100 supplies the three-phase AC power to the three-phase
converter 200 which subjects three-phase AC voltages of the
three-phase AC power to the PWM conversion to obtain DC voltage,
and outputs the DC voltage to the DC load 300.

20 The controller of the three-phase converter according to
the present invention is provided with the following, as a
configuration of the unbalanced voltage compensator 1 for
compensating for unbalanced voltages; the centroid wvector
operation unit 10 for obtaining wye-phase voltages (esa, €.

250 ez.) from each of the line voltages (€ap. €bc, €ca) OFf the
distribution line three-phase balanced voltages e,, e,, and eq,
the symmetrical coordinate component calculation unit 20 for

calculating three-phase balanced system symmetrical component
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15The out put adder 30 adds the zero-phase-sequence voltage and the
negati ve- phase voltage to the conpensation signal and the contro
signal formed in the constant current control unit 40, and then, so
that a PWM control signal for subjecting the three-phase AC voltages
to the PWM conversion at the three-phase 20 converter 200 is

enerated. yoltages |(,8ddk{J.0Ne, 0N sl t e/ iy gHa¥ vbieagBBUle,.,
gide of the thré%-péaé%’PM%Fcoﬁvgrfgggzoo i's providég wth con?act( :
poi nts 61 fek, defocwhigh heed ohdadakidagas theepeatsobd ectorasperagian
current value, and AC reactors 60. Furthernore, 25 the output side of

t he t hr ee- pHaseamrWWtbenvenstan20@urseptoviaddd-odi tunist codht fier porming7a
for detecting DC voltage, a sensor 65 for neasuring DC current, and a
capaci t or GPMRNHALIA shrhnkes the unbalaycedevehprgesi de of the

t hr ee- phase PWM converter, _the contacthgoints 61 are connected to a

line voPt age det S FOBZ oGt Pk Thend SPFBBQS&e‘F%Y%Ft%‘E Jrepqfidg to
he |i [.t f he th -ph | t, . 63,
o e od TRt hEntahe R3S NIOLARE wiltlt SHSEE 1SRRG, as a
_ _ | _ 34
e ot it G Rl DR SRR diftffSact iy poudk BflikbIter

on the output si converter a vo

detector 68 irgceBREEbEdihg thE FANRAHaRIMNEnB thacbdHEiVOIHARS : the
detector 68 neasures the output 'voltage. 10 In addition, the sensor

65 i s connesteathded a-itifd Giwaleigdrert il Wit e ale poivedeFacior G6a
measures the output current. The three-phase AC power source
out put 40t herddwidiergppaveri et regbweit 3the andl tlregeokstanal cwags=ntb coandol
voltage V. The voltages Va, Vb, and V, are respectively the phase

vol t ages ofuris t4. a-Pewee, thephasetanind ctipieade corfrcornmict $0i hag a
61 have the points to establish contact respectively with the a-phase
line, b-ph&Rfigtratip CopRedyIysRa LR Yahing $herurrensistign sdgnal

tivel t he_a- ph i d he c-ph i d.th
Genbors doridt TRE TRBALSBURRCHEL FARCE (R A GRPSBOLNELERT L HhA0E REver
power sou_r%eact'tl)'ot]:e £HG r‘ﬁ_?ectloégcglqrear Ov;ee,_specti vely provided on the '
Ine, and c-

a- phase |ine, b-phase aseé line, so as to bl ock
hi gh-frgquency CuifeeBhtput added Hﬁﬁé'ﬁ?&%f@-@?&%-&%@&% 9bitage
is provided with the quaxis converters 81, 82, , an or 9
converting dd@inehhegaivexphake {¥RtayeSto H¥hd (QIRPTMEAXGh 2 ghl1€8nd
axes. The dg-axis converter 81 converts the wye-phase vol tages (ez2,,
e2b, e20) dieaicoedron shgnegnféomed iectae opesBandcwiitdnt @odntirelf hait
d-axis voltage eld and the g-axis voltage el g, the dg-axis converter
40, and then, so that a PWM control signal for subjecting the
three-phase AC voltages to the PWM conversion at the three-phase
20 converter 200 is generated.

In addition, on the distribution line, the input side of
the three-phase PWM converter 200 is provided with contact
points 61 for detecting the line voltages, sensors 63 for
measuring a current value, and AC reactors 60. Furthermore,

25  the output side of the three-phase PWM converter 200 is provided
with a contact point 67 for detecting DC voltage, a sensor 65

for measuring DC current, and a capacitor 69 for output

smoothness.
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82 converts the biaxial negative-phase-sequence voltages (eldn, sign)
into the triaxial negative-phase-sequence voltages (elan, elbn elcn)
the dg-axis converter 83 converts ia, ib, and | a obtained fromthe
current detector 64 into the d-axis current 5 id and the g-axis
current ig, and the dg-axis converter 84 converts the biaxi al

posi tive-phase- seguenee i¥putadede (¥ the/dHrde AfHle HIR cORTedRer, the
current control is perforned, into the triaxial

posi ti ve- phasfraapeitd svelit agescditledte® toeh) Lind vsitiddeddet@ctor 62,
synchronous signal generator 70 is 10 connected to the centroid

vect or operatd dheuhihel0ol bade bhissittonr BlZemepoupbasthe dirageolitsyes of
en, en) obtained in the centroid vector operation unit 10, a

synchr onousthst giidiee-vhase genkyages) t Fhey sensomsz €3t hzedgoarested to a
converters 81, 82, and 83. The three-phase converter 200 is provided

with a 25 (R PhisE WA ioleurndobba, CaRerRl 9 eeadé PRRSHReSethe
generator 200b far rating a pul se signal to control the operation
of the thr é:él-rdir?d’sote C%\e/\%%ﬁ r"c‘tfffe‘z‘ﬁ@f%o" 3G Perform the PWM control .
The three-phase R . eneratar or, t S Lan S

on the phase vo|€%g%§ﬁ%ﬁﬁé?“|?Ei%@¥3%%%Baenéggfeg%byﬂkhghgﬁgegh§gg EHM

The three- phase RAE shbcWw tvo?LQ%%e”@é!@é’ci&f VE%dichcﬁw.r@’d't(thiﬂrﬁJantact

bei ng made up of a switching el ément for instance, and the pul se

si gnal contgolrt O, @rfd eRerAliteiyedile t L 6168 AGud £ BB cut het 9BY tage .
perform ng the PWM control. 25For exanple, the three-phase PW

circui 10200 efddild dohr ekepbascotoabet  aroc ey the aretderemtofieector

sem conductor switching el enent such as an | GBT (Insulated Gate

Bi pol ar Tr &fsi stngt )thendurmdinddele taedoxadle geesugkest fbesemtpotdgorvent.

switching elenent is controlled ON and OFF, thereby converting the

t hr ee- phase AC pdher thERRgPRRSE AEIPPHED TR o dbguthrag-pPhase

DC power. The capacitor 69, the sensor 65, and the copntact, point 5 67
are provi dedRH B aﬁ}e S e VRLEETBnYse LoRVEER90G: - Thae

capaci tor SR NIALDGE the Dnd'. age CLPUILALIY I NG LN SRARNRRE o

converter € sénsof’ IS~a curre Sensor® for e

out put 16ur ReRL LR 5leS ggbgkl&&?daﬁ&%n I’%é.hr%ﬁépPﬁégaggr%grpﬁ% G%gﬁave

and a current etector etects a 10 current va

out put cur e polR® sCeBt 85taBRi8h &dntsce m;;acéﬂr@%wﬂlﬁn@ataﬁase‘
with the DC output line of the three-phase converter 200, and the

vol t age detidaienr BSplilwseciisne,valddge-plidse YifeOf tThe Xermudftes are
vol tage. installed respectively on the a-phase line and on the c-phase
line, and those sensors detect AC input current inputted f£rom
20 the three-phase AC power source. The AC reactors 60 are
respectively provided on the a-phase line, b-phase line, and

c-phase line, so as to block high-frequency current.
The unbalanced voltage compensator 1 is provided with the
dg-axis converters 81, 82, 83, and 84 for converting from three
25 axes to two axes, or from two axes to three axes. The dg-axis
converter 81 converts the wye-phase voltages (eza, €, €3c)

obtained in the centroid vector operation unit 10 into the d-axis

voltage ei;q and the g-axis voltage ey, the dg-axis converter
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Herei nafter, each unit of the unbal anced voltage 15 conpensator |

wi || be expl ai ned. The line voltage detector 62 detects line
vol tages (eab, ece, eca) of the three-phase AC i nput voltages at the
contact points 61. The centroid vector operation unit 10 cal cul ates
and obtains the centroid vector voltages (e2a, e2b, e20) fromthe 20
signal s of ghechiBet¥othae8H{8ACHeEREivECANhadEL 8ELRENELA xFJPcAéeEhg é S1an,

vol tage detector 62, and the obtained centroid vector voltages

e2b, e20) ai§, U8t cASheUbBLakial Negd @A SpHA e { Seqidiase VAl HAERS (eqan.
(ela, elb, elc) which are 120Q out of phase with each other. 25The

dg- axi s coreseft es:cf Lontbesdgnakiemconveatelrass taodwerthase) B1 and i
converts the centroid vector voltages (e2a, e2b, e20) obtained in the
centroi d vedttmingserfadmithgncurrenti dedegbbrage Hiymdihe Gelaxisecyrrent
the d-axis and g-axis (two_phases). The synchronous signal generator
70 uses®t helac MY oFlP vEcBBLSY EMEEGES (le2a @nEl e Y- Fhtai AREVEELEHe 84

centroid vector operatiqn unjt. 10 to generate the synchronous signal.,
Yo" The dRIY ot S (RS R AR TR Y AP (Veo

conduct ed S?ﬂ r é%ﬁgr tﬁlee %%‘1% ia?xgc{:g%):eﬁ@ n:do%rstgj'.[OIOZI;3 gghég% g]‘ﬁmed 4in J oT@%e

current det'é® acqui res de ron srgna phase’ an
c- phase AC it pur i —i@h I =Tole VAN | SENSOr sg 63, andy
gener at es sﬂi gnals i%%‘h}%%‘y?a ofé&éej@%ﬁéee- p%seélﬁsc %bfl’[ TR ene?

The current deteatr0r a64i@enar,atgs diivchkdrdiLeshbaae AsehdBatoBUrTENt s
signals by using that the total sumof the AC input current of the

a- phasa) b-qimss;teahdtcthragenhecadesezend. ogéedeion eanitf 1d, iahd based
configured such that at |least two AC i nput currents out of the

a- phase, b-gthébe, w¥ardPlraphaod tagesdbencted, d:pputbirumeshtis tiie chetroid
three phases can be acquired. 15 The dg-axis converter (conversion
from t hr ee FHHRE peeradipRadnlt 89 canvneroneuy sigasdhase imCoenpyated
current si&r}?Is (i,a, ib, id) detected in the current detector 64 into
a d-axi s cthY LR Zand S PBFES SRIErtery et (§4, 3 §3

o

h . Th trical di nat onen al culation unjt 20 20

P o ovi ded i ¢h e PR e B Rl  CERTRE R oVl et AT AHY p1A Ty a
tiye- - I I , at 2

ond s 35, CHRESTMEN TR LI0RAT A0 50" tred BiHLS Aupgise

signal s (elgbneidor®f20d1e £bRAXgén&PL: fndXh Sphiye Qbaﬁsi)ttsoexﬁ&t:sﬁ BYe

the dg-axis converter 81 (conversion 25 fromthree-phase to
t wo- phase) ,opRixhtGiddic vifathe theeOophi sy aANESATIRGHEN00aVEbta0a% pekdBrm

ei gp), the negative-phasesequence voltages (elt, eign ), and the
zer 0- phase-tdeqb¥M cwnduomyione fhevidit esgrepadd) PWMhi de geaesutoet 20 @aForms
cormponent the pulse signal based on the phase voltages (Vi, Ve, Vi)
20 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 signal controls ON/OFF
operation of the switching element, thereby performing the PWM
control.
25 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 (Insulated Gate Bipolar

Transistor) and a diode, and each gate of the semiconductor
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vol t ages. In the af orementioned equation (21) , in the d-axis
voltage eid and in the g-axis voltage ei g obtained by subjecting the
centroid vector voltages (e2a, e2b, e2c) to the dg-axis conversion, 5
the DC conponents (Eli), cosa, Eipnsina) are equivalent to the
posi ti ve- phase- sequence voltages (eidp, eigp) , the AC conmponents
(ElnnTos( 2(fiteHidy elenfenimBsnédetor1dd o hnar@Fleqlﬂh\é@:léiﬂft cbavkheing
negati ve- phase-sequence voltages (eidn, eign) . Therefore, it is

possi bl e t et rigoted heh40s| ACVPoRBES BedagUdmpar titeld ageso (BC dpowdd and
ei gp) and the negati ve- phase-sequence voltages (eidn, eign) according
to the frequatmytisigpariie @C power. The positive-phase-sequence

vol tage cal culator 21 is capable of extracting the

posi t i ve- phase- s @dfere@acd oy éP .( dihgp seaisgy) 6l‘éy asdnghe sangagispoint
filter ogr a low pass filter. 15 In additjon,

negat i ve- prﬁ?s @r§ea’a‘éﬁ?:€egcﬂli ihe eurent atige ?f E‘&%ttthd%ﬂes“ﬂt}ﬁﬁ fRBVerter
I I t th r.f d
or 1l Stgal Syt et U B S COINELLED 4 SO R e 2o
t t b
o5 V- DASESEAEIES LA 4 o4 O fog b Yy S B

2cot + Fln)edr detectindP tHBSHE! NBth @ Vfrdnte tREE0L #NASENPERIERITSN the
voltage el, can be expressed by the equation (31) , and 'the phase fl,

of the zer e:m_*wq:memﬁremdéxa@@oeandl 8 eubréessalbtdctde mm@ttle@ts a
(29) . The amplitude EI" of the zero-phase-sequence voltage el, 25 is
expresded byurrnentequdiieoTqf 3F) the DC outphéencutihent | . Thealcomtaicdr p23nt
uses the positivephase-sequence voltages (eldp, eigp) and the

negat i ve- pteks dseguendatyspt agbablistncortant whth dihau D eutipaitpRise of
f10, and inputs the cal cul ated phase fl, into the

zer o- phas e g uENeRe VRN 59 cCERVEHEGF 0RO, anerth HEoltage detector 68
zer o- phase- qgence vol t age cal cul at or t he

cal cul at ed He® A7 TR A B3 a8 tﬁggeﬁﬁa?Pygughggi%ggﬁuence
vol tages (eth", éﬁ%&n\ﬁ?%c“”%¥ﬁﬂlb¥uuﬂﬁ Rggakiye- pi %EﬁaﬁﬁgﬁenQS tage

voltage calculato éby € zero-phase- sequence vo

is obtg Q:ompen§abto-¥‘el Resiti y@e@wﬁwuence vol t ages (et hp,

ei c/p) calculate y the positiv ase-sequence vol tage cal cul at or

21 are subjectedmine 1hacCPastaRE GEHEEPSTr N dedtd haﬁeceaitagéslpeab,
current control unit 40, a command value for controlling the

unbal anced e4g] t@g9 e@nies&hires -phdspower ihpatokofltageski we pheetpnitact
formed, and the two-to-three axis conversion in the dp converter 84
converts thp@ivdigs &des Theocehérpdsdi veeeplraspesadioncenitl flagealCuilbpes
WVt hp, Vthp) resgecpive%g 15 associated with the

posi ti ve- plfaskosEqiancene siadgesid Fegsorevoptagey (eand e2hersal tigiom the

t hose volta%?s are inputted in the adder 30. .
gnals of the line voltages (eanh, €be, €ca) detected in the line

voltage detector 62, and the obtained centroid vector voltages
{(e2a, €2, €3c) are used as substituting signals for the phase
voltages (ei1a, €1, €1c} which are 1202 out of phase with each
other.

25 The dg-axis converter (conversion from three-phase to
two-phase) 81 converts the centroid vector voltages (e;a, €,
e;;) obtained in the centroid vector operation unit 10, into

voltage signals (e1q, €14) of the d-axis and g-axis (two phases).
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The negati ve- phase-sequence voltages( eth",eici") calculated in the
negat i ve- phase- sequence vol tage cal cul ator 20 22 are converted from
two-axis to three-axis in the dg-axis converter 82, and after

converted into the negative-phasesequence voltages (elan, elm el),
then inputted into the adder 30. The zero-phase-sequence vol tage el,

cal cul at ed THe tfhgh ABFEhdIASErFROU R NI I® RlegUtalObed4 roid vector
inputted to the 25 adder 30. The adder 30 adds the inputted

posi ti ve- phaskcaspipiéres, &al,tagéotaaped/ihpthd/bepkrotifierector operation
negat i ve- phase- sequence voltages (elan, elbn elcn) and the

zer o- phase-weidueit ecoy gJengrate heamynatlmans gutgnalhe sghas&heolgagad s
(ed, ee, ef). These phase _ voltages (ed, ee, ef% are signals after the
unbal ance HPEREIDPEAMS RE-88A8t GARVEHERENS1 AR RS cRAJEEEegnbased
perfornmed. The .t hree-phase control puls enerator 200b 5 of the

t hr ee- pRas®PlT Tgn Zw)g%r%%%‘g)ﬁ?e‘fp%?%‘éesi gnal to control
the three-phase P | I 0, th e val tage ,

Herei nafter, an éI'xp g}]l%%lgggﬁ %?ﬁ%%o?%d‘gg%%lf%g't%zﬁeg\én |ng%3r'§ﬁ(‘1§% Q%Ehe

the const a@—rﬂgﬁéﬁ'&t aanbhoke pLd‘ 19688" chPrdRe PRI UH M ERCaSPESE 88 by the

current cont e three-phase PViM converfer, it is necessaryto

know a rel afdrytd Babedn@eRnkha teBPsi gRVEr(1aNndt he. ) BpWhe/@htB88ephase
As shown in the follow ng, space vector represents the a-phase

current | amrccangung ¢wrpast i i Thephaseresgueiedidy ol Hemspdtidsidene
'pm and negati ve- phase-sequence current anplitude Iran, and the

equati df bdilowea-plestaaAl singiit lcurrdrignsliignaiB) by usdiwgVERBE the to®al
t he other hand, the a-phase-sequence voltage eth

expr essedbyEuieeguire Mf 20put BHrante@fnthr FepPhasevcbtpRage, gl capblase

when the input power Pth is obtained, the foll ow ng eqsuation IS
est abl i shedecomes 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 acquired.

15 The dg-axis converter (conversion f£rom 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 (i4, i4) (two phases).

The symmetrical coordinate component calculation unit 20

20 is provided with a positive-phase-sequence voltage calculator
21, a negative-phase-sequence voltage calculator 22, a £,
calculator 23, and a zero-phase-sequence voltage calculator 24,
inputs the voltage signals (eiq, e1q) of the d-axis and g-axis
(two phases) converted by the dg-axis converter 81 (conversion

25 from three-phase to two-phase), and calculates the positive-
phase-sequence voltages (eiq,, ei1qp), the negative-phase-
sequence voltages (eian, €i1qn), and the zero-phase-sequence

component voltage (e o), which are symmetrical component
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Pin =P+ jC =Vial a* = -3{Eei("+ct)+ Elam 2IPmj(a) t+ in) 1{ pme

i ]

Time j(w+")} -3{EIPmIPni e j(a-"+ Elnmrimle -j(1"-1n)

2 + Elpin ei(2"1-a+1")+ Einm pme-i(2cot+d) +f3)} (36) After the
zero-current control is perforned, the negative- phase-sequence

current

| " beconmes zero (nm= 0) . Under the condition that

“I'n, = 0", yHA'taggs."Q in the input power Pi, expressed by the
equation (36) are further expressed as the followng: P = -3 (v
dpl edp + v9 1.8 Hrctisd dforemdntddmet dg@atiborq2l )29%h ehe d-axis voltage

10

15

20

25

e and in the g-axis voltage e g obtained by subjecting the
centroid vector voltages (eza, ez, €25) to the dg-axis conversion,
the DC components (Eip,n cosa, Ejpnsina) are equivalent to the
positive-phase-sequence voltages (eiqp. €1gp) . the AC components
(BEimmcos(20t + £1,)}, -Eimmsin(2et + £,,)) are equivalent to the
negative-phase-sequence voltages (€ian. €14n) . Therefore, it is
possible to extract the positive-phase-sequence voltages (ejqp.
ei1qp} and the negative-phase-sequence voltages (eiam. €ign)
according tco the frequency separation.

The positive-phase-sequence voltage calculator 21 is
capable of extracting the positive-phase-sequence voltages
(e1ap, €1gp) by using a band pass filter or a low pass filter.
In addition, the negative-phase-sequence voltage calculator 22
subtracts from the original signals after the dg-axis conversion
is performed, the positive-phase-sequence voltages (eigp. €1gp)
extracted in the positive-phase-sequence voltage calculator 21,
thereby extracting the negative-phase-sequence voltages
(Eippcos (20t + f£1,), -Eipmsin(2e0t + f13)).

As described above, the zero-phase-sequence voltage e,
can be expressed by the equation (31), and the phase f;, of the
zero-phase-sequence voltage e,, is expressed by the equation
(29). The amplitude E;, of the zero-phase-sequence voltage e,
is expressed by the equation (30).

Then, the £;, calculator 23 uses the positive-
phase-sequence voltages (eigp, eiqp) and the negative-phase-

sequence voltages (eian, €iqn) to calculate the phase f£i,, and
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+sln2cot (v i - v i) gndpdn- gp}' (3 7) Q=1F v egpiedp -
v edpi0 + COS2 cot ( v egniedp - v edni.cid - sin2 cot ( v dnledp +
V eqniegp)} Here, the following is to be noted: V 84 = E ipntos a ,V
9P = E l1lpnsin a V 9 dn = Einincos 49 in,v e= -Elnmsin 0 gn In jO =
1 pnCOS 13 ,i egp = I pnsin 8 As for Pin in the equation (36) , when

the aver ag%h\f}'{e ROV LR Oﬂhfﬂg £ helﬁ%éotﬁ%nEEQBﬂ?LEEQeseﬁueﬁce

negat I ve- sequence current ar e per e ter

equat i ons (@;])tﬁléj da@ulL it Be . el THeRAlEE el d-hf e 2GR Rk ¥81tage
power of P is assuned as "rave", and the average reactive power Q
i s assunmed @l dWieton he hobd Q\Newgh&guaﬁlgmm&mem Bedkhe £, calculator
23 and the negative-phase-sequence voltages (e€ian, €iqgn)
5 calculated by the negative-phase-sequence voltage calculator
22, whereby the zero-phase-segquence voltage e;, is obtained.
The positive-phase-sequence voltages (eiap. €1gp)
calculated by the positive-phase-sequence voltage calculator
21 are subjected to the constant current control in the constant
10 current control unit 40, a command value for controlling the
unbalanced wvoltage compensation and power factor (reactive
power) is formed, and the two-to-three axis conversion in the
dp converter 84 converts the voltages into the positive-
phase-sequence voltages (Viap., Vibp . Viep) respectively
15 associated with the positive-phase-sequence voltages (eiap, €inp.
eicp) . and thereafter those voltages are inputted in the adder
30.
The negative-phase-sequence voltages (eidan, €1qn)
calculated in the negative-phase-sequence voltage calculator
20 22 are converted from two-axis to three-axis in the dq-axis
converter 82, and after converted into the negative-phase-
sequence voltages (eian, ©1ipn, €1on) . then inputted into the adder
30. The zero-phase-sequence voltage e;, calculated in the
zero-phase-sequence voltage calculator 24 is inputted to the
25 adder 30.
The adder 30 adds the inputted positive-phase-sequence
voltages (Viap, Viep. Viep) - the negative-phase-sequence voltages

(e1an, ©1bn, €1cn) ., and the zero-phase-sequence voltage e;,, and

62



On the other hand, the average active power P,", of according to the
Pl control is given as the foll ow ng equati on, when a voltage command
val ue is assuned as Vdc*r cc.. (4 1) The average active power
operation unit 50 as shown in FIG 7 indicates a configuration
exanpl e which executes the PI control of the equation (41) as

described ghpue. oafputsr thie gHHIELNoteayBed (K3l ug ok, £ONteRbLENghase

the average active power Pave and the average reactive power CQdve~in
the equati apoltles i(d,,d @Rd |6gr Hubstdilgiaa of Olafites CheeNiinbal@hce

respectively in the equation (40), and the follow ng equation is
est abl i shectonjdenddtion @nd3' vRE2 caveldnivv curirent vgongpollpdmveacbeen
(42) performed. The three-phase PWM control pulse generator 200b
5 of the three-phase PWM converter 200 generates the pulse signal
to control the three-phase PWM circuit 200a based on the phase
voltages (ea, €., €s).
Hereinafter, an explanation will be made as to the
configuration for the constant current control. In order to
10 perform the constant current control of the three-phase PWM
converter, it is necessary to know a relationship between the
input power and the input voltage.
As shown in the following, space vector I, represents the
a-phase current i, according to positive-phase-sequence current

15 amplitude I,y and negative-phase-sequence current amplitude I,

and the equation below is established:
Ta = Ipmej(mt+ﬁ) + Inme—j(mtﬂ}) w (35)

On the other hand, the a-phase-sequence voltage e,
expressed by the equation (20) is converted into the space vector
20 Via, and when the input power P, is obtained, the following

equation is established:

_ 3 i(a~8) (b
"?{ElpmlpmeJ emfly ElnmInme 306 dn)

+ B [ egilRettatin)y El I
nm am

e-j(zwtwln’rﬁ)} see (36)

Ipm pm

After the zero-current control is performed, the negative-
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Cdp + gp 10 15 As for the current conmand control on %e
in the equation for the current terns respectively the follow ng
equation is [i del 2 value (40), in established:

phase~sequence current I,, becomes zero (I,, = 0).
Under the condition that "Iym=0", "P" and "Q" in the input

power Pi, expressed by the equation (36) are further expressed

as the following:

= 3 =] 19 =] - e 2 e =] -
P = ) v i + v i o + cos2wt(wv dni dp + v qnt qp)

+ sin2mt(v9qniedp - vednieqp)} e (3 7)

3 . . .

- e ] — Q =] e [=] — e =]

Q = > {v ol = Vopitp T cos2wt (v al®p = Vol qp)
— 3 e . e e 12

sin2wt (v dnt dp+ vl qp)} ..+ (38)

Here, the following is to be noted:

—

e = e = T
v %ap Elpmcosa, v Elpmsma:
-] = e = — 7 ..
Vo= Epgcosd v EpmsSinée, ¢ (39)
o - Lo .
1%, I pmc:osﬁ , 1% I pnSin B ]

As for Pi, in the eguation (36), when the average value
10 power control and the zero control of the negative-
phase-sequence current are performed, the term "20t"” in the
equations (37) and (38) canbe eliminated. If the average active
power of P is assumed as "P,.", and the average reactive power
of Q is assumed as "Q...", the following equation is obtained:
e e 1 ©
3vdp Vi ap (40)
—_— e _ a , e .
15 Qave 2 |v Vv dp 1 @
On the other hand, the average active power P, of Py,

according to the PI control is given as the following equation,

when a voltage command value is assumed as Vdc*r .
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v ee dpO vO- Ped4 (1P and (43) described for |Idp*r the avel 0]
performng the zero *r and |qgpsubstitute equation (40), and (43)

Foe [kpv-l-ksiv}(vdc*r_vdc)-l—vdcidc e (4 1)
The average active power operation unit 50 as shown in FIG, 7
indicates a configuration example which executes the PI control
of the equation (41) as described above.

5 As for the current command value for controlling the
average active power P.y. and the average reactive power Qs in
the equation (40}, idp*r and iqp*r substitute for the current terms

respectively in the equation (40), and the following eguation

is established:

¢ e

14 _ 2 Vi V| P (42)
: - 4 € c 2 e _ e
lqp*r 3(v dpz*‘vqp) LTI | RN
10
As for the current command value for performing the zero
control on Q... in the equation (40), idp*r and iq,;,"I substitute
for the current terms respectively in the equation (40), and
the following equation is established:
' [a] 4]
:I'cl])*r _ P Y dp Y an ave (43)
] 30Vt e v [V T V[ O
15

Those equations (42) and (43) described above express
current command values that are determined by the
positive-phase-sequence voltage of the three-phase AC and the
power of the three-phase converter. The output signals vdp*r and

20 vg'® according to the constant current control using the current

command values, are given as shown in the following:
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above express 3(v02veO gpdp+gp Those equations (42) current
command val ues that are determ ned by the positive-phase-sequence
vol tage of the three-phase AC and the power of the three-phase
converter. The output signals vdp*r and 20 Vgp*, according to the
constant current control using the current comand val ues, are given
as shown in the followng: k v

k.
Vap ' T _[kp+_ElJ(idfr“j-Q+a’Ljn+edp e (44)

k.

'qu*r:"[kp+'Tl}(iqp*r_iq)_w];id+eq}3 -nu (45)

The currenit detector 66 acquires a detection signal of

the DC cutput current that is detected by the senser 65, and

5 generates a DC output current signal is.. The voltage detector

68 detects a DC output wvoltage at the contact point 67, and

generates a DC output voltage signal vgc.

The average active power operation unit 50 is provided

with a multiplier 51, a subtractor 52, a DC voltage control unit

10 53, and an adder 54.

The subtractor 52 subtracts the DC output voltage signal

vac detected by the voltage detector 68, froma DC voltage command

value signal vdc*r which indicates a certain constant voltage

value set as the voltage command value, and outputs a deviation

16 signal being obtained. The multiplier 51 multiplies the DC

output current signal ig; detected by the current detector 66,

by the DC output voltage signal v, detected by the voltage

detector 68, and calculates an instantaneous power signal Pgc.

The DC voltage control unit 53 generates a DC voltage

20 control signal as a result of the PI (Proportional Integral)

control which controls the DC output voltage signal vg. to be

a constant wvoltage wvalue, based on the deviation signal

calculated by the subtractor 52, The adder 54 adds the

instantaneous power signal P4 calculated by the multiplier 51
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- [k+ - i dp*rd) + L iq+ e dp PS (44) Kk *r=[k +*r iLid + e
QPPSti p00 (45) The current detector 66 acquires a detection
signal of the DC output current that is detected by the sensor 65,
and 5 generates a DC output current signal id, The voltage detector
68 detects a DC output voltage at the contact point 67, and generates

a DC out puty y Qiag: SIdiN@ge/ontrol sigﬂn-g_lle RN PhY LRePB¥eLo1tage
operation unit 50 is provided with a miltipllier 51, a Subtractor 52,

a DC vol t agerardY alniigs 1Gehein et raddely The TRRrage! baetioe pdwer
subtracts the DC output voltage signal vd, detected by the voltage

det ect or 6&idnadmm,.,DC vol t age command val ue signal Vdc*r which
I ndi cates a certain constant voltage val ue set as the voltage command
val ue, and out putBhea pfwematiagitor and reactive power control unit 90 is

b provided with a power factor setting unit 90a for arbitrarily
setting the power factor, and an average reactive power
operation unit 90b for calculating the reactive power.

The power factor setting unit 90a inputs a set power factor
via an input means or a control means, not illustrated. The

10 average reactive power operation unit 90b calculates average
reactive power Quw.., on the basis of the average active power
P.ve acquired in the average active power operation unit 50 and
the set power factor (cost) set in the power factor setting unit
90a.

15 The power factor cosb is defined by [Pave/ (Pave’ + Qave’)’%].
The power factor and reactive power controller 2 of the present
invention calculates the average reactive power Q... according
to the following equation, using the power factor cosd set in
the power factor setting unit 90a and the average active power

20 Pave acquired in the average active power operation unit 50:

Qave = Pave'[1 - (c086)?]1*?/cos8
According to the relationship among the power factor cosg,
the average active power P,., and the average reactive power
Qave., the power factor and reactive power control unit 90 controls

26 the power factor to be an arbitrary value, and controls the
average reactive power in accordance with the set power factor.

The constant current control unit 40 is provided with a

constant current command value generator 41 for generating
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15 signal being obtained. The multiplier 51 nultiplies the DC output
current signal id, detected by the current detector 66, by the DC
out put voltage signal vd, detected by the voltage detector 68, and
cal cul ates an i nstantaneous power signal Pdc The DC vol tage contr ol
unit 53 generates a DC voltage 20 control signal as a result of the

Pl (Proportdhonadnt néihahd ¢80468! HRECBoASRAAE! sutrbenPCeoHERPBY output
vol tage signal vd, to be a constant vol tage val ue, based on the

devi ati on simgited 4cal anbiad Bl floy Hbresdbingcip iR sithaladdrichhatddeen
t he i nstantaneous power signal Pdc cal culated by the nmultiplier 51
to the DC \woibpgetedrita thescgnatagtmamatend: lopnithve 1Dgagelit ey heocuroent
unit 53, thereby generating the average active power signal P -ave.
The power f%‘!f%ﬁnfgﬁﬁlﬂ-‘é%ft-t | aepeepFtapht gerrent tcontrel DUt gad-t 42a

w th a power factor setting unit 90a for arbifrari I%/)hsetti ng the
power fgct denerpfef Sadafiys FERET $d9PGdeYope PR bRe FARS G Fyrrent

cal cul atinq:(;r%()r activq: ower , TheSpO\Ngrxf.actg settin Ni ter
50a i nput s SONEO DGR TRERAT 378 SPTRAUS Rosne ot SUbBREr ot oRehee ™
not illustrated. T-Héeconstant current control unit 40 obtains the current
command values, on the basis of the average active power P.ye
obtained in the average active power operation unit 50 and the
10 average reactive power Q.,. obtained in the average reactive
power operation unit 90b. Then, the constant current control
unit 40 compares thus obtained current command values and the
input side current detected in the current detection unit 64,
thereby performing constant current control on the
15 positive-phase-sequence voltage acquired from the positive-
phase-segquence voltage calculator 21, and control values (Vdp*r,
Vg ©) are obtained. After the dg-axis converter 84 converts the
obtained control values (Va =, Vg °) into three-axis positive
phase signals (Viap, Vipp, Viep) . those signals are inputted into
20 the adder 30.
The constant current command value generator 41 generates
signals (igp"", ig' ") of the current command values according to
a computation, based on the signal of the average active power
Pave calculated in the adder 54, and positive-phase-sequence
25 components (eyasp, €1gp) of the d-axis and g-axis voltage signals
which are separated by the positive-phase-sequence voltage
calculator 21,

The constant current control output unit 42a performs the
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10 average reactive power operation unit 90b cal cul ates average
reactive power Qave, on the basis of the average active power Pave
acquired in the average active power operation unit 50 and the set
power factor (cose) set in the power factor setting unit 90a. 15The
power factor cose is defined by rpirp L - ave.ave2Qave2 )1/2 The

power fact Qfox?é‘@hﬂ@%&‘fé%boeﬁﬁfrw%e[ﬂd eh 24 HrolhenlrRfantid Bvadkirelr
cal cul ates the average reactive power

.ave accor wm@nmthhecﬁﬁié@wmﬁmbamﬁe sisgmgl tihe  poskd Jatdritanse
set in the power factor setting unit 90a and the average active power

20 save acqliawik ontplud avgnaler.gCti VELe@wers tepdr atroantnidntifol phyeut
= Paireql (cos0) 2] 112/ cose According to the relationshi p anong

t he power famtlordZoperforms hheragestent veuprenly cordrRdndasked ancklagely
reactive power - Save. the power factor and reactive power control

uni t 909corftTdt sthss ‘?%‘ea’ﬁ%)%ve‘r")‘l“é%%*é?rt 83 b@nﬁntﬁﬁbPPFﬁP?tng’ﬁ'E‘aDQnU alue

O e e S B e LG AL B PO e

constant cyrfent, CONIRRANR! YWondsas & sorpé‘%fé%eae%% AYdl%g to the PI
control, which controls the input current to be a constant
current value.

10 The three-phase PWM control pulse generator 200b assumes
the signals (Va, Ve, Vg) calculated by the adding part 31b of
the adder 30 as gate control signals, compares those signals
with triangle wave signals generated by a carrier frequency
generator (not illustrated), generates a gate pulse signal as

15 the PWM signal, and outputs the signal to each of the gates of
the semiconductor switching elements in the three-phase PWM
circuit 200a.

[Operation example of the unbalanced voltage compensator and
the power factor and reactive power controller]

20 Next, an operation example of the unbalanced voltage
compensator 1 and the power factor and reactive power controller
2 will be explained. The centroid vector operation unit 10
calculates the centroid vector voltages (ezs. €3,, €2c) from the
line voltages (e€an, €be, €ca}, and the dg-axis converter 81

25 converts the centroid vector voltages (ez,, ez, €3} being
calculated into the d-axis voltage signal e;q and the g-axis
voltage signal e;q as expressed in the equation (21).

The £irst term on the right-hand side of the equation (21)
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current command 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 val ues. The
constant current control output unit 42a 5 generates a d-axi s output
signal vd7, and the constant current control output unit 42b

generat es gyf5:3ad So O UWHR Ip i D} e WSiide - sequence ROnFURIAY LW TNl of
control unit 40 obtains the current command val ues, on the baSi's of
the averagerrastd va:owRid Rpwiehtaiitede Bighalavelgge, actdne thevdlecond
operation unit 50 and the 10 average reactive power Qw, " obtained in
the averagetegmactone pheer rdpgrtathamd ursidObexghesses hethenstharative-
current control unit 40 conpares thus obtained current command val ues
and t he i nphasg tkequeneat corpererts i @udh heecur pEnthdefleakignandi g-8xis
t hereby perform ng constant current control on the 15

posi ti ve- phadktady Fdede lforiagtiacqiPPERLPEBmM tthd s Possible to separate
positiveph§§$-%§_uence vol tage cal cul ator .21, ~and control val ues .

(Vvdp*r, Vip bt h &7 234 &L §EIRPS S By BP e PLB ACCORTERSs to
t he obtain cQnirol v *ro..Veip*r) _intg three:axis.,positive
hase i gnarts tyeatencl HEBabaEloh ny Helold 5 £ G4t BETRAR Tl s VB
t he adder i t1vale st I n | ue gener r.. 4
gener at es ?iqbenaqossjﬁjap??%, |qpa*qﬁ Lg#gt € (;C&rre t%cs\(gaarﬁmliri(?qv'aﬁ?g%%en_ the
accordi ng tgh i oY O e PASESE Ubrigtheti tdal , 0f el Neardy &lR08 Gl R -
power rave cal culated in the adder 54, and positive-phase-sequence 25
conponeaont s fieddg-seaiugrncofl dompotrentss 8, J-éh S ValHag@osigiseS phase -
whi ch are separated by the positive-phase-sequence voltage cal cul ator
21. The corstamnevediageondtiollateptl andithi aegetiverphilse-sequence
constant current control based on id fromthe dg-axis converter 83

and the curteFiagonrargNates s?ynRerif@pny thedsgeasriies thrtweexi $he
out put signal vdp*r. The constant current control output unit 42b

performs t R QR PO tEEnPPERTDYES PR t he Yy A FdrM FREverter

o gener st cpfyen et Gl G (S e e SoBh AR OB fien OF
trolxi f i | i ch t

Coput i ¢ Y 81 s A0 U M3 bORLRYe PRV s, ikt S8 hE2L g fRen

control pulse,Hnes Rt twiD 35 YRS tike 1R $naVehel hega¥hike-ph
cal cul at edﬁthe addi ng part 31b of tlhe ?dder 361 as gateggont reoP ase.

signal s, camas phaskoseltagRakignall (eianttR, Wayg, Fidnahe garecapadse
by a carrier frequency generator (not illustrated), generates a gate

pul se si ghalegestilfe tgimdaNd esqugnate cowmbandpid s t he signal to each of
the gates of the sem conductor switching elenents in the three-phase
PWM circuit 200afn [ ther attther ehamdl.e bthet renmipdastceguencgevoltage

conpensator and the power factor and reactive power controller]
20 calculator 24 calculates the zero-phase-sequence voltage e,

by using signal values of the positive-phase-sequence voltage
and the negative-phase-sequence voltage being calculated.
As to the input power, the average active power P., and
the average reactive power Q... are expressed by the equation
25 (40), using the positive-phase-sequence components v®s,, vy of
the d-axis and g-axis voltage signals v4, Vg, and input command
current signals 1%, 1%g.

The current detector 66 detects the DC output current
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20Next, an operation exanple of the unbal anced vol tage conpensator 1
and the power factor and reactive power controller 2 will be

expl ai ned. The centroid vector operation unit 10 cal cul ates the
centroid vector voltages (e2a, e2b, e2) fromthe |ine voltages (eab,
eba, eca), and the dg-axis converter 81 25 converts the centroid
vector volt 1 8228, vE2bine 2Un 8! 38 .CabhY! F LR AR Sk Y Feteots
vol tage signal el,' and the g-axis voltage signal” elg as expressed in
the equati othd BB outhetf vostagers@mal Re v ghtthkangnehde $6ihh&67. The
equation (21) expresses the positive-phase-sequence conponents 614,

el gr, of thmlkigdsennd guakipliesttdge DS guthst eubresitgsigndithie by the
second termon the right-hand side expresses the

negat i vephd¥e-aEqiEhce g madmmale Ve angrowfputise thetiG oarigud- ower
5 voltage signals eld, eig. Therefore, it is possible to separate _the
d- axi s gnd H-Hd5 Reel t dgee suaastory Sgngubtgagee obler Rf @ y: voltage
frequency separation usj filter or the Ijike, between the ..

posi Lt ver prEtahd e nEL Ao bREVEC srabEaos eomitand (s onal Ve
positive-p e- nce ts, sny n negat.ive-. .1Q . .
phase-sequgﬁ%gn%%%%%ﬁén?§9£$?¥,He%%?HB*he ggﬁtggéggﬁaggs%ééeggglatlon
vol tage cal oyl Pkl thBERANIAE BBARERSCAPRC &l Ae8 ™ and the
cal cul ator 22 performthe separation between the positive phase and
the negati iz phassut WL Eelgaxs Sg@D Vet eh82peo¥eihget B8ntrol unit 53
negati ve- phase- sequence conponents el an, sign of 15 the d-axis and

g- axi s 190l tyegef g aiise @Td coaltaollav sbgthaentlse 3T atvthuietsttadgeheignal
positive-phase and the negative-phase, into phase voltage signals

(el an, el mVeeikegones thednatEntpvadeagegaeilve, pandctlseguegrmerates a DC
conponents. On the other hand, the zero-phase-sequence voltage 20

cal cul at or VolLtage eniasol elgb- phase- sequence vol tage el0, by

usi ng signal val ues of the fositive-phase-seguence vol tage and t he

h
negat i ve- phase- seqifeA88e¥ ot t A SHENRP c Yrdiageegon kEot S} AptPutted
ower, the aver ti ower_ Pav ave e act|ve power o ?cave
gre expresggﬁmbgﬁg&gggoéga %0 ?ngé?ﬁé"Pﬁéggg§1%ﬁ%gx%ﬂgggpggﬁﬂgﬁﬁélgnal
conpongRt s p/edp ; i - axl.sS. VO Si I d, vqg
nd i it - EShranaeEeE e e ErS, BHE iy PakPURe MRl . VIns
detects thefrddiibF W Mguation (41), the average active power Paye

., and

is obtained by adding the DC voltage control signal obtained
by the PI control over the deviation signal between the DC

r

voltage command value signal Vs -~ and the DC output voltage

20 signal vg., to the DC output power signal Py (= Vac'ilac).

The constant current command value generator 41 generates
and outputs the input command current signals ig,"* and ig™,
according to the equation (42), based on the average active power
Pave. the average reactive power Quw., and the positive-

25 phase-sequence components €19p, €19p Of the d-axis and g-axis
voltage signals, which are calculated in the positive-
phase-sequence voltage calculator 21.

When the power factor is set to be 1, the average reactive
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signal id, via the sensor 65. The voltage detector 68 detects the DC
out put voltage signal vac via the contact point 67. The nultiplier 51
multiplies the DC output current signal id" by the DC output voltage
signal vd,, and outputs the DC output power 5 signal Pdc. The
subtractor 52 subtracts the DC output voltage signal vd, fromthe DC
vol t age corpefelr \@AlLUdesicieal zeto* I, Thdfe gehe| atlies iRy icdmmihds cgieent
Wth regard to the deV|at|on S|gnal bet ween the DC vol tage conmand

val ue si gnadigraks aing™t bedDCOltane gerldrgedigairdicg tiohéhBCequation
vol tage control unit 53 10 perfornms the Pl control, so that the DC

out put vol ti#ge) si gnal Vdc becones a constant voltage val ue, and then,

generates a DC volta e control sig The adder 54 adds the
DC vol tage contr&d™ & Sﬂa‘}P%PHEF?EH %%Wﬁe%&%é&énéd?ﬁ’?’iﬂn%ﬁPPtygl

Lﬁtf'v‘i Bowdt Pcu;%s*ﬁ _ekéﬁﬁ?fés f%s:%her“ :“t H%ta%?%iﬁih%té%?% g=e
< gnal bt B A EREBr O BRPATS cur TPherkiB Bl ol SrE He e BReE

the DC vol tiage %G%L@tﬁ@&uﬁr&hgﬂ?é Meedd - el d Mpéﬁ YEd L B8,
20 signal vd,,sfo t he DC out put power signal Pdc (3§bdc I d u

The constant cur e dgoamaedcy@yset 88 By Qb@hyéi‘s@@ﬁefﬁérﬁaqlﬂl’&é—@!mﬁ %o
the i nput command current signals idp*r and igp*r, according to the

equat i on (42jq-piesssl) ororther iz driseg & harte \phasendC Rapat therawer aggnals
reactive power n
10 i,, iy, and i., into the d-axis current signal iy and the g-axis
current signal iq.

The d-axis and g-axis constant current output units 42a
and 42b input the d-axis current signal iz and the g-axis current
signal iq, respectively, as the feedback values of the input

15 current. The constant current control output units 42a and 42b
further input £rom the constant current command value generator
41, the positive-phase-sequence current command value signal

of the d-axis igq,™

and the positive-phase-sequence current
command value signal of the g-axis iqp*r, and according to a

20 predetermined computation based on deviation signals between
the d-axis and g-axis current signals i4q and ig, and the current
command value signals ig,'~ and ig,"", generate and output control
signals Vdp*"" and qu*r for controlling the input current to be
a constant current value.

25 It is to be noted that the d-axis control performed by
the constant current control output unit 42a is expressed by

the eguation (44), and the g-axis control performed by the

constant current control output unit 42b is expressed by the
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ave and the positive- 25 phase-sequence conponents eat, elv of the
d-axis and g-axis voltage signals, which are calculated in the
posi ti vephase-sequence vol tage cal cul ator 21. Wen the power factor

is set to be 1, the average reactive power O ; Gave becones
zero. Therefore, the input command current signals idp*r and igp*r
are gener atgd, 4cLof di gy to the equation (43). On the input

current side of the constant current control, 5 the current detector

64 detects via t g agsaxs sbSontdf€6r BIRe6nHert BPtie Sentedl $4UASE 7,4, "
-a, Ib. ic of the three-phase AC power being outputted fromthe

t hr ee- phasearACggWietn so el positiveFiphadeg 8XgRalON(eLL £V183 Viep) .
(conversion fromthree-phase to two-phase) converts the three-phase
AC i nput cunéritheremister lihpats ithe awhvey;tadtsd antad sd-daxitdec addenmt 30.
signal id and the g-axis current signal it/ The d-axis and
g-axi s €onstant cdyrere 86€pLt 30ni t28ddRAI 4PBTE NI 1344 - BRes zero-

current signal id and the g-axis current signal ig, respectively, as

t he feedba %%ﬁIﬁﬁgQﬁn?%eqﬁﬁﬁ@@e15eburF@iFgg?ﬁﬁdcoh%tdﬁFacﬁPF@ﬁPhase'
control output units a and b furth i nput._.from._the_cqnstant .
current corfRE G BT wareuAtend 4, ihe pheed. vedianee sionals
current co nd val ue sj | _of e d-axys. idp* 1§

posi tive- pkr?;?;lé'l'se%hbé‘ﬁc?lg'{l}?r%ﬁt t?:%m’rrgen vﬁY%gﬁ%‘{‘%ﬁ%%‘Fgﬁ% SPQ%Pgents

ia?r, and ansdidW B Bne&diwsted &N N O YL AL S RRREL AN 82.  The
devi ation signals between the d-axis and g-axis current signals id

and i g,10ancadding upaent 3cbmTmitheal URidE gtied Spbeptivanrghagpirr sequence
generate and output control signals Vdp*r and Vgp*r for controlling
t he i nput conmmmenis bé the phasentoktagestignallse(Vi2pl Vidps Y@, bebratieed
that the d-axis control performed by the constant current control
out put uni tbXhe soayemsisrd 1py thaed@uasi s opoRveytenftt + e dhgxpdgnals
control perforned bxjthe . .
obtained by adding the phase vecltage signals {(€ian, ©1ibn, ©1cn)
to the zero-phase-sequence voltage e;, calculated in the adding
15 part 3la, generates three-phase voltage signals (Vg, V., V&),
and outputs the generated signals to the three-phase PWM control
pulse generator 200b.
The three-phase PWM control pulse generator 200b
generates a gate control signal for controlling the three-phase
20 PWM circuit 200a based on the three-phase voltage signals (Vg,
Ve, Vi), compares the generated signal with a triangle wave
signal generated from a carrier frequency generator (not
illustrated), generates the gate pulse signal by the PWM (Pulse
Width Modulation) conversion, and outputs the gate pulse signal
25 to each of the gates of the semiconductor switching elements
of the three-phase PWM circuit 200a so as to perform ON/OFF

control on each of the gates.

Next, operations of the unbalanced voltage compensator
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constant current control output unit 42b is expressed by the

equation (45). The dg-axis converter 84 converts the control

val ues Vvdp*r and 17:1 into triaxial positive-phase signals (Viap,

\inp, V1,p), and thereafter inputs the converted signals in the adder
30. 5 1In the adder 30, the adding part 3la adds the

zer ophase- sequenefe VIchi 286 8l st48é Cahat 8 thet H8LEAEEACBAAEESEEURNEE be
vol tage cal cul ator 24, to the phase voltage signals ( elm elbn. elm
O the negaiipeaipnlede- JaqUsnte Genported heelt ahatdthy uhbatancedsshate
in the dg-axis converter 82. The 10 adding part 31b further adds the
posi ti ve- phiaseludes) v & tagepehenée stivd dldqueade vefinage wiigna & short
(Viap. VIbp. V10p) obtained by the conversion in the dg-axis

converter ReriedtHasiayHarey AHdRgs & Ihg ade fyradery ditt Ageludes

signals _(elm elm. el B to the zer o-phase-sggltrjence Vol ta%e

el ocal cfl at™dtf it ThdineRlRge PECULSeddy HSs thifegsPhRgSe voltages
vol tage signals (\\Vd, V.. .Vf), and outputs the generated signal s,.to
Uhe Chr co. ot @ PSSR 55 S4nGandieter Soor Astuncd gt thk”Loaa
t hr ee- phase, PMWM € rQle MO SELENSE At £ erates a gate control

signal for controlling the three-phase 2 Citcuit 200a based on

the three- fiRseraidipderLs| @ saldMtbed’ stafd] conpares the generated
signal with a triangle wave signal generated froma carrier frequency

generator (not ildimsheaitetde bEOLE ahRSiSitatd e Pl ¥0 1Tiageadrdyy otbars,
PWM (Pul se Wdth Mdul ati on) conversion, and outputs the gate pul se

si gnal 185 tthe &bireef phlaseghC enmit vvbétagascimoudher thweé ehhage AC power
el enents of the three-phase PWM circuit 200a so as to perform OV OFF
control on sutroflifhrrgdietheNnssate ofcvainghalencede uhbathbircbgdlanced
vol tage conpensator 1 in the bal anced state and in the unbal anced

state will He&pPsi ARGVLIIN FdG0lfe Hig ddruss@hass VoREagRbST SMRES ©x !
state includes the state ere t he v.(%l.t age.i s reduced vvith'yg a shortl
period (i ns‘?san?taﬁ%’éﬁ%*"‘?}%’l’&gé’e BP B%° LTS PR S SR8 Ve 528° Fre ORLY -
state wher I rs.insthe. - pha l.t age
peri od of Ciid At BAEE SR Selal ok VAR B it St rflofd g e
| oad 3Q8 | SRASIAD 21 PRSEASMEDSELN, tdifa DAL @NG etk BL A&l tdfe L HEgRARLE,
before the instantaneous voltage dlrpop occurs,
becomes zero. Here, since Z,;, 2,3, and Z;; are open, the phase
delay due to Z;; is ignorable. Therefore, it can be determined
that the equations (1), (2), and (3) correspond to the equation
(17), and a = 0 is established.

*r

20 On this occasion, the signals ig'", iy = of the current
command values are expressed as the following according to the

equation (42):

iap™™ = (2/3)" (Pave/E1pn) w(47)
igp™™ = (2/3)* (-Qave/E1pn) (48)
25 According to the aforementioned command value current

. . * . * .
signals ig = and ig °, current control is performed from the
constant current command value generator 41 in such a manner

that the input power factor becomes the set power factor. In
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10 the three-phase AC i nput voltages fromthe three-phase AC power
source 100 are in the state of being balanced. In this bal anced

state, as shown in FIG 17, the three-phase voltage signals er, e" et
correspond to the positive-phase-sequence voltage ell, only, and at
this tinme, the d-axis voltage signal emexpressed in the 15 equation
(21) beconeshdidiBe aMbrdand a¥itSpvRbiragecsbanad ©l'Y, heORmmEA®O value
Here, since Z12, Z23, and Z31 are open, the phase delay due to Z12 is

i gnor abl e. Ghereior eignhlcah,le betenas nedrichatahde cauanitonsoffiyeol is
(2), and (3) correspond to the equation (17), and a = 0 is

est abl i shedeerD@rmedifaye thei opnstapt guprdnt copmand ypive gfendrator 41
current command val ues are expressed as the follow ng according to

the equati oif (¥t thp IpRPRB)PoYERVEAET PR REATHES qpir- = (2/3)

(
- Qave/ HEl -(48) 25 Accordin 0 fhe aforenentioned cQ nd val ue
oy ot Doyl s ATRER e the b el A R T, BOLtos P e

constant ey« gt GO 4O UG, IENST ALl ol Do SUGIH B RDDEL. AL NG,

i nput power factor beco e Set power " Vifie

the set powss JAELOr;d Soudputidd fg@rg%%yawet?e Cb'érﬁé‘édsé%‘aéi&cgp*1

becones zero, "and current control orned fromthe const ant
current co A9 0185 04BN eERd Oinddl&fcddadtd&] | nput power factor
beconmes "1". SFurthernore, the DC voltage control unit 53 controls

t he DC out put volNeags, & duplamaisirani 1Y dleufadare dafidiielotiee uhdalkadked
DC power is outputted regularly to the DC | oad 300 side. [Operations

i n t he lnbad teribe dwisene et Ndeas tawne«phasat iA6h imput beohbalge r eghr diEnghe
t he unbal anced 10 state where at | east one-phase AC i nput voltage out
of the thrdgRrRhage i Mpuinbett dgdtagesnfroe theethprgsphasepdhepovwer
source 100 becones the state of instantaneous voltage drogégand t he

AC i nput vAIHEE 1HACHECURB A &8 Eo\ie @ RS kB b 897 S ARye and

drop occur sl:l'luan I!Eé.'eiﬁaﬁ%é nxpg.{tages become unbalanced.

When the instantaneous voltage drop occurs in the AC input

15 wvoltages, the positive-phase-sequence voltage calculator 21 of

the symmetrical coordinate component calculation unit 20

outputs the positive-phase-sequence components eqp, €19 Of the

d-axis and the g-axis voltage signals, the negative-phase-

sequence voltage calculator 22 outputs the negative-phase-

20 sequence components eian, €1qn Of the d-axis and the g-axis voltage

signals, and the zero-phase-sequence voltage calculator 24
outputs the zero-phase-segquence component ei,.

The constant current control output units 42a and 42b add

the positive-phase-sequence components ejqp, €1qp Of the d-axis

25 and the g-axis voltage signals to the current command value

signals. The negative-phase-sequence components eian, €1qn OF

the d-axis and g-axis voltage signals are further added via the

adding parts 3la and 31b, to generate the output signals (Va,

75



15 vol tages, the positive-phase-sequence voltage cal cul ator 21 of the
symmetrical coordinate conponent cal culation unit 20 outputs the

posi ti ve- phase-sequence conponents eldp, elm of the d-axis and the
g-axi s voltage signals, the negative-phasesequence voltage cal cul at or
22 outputs the negative-phase- 20 sequence conponents el an, shin of
the d-axis @ndvihe grdthe ¥abtage S6BPBdS.iARdrEBemed from the constant
zer o- phase-sequence vol tage cal cul ator 24 outputs the

zer 0- phase-aeatene eommapdenl u€ benetae oe0 s Eardhatheniinpipower factor
out put units 42a and 42b add the positive-phase-sequence conponents

el dp, shi p wdcomes d-aXi.s 2% atbiition akhe P60l tvajdagegnedstrel t heit 53
current conmand val ue signals. The negati ve-phase-sequence conponents
el dn, el m CHILERES diPS anEPyLaxebtage tityydespgprnrstant vakushewhereby

added via the adding parts 3la and 31b, to _generate_the output
ST gnal s 5( vcthe GonsKhHt DEPOHEr A PBERUESRET EPIRLARLY (0 B8 PEokAhS00

const ant currign command val ue generator 41 so that the input power
factor becofie®®"1". In addition, the DC vol tage control unit 53

controls the DC Vol t € n I by 5.;th
constant DC powe?ﬁ% E,&{%%Jt' p‘%t?g% ér%é(gle%l??%go%é@ﬂ%n%% #%g%g\gg%gsigﬁeﬁo the
By addi ng t{ieg£€f s HRSSe S8 Ee CUMBMHENE! anli0 ¢A€ positive-phase-
negat i ve- phase- sequence conponent and t'he positive-phasésequence

conponent , ddfuetd®-diRSEnSeEl et LAPPIRHe Heddthdd dumRInetlEe the
vol tage i s superinposed on the output signals (vd, V,, Vf), and a

cont r ol10si grawerf Gourite vhiltagphbs aupAdicposed en tlse gartguat eflghaisd( vy,
on the output signals on which the zero-phase-sequence conponent is
superi nposél,. ¥l oindh at penthedes gk IAT ithputhyee t pigese tRWM converter
conpensate for the 15 i nstantaneous vol tage drop. The present

i nvention sthj SePeTatEd ebB§LYpeRat T CRHNE | FAERASSt agRs YHEkfh r ddre
at one neasurenent_point _of tinme, therepy.acquiring the_pha .

Vol tages off T U PTEEestncRsEPTRERBbotE, SBRPFOMRESEe EateHiRe the
current Corﬁl{loée— e?&gorﬂ{:ngi}lgutthe J%'i@a %@t _r qlo baégrgggﬂsépg for the

posi ti ve- phasesequence voltage and thé negati ve- phase:sequence

vol t agqs0f e H{Esfedpd LAGLagd Uitds! cal cul ating the

zer o- phase- sequence vol tage fromthe phase voltages, and
superinposi ng t herwe rddEse 19RAEHIGh LI RE] PN &ector operation to

posi ti ve- phase- sequence

the line voltages acquired at one measurement point of time,
thereby acquiring the phase voltages of three phases as
described above, performs the constant current control

20 according to the PFC cpntrol based on the positive-phase-
sequence voltage and the negative-phase-sequence voltage of the
phase voltages, further calculating the zero-phase-sequence
voltage from the phase voltages, and superimposing the
zero-phase-sequence voltage on the positive-phase-sequence

25 voltage and the negative-phase-sequence voltage, thereby
compensating for the unbalance.

In the unbalanced voltage compensation according to the

pPresent invention, the line voltages acquired at one measurement
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25 vol tage and the negative-phase-sequence vol tage, thereby
conpensating for the unbal ance. I n the unbal anced vol t age
conpensati on according to the present invention, the |line voltages
acquired at one neasurenent point of time are used as original
signals for calculating the zero-phase-sequence voltage. Wth this
cont i gur atifnd lod $iRRSILE! sl APRHIGErA1C00GARY s St G Halilating the
conpensating for the unbalance, fromthe neasurenent val ue acquired

at one 5 neASKHY Sifdde PO Rlete t¥dBtage. WithyRNG3 bniQurdetesti A& is
vol tage fluctuations of the phase voltage, at |least a half cycle of
time intervydsdibecss signirther ebateolas 1gASUr Bslr \imeeratafilts f@ie the
nmeasurenment point of time is not enough for detecting and

conpensat i nipdakaride t hef xombal dne ednestsatrsmenrtl neds e eciogplioesl at  one
obtained at nultiple neasurenment points of tine are required. On the
ot her hé&ndmeapurrRmenteseeint REnti®e; the |ine voltages acquired at
one neasurenent point of tine are subjected to the vector operation,

t her eby obt ai ni nFAHE Y 1 | HRE pASSECEdRTe Vo4 tPge i Giiip ting sof the
negat i ve- phase- sequence vol tage of, the e voltages, .and th .
zer o- phase-pgjeaqﬁﬁenggiggg?ag@tcaﬁe%%t cll %ﬁeﬁy?i%mg%hetlme inferval is
posi tive- phases nc lage a hve- e

vol tage. Accor di ng}s& i%:th\él(}lse POSSi %?neéa{%%ﬁg%ggg %gﬁgﬁai %gl;é%surement
conpensat i N ¥ Jehe ikabakatee erdduyi Q@E:Ydé%ci{ﬁh?%@%%&%ﬂdaﬁﬁrf& for
one neasurenent point of tine. The acquisifion of the line

vol t agas anthd h@valkalcyicedavel, t g€ neiaRsPia0ieBos®taOfed et multiple
acquired line voltages are not limtedly based on the val ues acquired
at one neaswgaEneErdmeyoi Nboiitd i ol tikkd eammtreupired he Oac qhies otther dfEnd,
the Iine 25 voltages and the unbal ance conpensation are sequentially
repeat ed, tierdty poesemnt yicvepbhent i hgef dinehwolhagaat arauiredoptagae
drop, but also conpensating for the unbal anced state of the voltages
for a | ong MeAsHrement point gk timg a¥e sgbdeshed §@ thraegteah@reration.

a configuration exanpl e of the present invention will be explained, a
fo the UnbdMERERY FOTHAIGE AbRBENRAE L bhVPTENAFE RS PRRSBAB T ShigF and The
vol t age.conpe ' per at i ' r.f.Qr rit '

b ocesding S WERAL ik ce RETGHE a7 & Brde i bfsa, ana gme
vol tage conpens o) g o o T o] ¢ e‘&ﬁm tved o d s 8! ' Ifﬁ_.rggpt
the functions oﬁlﬁlsstant%neous VO taag% drop c&réper??gpc?gtﬁ%aérﬂpt e the
power CODV%k%ﬂﬂlvé%bﬁ&ﬁﬁu%é&uéﬂﬁéC'ﬁ@ﬂt&géonéhﬂur@héonne?ative—phase-
Alternatively, it is able to 10 inplement the functions o

i nst ant aneausumldeage raye Compensdinglygnd.tt ie poweiblenter generdfe a

allowing the CPU to execute a program
signal for compensating for the unbalance, from only the values

20 acquired at one measurement point of time.

The acquisition of the line voltages and the unbalanced
voltage compensation based on the acquired line voltages are
not limitedly based on the values acquired at one measurement
point of time. Alternatively, the acquisition of the 1line

256 wvoltages and the unbalance compensation are seguentially
repeated, thereby not only compensating for the instantaneous
voltage drop, but also compensating for the unbalanced state

of the voltages for a long term.
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FIG 8 illustrates a configuration exanple in the case where the
unbal anced vol tage conpensator and the power factor 15 and the
reactive power controller of the present invention are inplenented by
the CPU and software. Hereinafter, the configuration of the conputer
control unit according to the CPU and software will be expl ai ned,

| abel ed by the r %eﬁ{'@n@ﬁtﬂ%@f@fe&ce %%Iéh%\"’anhrf'ﬂa GQ & coRlild®ration

t hr ee- phase AC power ‘supplied fromthe three-phase AC power source

100, the thseanphases AME garrierindh syl QS e dxfpieanRiese AG the
vol tages to the PWM conversion and outputs DC voltage to the DC | oad

300. The camhdBancadtoaladei ¢omdpdrasa t Lt tinowtsi ¢ theeunbdbdiade®doltage
vol tage 25 conpensation and the power factor and reactive power
control, ambrpensating epetratdenphaperfonvedtey aR0ixr t thmetr o pmogewsing
conversi on, unbal anced vol tage conpensation, and power factor and

reactive pd%értlt%rﬁl?‘blaccordlng to Wféf%‘ﬁﬁiﬁﬁlt er control unit 3 is

prov de0 W 11 U Y (RILEAL SIS UL, 2, COM PR
cont ral i 2ed AT dob Aoaac oo TP AERERE EhE Lot S abar SBEAARRe
unit 3. Thg, ﬂ%égfﬁ %Br%ﬁ ac%n?p&é’aﬁ?icﬁ{‘aérfﬁj tﬁfé’%fo%f@f Q:otn%rlgAM 3D, ﬁp%ﬁ&{}]

of system progra various appl1cation prograns stored in t

3c, and exespit@se vaif@uﬁtpe@ﬁﬁguﬂgtwncoonfféfh@fll%ifl the PEOEHAR to
being 10 extracted in the RAM 3 The CPU 3a controls the

t hr ee- pbaseidp¥dnpriise tleser phnctponyi defl | AnkBanthnhesuphageltageer Geop
200 in cooperation with the power conversion control program thereby
converti ng ¢cdmpersaei@hased Ade mumyepawervarypidn df aldowing the CPU to
t hr ee- phase AC 15 power source 100 into DC out put power, conpensating
for the unisatefit’l ¥ Rr@Geamof the AC i nput vol tage, and perform ng
power factor and _reactive power control. The RAM 3b is a

vol ati | e-type nmefdi§r forlldtinadard &@ﬁ%ﬁﬁq%ﬁ’ﬁ% igndhgasage

k t t t 0 d ) ROM 3
merory f or YOGS PSP {?:}%?H%ﬁ%g R1EPgR LoBRetEatBy Ang harpomer fagor

stores Ehe A C g\cllgli: nﬁ)t?%@% n ﬁ%ﬂnofoihgpﬁ%%géﬁf qgl&;eﬂ*&lon are

t hr ee- phase conver andleés 'I'n

out put t ng mpl?éné&aeé@uwl gna! sciirt adde sokRRNase HaeldAIer200 the

configuration of the computer control unit according to the CPU
and software will be explained, labeled by the reference numeral
3.

20 As shown in FIG. 8, in the three-phase AC power 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 wvoltage to the DC load 300. The
computer control unit 3 has functions of the unbalanced voltage

25 compensation and the power factor and reactive power control,
and controls the three-phase converter 200 to perform power
conversion, unbalanced voltage compensation, and power factor

and reactive power control.
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unit 3d inputs the line voltages and the a-phase and c-phase AC i nput
current on the three-phase AC i nput side, as well as the DC out put
current and the DC output voltage on the DC output side. The I/0O
unit 3d further outputs the gate pulse signals for controlling

sem conductor-swi tching el enents of the three-phase bridge circuit in

the three-phase e essRpuedP. cOR¥Fe1 WMihRt &f ereenNGodQidd Grith EHe CPU
explanation will be 5 nade as to the operations according to the

program contTexitiyl thes caii@ rumicit 3, WAM (Random Acce@st Remory) 3b,
conputer control unit 3, for exanple, outputting of the three-phase

AC power frRON t{Readrerlphderory) pderrasduide uddtt Bdggend eaalli n§ dhe
t he power conversion control program 10 fromthe ROM 3c and

extracti ng Q¥R GYrawe | FORNRC B2 arkug . processing for the
power cgnversion control and unbal anced volgg%ﬁ conpensatlon IS

executed in coopé['rhét CEN ARt Fordecepgent radd zath fRNtEolhever fRMaat the

FIG 9, f th 15 t ect f 01

' the st el HNeRE oF e CoMREESACoDBR RN aT o7 o e YU PE PREZAPES
t 3d, | he.t

uni 'ap%l \éq_ ac‘zg:%dsbg"lggk‘gmteect edg'hmfg% OI)u]i: & Jﬂ{/ﬁet agﬁ%g; gnaﬁ and

voltages belng acqui red and "t Hen phase

e2a, ez2b, es?d}:ﬂ:?t?s &3a4 a8 dnas o5 HA MY sttfbxté?flﬁemé Rt YECIAA executes
operation. 20 In thé configuration exanple as shown in FIG 7, for

exanpl e, theaRiid Ob8ovesk@hgoPEi atboperatpohf ofiE itRet NEr&fidn Obding
vector operation unit 10. The phase vol tage signals e2a, e2b,
e2n of 10hr exxipteastesd b nighe aBaM| # ed are converted into the d-axis
voltage signal aid and 25 the g-axis voltage signal elqg, being two
phases. The posi thhee GfWadSe- segbrnte thepdmesn Dl shp Pidkaulsed generator
negati vephase- sequence conponents_eidn, eign are separated and

obt ai ned eri?ﬁ‘tJHEQjﬂdkft@ea B%%EP%?O‘F?‘&E@EPE%‘P% gt goopieg adiomgwith

Fhe d- axi s iR HEME r&r&“verﬁ T B EAP al BB Ve PR e Gt be
phase vol talgl%ese!s-%g'%lsse eA(.a d t ox?tlr;lzgnlnpu'}:@égefgor%ste_ﬁe Iﬁ%eBr-Bﬁgéaeic

in the step corresp
15 power source 100 intc DC output power, compensating for the

unbalanced voltages of the AC input voltage, and performing
power factor and reactive power control.
The RAM 3b is a volatile-type memory for storing various
information items, and has a work area to extract various data
20 and programs. The ROM 3¢ is a memory for storing various
information items in readable manner, and stores the power
conversion control program for controlling the three-phase
converter.
The I/0 unit 3d handles inputting and outputting of
26 wvarious signals with the three-phase converter 200. The I/O0
unit 3d 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 DC output voltage on the DC output
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5 processes perfornmed in the Iine voltage detector 62, the centroid
vector operation unit 10, the dg-axis converter 81, the
posi ti ve-phase-sequence voltage cal cul ator 21, the
negat i ve- phase- sequence vol tage cal cul ator 22, the phase f,
calculator 23 for calculating the zero phase f", and the 10
zer o- phase-segienag e/ al foaaa i¢abautat fheRdoutputs théafdtPpdi® signals
processes in step 5101 may be perforned in parallel as appropriate.
Such paral I#fdr praceesolDins padiadoRihdtorstan tiiihdnelameatse of the
applicable in the same nmanner, to the follow ng steps 5102 to S106.
151 n t he st@pred-Bidde Lridige heiormust dal dileatthoreepipbaess converter 200.
performed. A synchronous signal "s" is generated fromthe phase
signal s e2a, en, Na#ft 20 th nefieacensitades FIthe %y @ghespdadadiignawild: be
may be gbtained fromthe zero cross goint of an% of the phase

J.gg]t

vol t aged of™39R gshdSe the PRGE2L1gRE| ece9Rd ndePredFan sentrol by
I nstance. The synchronous signal ¢ e generated by conparing the
phase voItéggﬁﬁﬁwpq?ﬁfz%?%ﬁ%%ff%@g? ghd out putting the synchronous
signal "s" at the:rﬁct'h’ét c%§ﬁt%Q¢c8H@§81vﬁhié%,%P ;ﬂ al ol #&%ing
zero voltage. In the configuration exanple as shown 1n Fl ?, Phe

Synchr onouS, ik gRetn BE8SHRALE A25pdlel Erdi PUE G H B ISR Rl 4BRIrce
by using the output signals ( e2a, e2b, e20) fromthe centroid vector

operation uid thihgdeitk ifedEmPSH MR poweAnidogivied sliltns copi-atl pfoly-am
a conparison
10 from the ROM 3¢ and extracting the program in the RAM 3b, and

then processing for the power conversion control and unbalanced
voltage compensation is executed in cooperation with the CPU
3a.
As shown in the flowchart in FIG. 9, firstly the voltage
15 detecting process is performed (S101). In the step of S101,
three-phase AC voltages are acquired via the I/0 unit 3d, line
voltage signals ea, €nc, €ca Of the three-phase AC voltages being
acquired are detected, and then phase voltage signals ez,, ey,
€z¢ are calculated according to the centroid vector operation.
20 In the configuration example as shown in FIG. 7, for example,
the centroid vector operation is performed in the centroid
vector operation unit 10.
The phase voltage signals es, €2,, @2 of three phases being
calculated are c;onverted into the d-axis voltage signal e;q and
25 the g-axis wvoltage signal e,;q, being two phases. The
positive-phase-sequence components ejgp, e1gp and the negative-
phase-sequence components €4, €1qn are separated and obtained

from the d-axis and g-axis voltage signals eiq, eiq being
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circuit which conpares the output signal e2a with the zero voltage,
for instance. Alternatively, the synchronous signal nmay be generated
at an arbitrary point of tinme and this synchronous signal can be
assunmed as an initial value of the synchronous signal "s". 5The
synchronous signal "s" is used for synchronization in the dg-axis

conver si on ddiEldei g, t 18 V01 RRASEGH 01+ $85 PHASEGEONVE'SIrb R s e1an.

t hr ee- phase to two-phase conversion I n each of the steps 8101, 8103,
and S106. @t hbs eeeasd-Qdkid hen8yBCchkBi ZRANItAYd SsPRid D nB b, Ysi Bge
t he synchronous signal 10 's" obtained in the step 8102 executed just
bef ore, or ddeveyrehriormushsighmde Yo'lthgengighels bl aleivwal @8, in three
Therefore, the step of 8102 corresponds to the process perforned in

t he synchr @i®meesi giifle pavsesses A0 the step ofieRil0lacomrespond to the
detection process is perfornmed in the step 15 of 8103. In the step of
8103, tAre@YARTOET PRPECTREAr it §hgndiisye voltage detegtom,63c the
being inputted via the |I/Ounit 3d are detected, and cqnverted into
The d- i St S SRFTatiP ARt e dtis, BReARIS Graveryerras -
step of 81Q3 cor _ e es med_ i ur pent
detector 6 é%dlﬁﬁigﬁgg%qégi%g %%%@%&?er Egggég%bxg?iguégﬁ?ggeE?' the

control pr %i@e%é@é%t?%ﬁ%%&%ﬁ@gé1Q§lchﬂaEB§| 55D 8k %31%? ) £o

the DC output™ current sig e” DC out put vol tage sign

are detect eshnd@ddter | £® wir ddicihetiggeahed IXrOUpBEEeCUFS,eNdnd the
signal id, is nultiplied by 25 the detected DC out put voltage signal

vd, , ther elemsl ghdsd 4 ggidecddGrolt Hgd @il st@nat4 Pd, . The DC

out put voltage signal vd" is subtracted fromthe DC vol tage conmand

val ue signal Vd, 'Bach of the processes in step S10l may be performed in
parallel as appropriate. Suchparallel processing as performed
in step S101 may also be applicable in the same manner, to the
following steps 5102 to S106.

.15 In the step of 5102, a synchronous calculation process
is performed. A synchronous signal “"s" is generated from the
phase signals e;,, e;,, and e;. 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 es;., e, and

20 ez, for instance. The synchronous signal can be generated by
comparing the phase voltage with the zero voltage, and
outputting the synchronous signal "s" at the point when the phase
voltage becomes equal to the zerc voltage. In the configuration
example as shown in FIG. 7, the synchronous signal generator

26 70 is allowed to generate the signal by using the output signals
{eza. €2, €2c) from the centroid vector operation unit 10, and

it is possible to configure this operation by a comparison

circuit which compares the output signal e., with the zero
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calculating a deviation signal, and a DC voltage control signal for
controlling the DC output voltage signal vdc to be a constant voltage
val ue i s generated based on the deviation signal being cal cul ated.
Then, the DC voltage control signal is added to the DC output power
signal Pdc to generate the average active 5 power Pave. The step of

S104 correspondigd 0 £l 1R6RaRSSeS REEéPhERIve Iy heh& WinRiNr ARIRCEIGnal
66, the voltage detector 68, the subtractor 52, the nultiplier 51,

the DC vol e bBentgediendtdd 53t anl ahpivddey pobinMexdf tthamepoawd this
factor and reactive power control process 10 is perforned in the step
5105. In t=ystheprdusSidignahecgovery dssined set @nng nuriialoFradates offhéhe
power factor, and the average reactive power operation unit 90b

cal cul at es s¥echnaye 2l vespower ()aye, according to the power
factor set in the power factor setting ynit 90a and the aver age_ .
active Power ravdlfs SYRCHTMWYS shfRaly efagd SalePe THEWEY NEREPRLZGH1ON
unit 50. . xt, .a current contral process.is r.far in th
atep 2106, bR PORTEEN L BR A eyl B R P F e P s BRase
*r*r oildp . :E.ggﬂ: N . he _basi s 208n [

power rave htan nsg' | n%ﬁ?grtg{r%% g%glfte t% ﬁe%'gd\)/eﬁ'ﬂgtgglyseé ?cg%@%e pO\?\lg{r e\fl%h of

Qa", obtainef i gtbpe s&§£P101@0:Ndahe PO L1 VOrPhaResSSMeon, the
conmponents edp, eqp, of the voltage signals respectively of d-axis

and Q- axi s saiicrimat Ayt idie PPYdifrndingy wegdald teepbgaehsopanat s88nal
in the step of S101. The current conmand val ue signals ildp*, ,*r and
t he d-afi s "&fd aplaadimseduinenhesisgeq $102 executed just before, or the
synchronous signal "s” being the initial value. Therefore, the
step of 8102 corresponds to the process performed in the
synchronous signal generator 70.
Next, a current detection process is performed in the step
15 of S103. In the step of S103, three-phase AC input current
signals i,, ip, ic being inputted via the I/0 unit 3d are detected,
and converted into the d-axis current signal is, and the g-axis
current signal i;. The step of S103 corresponds to the processes
performed in the current detector 64 and in the dg-axis converter
20 83.
Next, a voltage control process is performed in the step
S104. In the step of $104, the DC output current signal is. and
the DC output voltage signal vy, are detected via the I/0 unit
3d. The detected DC output current signal i4; is multiplied by
25 the detected DC output voltage signal vga., thereby calculating
the DC output power signal Pg,. The DC output voltage signal

Vac 1S subtracted from the DC voltage command value signal Vi =,

calculating a deviation signal, and a DC voltage control signal
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25 id, iq obtained in the dp-axis converter are used to generate the
current control signal. The step of S106 corresponds to the processes
performed by the constant current command val ue generator 41 and the
constant current control output unit 42. Next, a control
correction process is perfornmed in the step S107. In the step of

S107, the ifyptitoaii-b@ntingothe @C sugpat BeReIqE sllghAlt\g t5d BE ®tohi@ant
is added to the positive-phasesequence conponents eidp, eigp of the

d- axi s and wphbtdge wallliegésbgsngnatsd disadeth bliepbsviatviephsigmal being
negati ve- phase separation in the step of 5101, and output signals
Vdp*r, Vopiealaslatein iTherhe tdguil oied tegs) candrelssignalgdseadded. to
Then, two-phase output signals Vdp*r, Vgp*r are converted into the

t hr ee- phaseEROMGT QUIAYh AT |sdgna) By th@orERteride avreagigagetive
| t 10 si I lan,__elan, ein ired in th te S101 are
hdded 8 ¢ IRPWRE GPvet | agbes AbeH ©h0SIPAr CRETeRRsBAn o4 hEngoREPSESSes
signais Vi ap, Mhg 40 HenkyreLher £l SENCTAL | BHCA, IR, E Mo 6,

signal. Then; a'triangl € wave signal 1§ generdted, and %/

compar i ng tig, IdiIgl S SR STl G, GAL @ RO 3 kRY oofleron

gate pul se sign I's generated. Subsequently, the gate pul se™signa

i s outputteaghio sachhoi the A8d&es ©4. t he sem conductor sw tching
el enent of the three-phase PWMcircuit 200a in the three-phase

converter 200. 20iEbet ,sthp phwsl Factonr asdaeds:ticrd pewprat@sisssl process
perfornmed in the adder 30, the dp-axis converter 83, the constant

cur r entlOconits @erfigymed dmi the42benndl ARb, Irhé&hdqsbtebsof BMEF t dheBpower
and the three-phase PWM control pul se generator 200b. In the step
5108, it i Ladiwr matddnhemddr 98 saéf the POWRF DHCkynwand dhecaverage
process, the unbal anced voltage cpcg{‘fensati on process, and the power

factor and TRRRLENR BOWET QRRETItLIAN e URdtni HR eGalrRlpkEse o caYEzgge
tt i nated, .the process returns to the step_of. 5101 and .

2(r)ﬁt in(r)lues,erlmagc?telé’:se E??Wet]‘ﬁec%"%fr eaciceorrr# &f el (‘)"D r TESHO& §|e%n in the

trol d t i e

control Profgas: £hldg o Qaﬁe&grum SHARALAYL OO BT HEE D gLt BE,,

power fact d reactive po control are broug 0 an end.
15 obtained in the average active power operation unit 50.

Next, a current control process is performed in the step

5106. In the step of 5106, the current command value signals
ildp*r. ilqp*r are generated, on the basis of the average active
power P, Obtained in the step S104, the average reactive power

20  Qave obtained in the step S105, and the positive-phase-sequence
components eqy, €4, 0f the voltage signals respectively of d-axis

and g-axis obtained by the positive-phase negative-phase
separation in the step of S101. The current command value
signals ijqp"", i1qp’" and the d-axis and g-axis current signals

26 i4, iq obtained in the dp-axis converter are used to generate
the current control signal. The step of S106 corresponds to

the processes performed by the constant current command value

generator 41 and the constant current control output unit 42.
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In the configuration for allowing the programto activate 5 the CPU,
simlar to the case of the circuit configuration, it is possible to
I npl ement the functions of the unbal anced vol tage conpensati on and
t he power conversion. Next, with reference to FIG 10 to FIG
15, an explanation will be made regardi ng experinental exanples of

the unbal anced 1Gesed ! 30 dHATRAN TRIrAR G0 PHIMR sle0 ilsNPelres@Rld in the
I nvention. Drawings fromFIG 10 to FIG 15 illustrate neasurenent

data, whi chstep 8hDAI. neh Whens t e oifths B@&7 phrasei mpny enreenitscamtits Deigal
by the unbal anced vol tage conpensator according to the configuration
exanpl e as garasrated BInGthe stepbasubtfents iadgsst flor be podétivieephase-
condition that the three-phase rated |line voltage is 200 V. the

t hr ee- phas SFBXFLS IIRORUIER S 1725 AL the dm@¥iealnd dqaxdicy vpdtage
18.5 kHz, the |ink vol t out.pyt vol ta%e) is 380 V, the l'i nk

e , DC <
capacit§ i $49 _ pﬂi’,tatlﬁ?‘frql‘é’n Sddi1e RS H&ﬁ@ﬂ:&ﬁé‘ép@sﬁﬁeﬁ'ﬁfta&ﬁ&n
20,10 |02 SR o) AR ] Foe s g <o
line curre | S : t o] | d ped th _
unbal ancedn"f/%e} t%%%a%?ﬂn? hg%)r/e%}cl)gg?ég? %#%e?gthﬁlrgrtggﬁdi tT%lgﬁ S_F\m phase
i nfluence iguGAMPad shded WBEIF t e TageeWBeheekB8qaURR2LARAE 2Rrkl-phase

vol tage is conpensated for and the case there is no conpensati on.
Here, the igddtiscesigndppresented,byahev,.,. Then, the phase voltage

10 signals €ian, €ibns €1cn acquired in the step of 5101 are added
to the zero voltage signal e;,, further added to the control
signals Viap, Vigp, and Vig,, thereby generating a gate control
signal.

Then, a triangle wave signal is generated, and by

15 comparing the triangle wave signal with the gate control signal,
a gate pulse signal is generated. Subseguently, the gate pulse
signal is ocutputted to each of the gates of the semiconductor
switching element of the three-phase PWM circuit 200a in the
three-phase converter 200,

20 The step of S107 corresponds to the processes performed
in the adder 30, the dp-axis converter 83, the constant current
control output units 42a and 42b, the dg-axis converter 84, and
the three-phase PWM control pulse generator 200b.

In the step S108, it is determined whether or not the power

25 conversion control process, the unbalilanced voltage
compensation process, and the power factor and reactive power
control are terminated. If those processes are not terminated,

the process returns to the step of S101 and continues, whereas
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fluctuations in the output voltage Vth, and the input current ia, |b,
ic, which are caused by the three-phase unbal anced vol t ages

generated by the instantaneous voltage drop, or the |like. According

to the results of the experinents, it is possible to check the

ef fectiveness of the unbal anced vol tage conpensation control. 5FI G

10 shows chi adedf iasel €8rininhRBACAERe WHEKEr tdihJdiRilorPRRTA Nl baBRess,
eid suddenly dropped to 50% and thereafter it was resuned to 100%

FI G 10A i [Hmustunbalahbedcasetuher eonpensaitdloangatboasdd agend the power
conpensati on was not perfornmed; and FIG 10B illustrates the case
wher e t he uTdsatem el viotacigeve gpgpesss atorrd) awe drdbught ote hen peredent

i nvention was perfornmed. In the case where the unbal anced voltage
conpensat i on was JFethereaRf igteabinpforval tegbnydhenpsogeph wastinate
and t here s shown g favorable performance. FIG 11 and FIG 12 are.
enl ar gefl v}%ﬁs GV Fegmider IRqths epee 9f the w&monids cond igxratingre it
the i nput phase voltage el . .suddenl ropped fro 00%.t o 50% _ an

FlG 15011 IEBPeP bR SnpaBifrEFars SuRRR T Ensl A sh s igksiy e Pl eage
recovered fg M%&r}o&% fﬂeenppc}v;é: W51 heA il Tustrate the case

where the un anced vol tage corpensation was not perforned; and FIG
11B and FIG 20 3B | hyshiad@tdfcLtderiend theigbabangedxyehha¥son
conpensation according to the present invention was performed. It is
possi bl e t avirEatef hadethegdtQin ¢ exipeatindit d1nphmpliesest tie unbal abGed
made a hi gh-speed response fromthe sudden change point. 25FIG 13

i |1 ustniéat esrcd taanpaceonpenshtdbar atteoirdings,tohthet herdagit phasation.
voltage e, of the three-phase AC power source 100 shown in FIG 7 was
dr opped by IBERHiGErEINFIG.udfr he eBIG hel 3 igdtusigiategaeasmrgmen3pdata,
illustrates the case where_the unbal anced voltage con]I_)ens_ati on was
not perfor TBHChA§ ePEpingg when dheathyeenphagecComeeetend suppatanddgd

i i i tion was
vol tage Coqﬂgniﬁg oan%%iordl 9 %81%28eprggﬁggné£¥§¥| according to the

per f or med. ance
configuration example as shown in FIG. 7.
15 Measurement 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 voltage (output voltage) is 380 V, the DC link capacity
is 1,200 pF, the transmission line inductance is 300 pH, and
20 the load resistance is 25 0. Then, from the state where the
three-phase rated line voltage is 200 V and the three-phase rated
line current is 17.5 A, the voltage is suddenly dropped to the
unbalanced voltage and then recovered. Under this condition,
an influence is compared between the case where the unbalance
25 in voltage is compensated for and the case there is no
compensation. Here, the influence is represented by the
fluctuations in the output voltage Vs and the input current i,,

iy, ie, which are caused by the three-phase unbalanced voltages
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As shown in FIG 13B, when the unbal anced voltage 5 conpensati on was
not performed, it is found that there were a | arge unbal ance in
anplitude of input current and di spl acenent of phase angle.

FIG 13 shows an exanple where the power factor is set to "1", and as
shown in FIG 13C, it is found that an effect 10 fromthe

conpensat i it ted By Rl OfrE tih it sl al,ane8deVabdde or the like.
conpensati on of the present invention brought about a tavorable

bal ance botAccordiny itaidteotestibts Npiitteuexperimed tsheiphbs @auxditde to
FIG 14 illustrates the case that the input phase voltage 15 ea from
t he t hr ee- pHesssk ABepefiEectdveness (X dhePuihbaYanasd dradpmae bpmpebsaindn
reached zero voltage. FIG 14A illustrates the input voltages, FIG
14B i | | ust re@®s*ehe case where the unbal anced vol t age conpensati on
was not _perforne nd FIG 14C illuystrates the case where the

ed vol tag'gééogﬁ

unbal ané oFUES SRR I56 8 Ve COESURE? i o
f d.. Th | f G .14 h t ' to. the

Unbal anced W1 1g8 Sansechuat PORBIY CHEHREE She o) b G BRCCRRBRC rek was

vol tage SagAGEHIS oo d4Bokd e i) TR 11108E kB esCYSD WAL [ et 8P he

t
phase voltage ea fromthe three-phase AC power source 25 100 of FI G
7 was dr opRefthMandiilane agRashfseh fEL Z6% ¥akohbBGR riidriied PRI MIE. 1 0B

keep the anplitude and the phase angle of the input current ia, ib,
i, to be nedrlus e s athe tasngeihabesunbdfandéd ivdtddeatempansation

I nput phase voltage drop rate and
100 according to the present invention was performed. In the case
where the unbalanced voltage compensation was performed, the
output voltage V4. was kept constant, and there was shown a
favorable performance.
FIG. 11 and FIG. 12 are enlarged views of FIG. 10, and
15 FIG. 11 illustrates the case where the input phase voltage e,
suddenly dropped from 100% to 50%; and FIG. 12 illustrates the
case where the input phase voltage e;, recovered £from 50% to 100%.
FIG. 112 and FIG. 12A illustrate the case where the unbalanced
voltage compensation was not performed; and FIG. 11B and FIG.
20 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
ia, ip, i. made a high-speed response from the sudden change
point.
25 FIG. 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
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an input current balanced rate. According to FIG 15, in the case
where the unbal anced vol tage conpensation was not perforned (triangle
marks in the figure), when the input phase voltage drop rate was 20%
the input current balanced rate was 67.9% 5 On the other hand, in

t he case where the unbal anced vol t age conpensati on of the present

i nvention Watheiddwdl thavosahd &n $hel s Wals $61 GeriRyrtnedONAdasId he3C
foll ow ng; when the input phase voltage drop rate was 20% the input

current baliroed reties Wae S4s8%hard thkeunibplinced veylitanl aompdnsatéon
was kept in the 10 range from 97.9% to 83. 3% across the overall input
phase vol t @prardmg dte, the gredento WOHBtion was Drerfagweds above
have been obtai ned by the experinent conducted by applying the

unbal anced vol t agé c8hp¥Rsatl oF16f thEB pr &dem FhoerintpHlansegl voltage

representative 5kWRF (Radi o 15 Freqguency) generator, which_ is used
as seni EondiRMRSOSARARMRF DoF B&Eifgﬁﬁlﬁfi,' LEqlf £QyRd Eiat there were a

manuf act urij;ng equi nt, or_the Jike, and.such equi nt J s.capabl e
o achi evi AFsdR B8P aRRE LR S L Gae P 1B0SE G T o 3580 8Raen e
( SEM F47-Q,2£0(Q%14%Q d ired in the sem conductor 20 nmanufacturing
equi prent or the 11ke.” By way of exanple, the maxi num voltage drop

rate and duratiomrgd, Uhe SRS 28GmpAe Gelkiraednen polleryeht#ee $a80set
standard (SEM F47-0200) (1): Percent of nom nal voFt age and duration

of voltage t5ag' 1™ seaDnrds sHowrb@% @1¢.0.13cseqdends. £AandSthAewani 8fEBet
experinmental result of FIG 10 in association with this standard,

when t i@ expsm nemt waspenadtddrdcontirollhédyrepemniormiold agiee dnopalaheed
of 50% and the duration of 1 second in the event of voltage sag, the
vol t age rediditiage wenpeRsation od therpvesenrt asnvenilign Myrquairto ebpiong a
t he vol tage sag conpensati on _according to the unbal anced vol t age
conpensat | FREFEAHE REEfe Rh it AMPdidygte Ofe thel dagE tdrFBpTerfeand

in the neastq{ee%rgsedaénaglv\éa.s extended 5 tinmes |onger than the standard

FIG. 14 illustrates the case that the input phase voltage
15 e, from the three-phase AC power source 100 of FIG. 7 was dropped
by 100% and reached zero voltage. FIG. 14A illustrates the input
voltages, FIG. 14B illustrates the case where the unbalanced
voltage compensation was not performed, and FIG. 14C illustrates
the case where the unbalanced voltage compensation according

200 to the present invention was performed.

The result of FIG. 14C shows that according to 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, from the three-phase AC power source

25 100 of FIG. 7 was dropped by 100% and reached the zero voltage,
it is possible to keep the amplitude and the phase angle of the
input current i,, iy, i. to be nearly balanced in three phases,.

FIG. 15 illustrates an input phase voltage drop rate and
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5 value (= 1 second/0 .2 seconds ) . As descri bed above,
according to the unbal anced vol tage conpensati on and the power factor
and reactive power control of the present invention, it is possible

to conpensate for the instantaneous voltage drop, and even at the

time of 10 instantaneous voltage drop of the input voltage, power is
supplied staplingut g rldat adanktler eheee, LOIPAIENy 1 ¥, 15, in the
configuration of the instantaneous voltage drop conpensati on which
utilizes a «cdsy wperd@Heanbalindsdadlapar ¢anpansa bish aasdtobaktr€bymed
it is possible to achieve a configuration for 15 performng the

I nst ant anedusriegidlagenadrkop igorgen fitlguore,) beiheg simel Heputnpbaze, voltage
longer in life, and lower in cost. In addition, since the storage

devi ce net Pk F@tcayag 28factherinpat ccurrpnlydalanead natenprs 67.9%.
enployed, it is easy to do nmintenance for the configuration of the

i nst ant Anedls §Yt 1ARLBRFPLonpRNERE | BASS 20REES RRPnBRBAL8PREE YRéTage

o 0o S AP A A BRI B G S ey
bal d i h d j .

bl Gnced ol e SOPRAIE LD KL, L0108 B0SRCLLLS o

control is ﬁ{@<=9¥85ﬂta%;l%eéa?oﬁ&%tﬁ%égW,aﬁgﬁtﬂﬂiﬁiﬂjghfgehbeoalance rate

followi ngs; there is lNittle need of new p and equi pnent spendi ng,

the size i syl at.i5e3! huar edecEth by RIrrdntabanantea £heeages detten the
unit, and periodi cal maintenance of capacitor unit can be elim nated.

I n addii0i omaraec frdinngy7 1 9% ttles Binbalaanoed v tevgaraddnpapaatplasandlthge
power factor and reactive power conpensation of the present

i nvent i on, dmvoan ngen tiroe Gecle sl extrene voltage sag, i.e. , in
the event of nearly earth fault, 5 it is possible to performthe
unbal ance conpend&€ &®StGiis fboyse haveahesn qbtplaeghiyethenarngranent

ener gy source. The .caonstant current cqonmand val ue gener at or
gener at es CEPIMFES MY APRISING dhgn balapsed oltage comfensation of

itive- f the _d-axi .g-.axj .
Crgnal 10 Dol SHohRe ATTRENIT v aP: hod b s ope e op Bl g L oRErgto
Slgna|1935%QéﬂﬁéﬂB§ﬂx:g%ﬁé&%tgfltaggicﬁhe&%by1ﬁﬂﬁ?"Q eaFEHEEBn uctor

response by the i1 nput current command signal agal nst t uctuations

of the AC i e dBGRS @%gi%@ﬁ%éiveﬁ W4 uatd 3 Of t RenFalbhPihg

vol tage can be suppressed. On the output side, the current

detector, thmipaldrage det ameorlileed hha ad@del dghephent DEsoutditible of
power signal, and the adder adds the DC out put power signal to the DC
vol t age comatdlevsingnathe wiper€loyrmaneeawdriage sstisfipswhheopeshtagsn sag
unit allows a quick response against the |oad anmount fluctuations 20
of the DC Is@®daidh( HRNDbuF47t 20D §d0 pregydwed andtheppensisesduhbor
excessive fluctuations of the DC output voltage. The

synchr 6RouSeRUFRAA L UFdt SBHRREHEr fedhe sy onous signal, and each

of the dg-axis cqnverters_perfor t conversion accordi to the
synchr onous Signgp'ﬁ9¥ q#oﬁ¥ampfg, Qﬁe maximum vgitage é%%p rate and

duration at the voltage sag, as defined in the voltage sag
standard (SEMI F47-0200) (1): Percent of nominal voltage and
duration of wvoltage sag in seconds are 50% and 0.2 seconds. As
25 shown in the experimental result of FIG. 10 in association with
this standard, when the experiment was conducted with the
maximum veltage drop rate of 50% and the duration of 1 second

in the event of voltage sag, the voltage reduction was able to
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25 three-phase to two-phase or fromtwo-phase to three-phase, thereby
constantly keeping the power factor to 1, regardl ess of whether the
AC i nput vol tages are bal anced or unbal anced. In addition, the
centroid vector operation unit of the present invention detects the
i ne voltage signals of the AC input voltages and converts the

si gnal s t o hasignprldeadearaid dderef &e, éietrf'cﬁ:nﬁ(?@s' Bhe tQoltage sag
conpensate for the instantaneous voltage drop at every neasurenent

poi nt of tigeEnpdregat e s ceirdinthebhehe tuttbaAGIEYSd &vl1dfadeh@ompensation
t hr ee- phase AC power source is three-phase three-wire system or

t hr ee- phasef dire presegyistiamention, thoughotihe bel tagkerdtapdimeatin the
di scl osed enbodi nents and the descriptions of the nodification

exanpl es amegrenRsthplads vesoexterded it tdmesr lengercthan ddhepFigadard
converter, the nmethod for controlling the power factor of the

t hr ee- pRas& R it e, SerRP ML et erRfPdDr - control 1ing the reactive
f the th - ph . ter. Th ent i t 1 ' t
"imted tothose BrBSACTARES. SBRuCr  APOLRERENS bille sraangsd xRytage
dificati 1thqut [ f f L ' ti
Theref ore. SnehiiRiafERHS ity TR, S0 Balori¥8, LBUER, Lifierol

i nvention. of the pFrB8eRECSRPENLIYRNTIOR LBBsEEpRBPES GlhifeBsd B8 IHJH ¥he
which requires a stable power supply being small in voltage 20

fluctuati onmsyadtherdqas sisletagaichabsp serag@ndegéRr Aanutnet Ueing of
equi pnment, in particular. Wat is clained is: 1. A nmethod for

cont r ollDi ngires povemdact ovobtaget dreg- pifasthe dopuér tverltageen power is
is converted by the three-phase converter 5 which subjects

t hr ee- phasSW@iie P\ aiw ckei bef BE doagut t Thereoreonpeipangd to the
a symmetrical conponent cal cul ation step for calculating symretrical
conponent FANRGBIRANIRIS off the Hrsdapiaseons yrdéagsy drem crmpansation

we-phase volt aoes, ol Lhvee;phase AC) nput, of the 10 thrsephase, oo

battery, it is possible to achieve a configuration for
15 performing the instantaneous voltage drop compensation, being
smaller in size, longer in 1ife, and lower in cost. In addition,
since the storage device method such as a capacitor and a storage
battery is not employed, it is easy to do maintenance for the
configuration of the instantaneous voltage drop compensation.
20 Furthermore, since the power factor can be improved, a higher
harmonic wave can be suppressed by the power factor improvement.
According to the unbalanced voltage compensation and the
power factor and reactive power control of the present invention,
in particular when the PFC control is employed, there are
256 advantages including the followings; there is little need of
new plant and equipment spending, the size is drastically
reduced by eliminating the storage device unit, and periodical

maintenance of capacitor unit can be eliminated.
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an average active power operation step for cal culating an average
active power value by using an output voltage value and an out put
current value of a DC output fromthe three-phase converter, 1ba
power factor control step for calculating an average reactive power
val ue, fromthe average active power value calculated in the average
active power opermii aaEHapNd &doiadiRPerd agher  ubasadne’dd voltage
rel ati onshi p anong the average active power value, the average
reacti ve pavsaipatedaigiormndamd poree fpower, PActbe asplageeneadt/evepower
power val ue being associated with the set power factor, a
current commurEnsdiveoyarfertdtel preseep fovenbticul aavery whenurthente occurs
command val ue, fromthe average active power value calculated in the
aver age act3VeX5EaBE WpEkade 6a9stbre - t A8 U gyepigef peasilyveapdnépult.,
val ue calculated in the power factor control step, and the .
symet 1 Pealt oo FRERIRA (@SR, 1he HRPadagnes SORESPIALGEs control
cal culated in the gynnetrigaJ cq&gonent calculation ste

e

: d
2 constant FUAERELOH 1B 370 HPIETY 19 % TRIDOLER T ent
control val ue by ﬁféblg%%%t%ta RAS Y SoRRATY %%%%“g;%n‘é@ l-age \éﬁ%!&?ates
of the three-phase AC voltages to constant current ontrgl, based on

the currenicGBINd cbitid@ @NYadlel NEYENEYE! eNEron Ve Bbsifteve-phase-
t hr ee- phase converter, wherein, a conpensation signal for

conpensat i redudnes sdngsrach o ldmgefe d-d44ie bnbeg-plase vACtwuokt 8dgsals
and a control signal for controlling the power factor are generated,
based df tlmsmhendrite a0rinpuit voitagksyan® thellivalédgencdibierol signal
constant 10 current control step, wye- phase vol t ages bei ng
1202 out ofPasrtsendihenDesattnitthepltage ¢ diensby erakhitng gl belc sgsponse
vol tages and the power factor are obtajned based on the conpensation
si gnal and Bhdhedfmit Suprant sormesyl ShInedn 806 nsity ke fauctuations

bj ti t th - ph to the PWM i f tputti DC
s pener at & ThEoRl BRPEhe A S EnbFRAGEE ¥R E BB EAR hEORS 24 e DC
net hod for OQREI"{(]:Ol‘}th%%%]ECQP\A% g ::Oés&id.the 20 three-phase
accordingto

converter aim 1, furifief conprising a centroid vector

operatign step f@h(¥ﬁéﬂdﬂﬂﬂhﬂwgﬁ&@asﬁhgoéﬁfﬂgﬁtb&%egc%gﬁ? eHE Qbitage
phase wth each other, fromline voltages of the three-phase AC
wherein, 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 active power operation unit
allows a dguick response against the load amount fluctuations
20 of the DC load which outputs the DC output power, and suppresses
the excessive fluctuations of the DC output voltage.

The synchronous signal generator generates a synchronous
signal, and each of the dg-axis converters performs the
conversion according to the synchronous signal “s”, from

25 three-phase to two-phase or from two-phase to three-phase,
thereby constantly keeping the power factor to 1, regardless

of whether the AC input voltages are balanced or unbalanced.

In addition, the centroid vector operation unit of the
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the centroid vector operation step perforns a vector 25 operation as
to all conbinations of two |ine voltages which are selected fromthe
| ine voltages, obtains centroid vector voltages which are directed to
respective termnal voltages froma term nal -voltage centroid
according to the vector operation, and renders the vector voltages
respecti Ve'p&:@@dﬁ"&ﬂ*ﬂ&ﬁ&ﬁ&ié@d@@%é’hﬁﬁ FoA thyeQsaldhnaals RFA%Be AC
with each other, and the symmetrical conponent cal cul ation step

cal cul at es E;pﬂmtvfdlﬂ:aige(mﬁ’pdnedmﬁve’btéagﬂa wdlgnead sot otflead dved-tayase and
bal anced system from the wye-phase voltages of the three-phase AC

i nput of t Hhearshaare erit tisepageiphasto vednperesatbeifingy dhteainetantankeus
centroid vector operation step. 3. The nethod for controlling the
power fact ofolgrageh&ro® Pﬁr%@%d&@%&%@%@@o?ﬁﬁ@“@o%q esfs of
claiml1 and claim2, wherein averaeactlveg

operati8n STt crardS ?-‘ﬁ%t%e?ﬁgEhﬁcmeﬁe hasevakug WW §QUrARg is
an integrat ehd val e of t,he out t voIt e val ue ﬁd t he. out pu _
current vaI ue of X he 15 Out ; | u€*obt Fﬁ?dpwsgunggfi é‘re
a di fferengg gl yeen the output vol tage val ue and a vol tage comuand
value to a%‘é(r oportional -integral control. 4. The nethod for
controlling the pavwehdad Ve thdetetddd Hhae- BRaSE0cRAY MbSHiments and
according to any one of claims 1 to 3(1 or 2), wherein, t he
power factaheaakeetipttienscet alleaheditNeatien aganAas! a¥e i exahples
mul ti plying the average active power value by [(1 - (set power
factor)@) 1/d% (tbet cppwepliartaf )jhe 2hrek -phasenmedhverter, ciom metdhodgfor
the power factor of the three-phase converter according to any one of
clains 1 t CWTEVLING thigepevar factor of thpethyererriage sronoentest, and
step sets the set power factor to be a negative val ue, and

r egener at eH5oMeFNEA ﬁ%ca%ra&élaeﬁ%rsaﬁéﬁ-ve*a%r pEGhe kbrpe-phase

out put Sldegﬁ%ére ACI PRYT Sgg%fy £J¥%§J¥é§3£ azet° QG¥%eJ to those

embodiments, and it is susceptible of changes and modifications

15 without departing from the scope of the invention. Therefore,

such modifications fall within the ambit of the present
invention.

The present invention can be applied to a facility which

requires a stable power supply being small in voltage

20 fluctuations on the load side, such as semiconductor

manufacturing equipment, in particular.
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5 6. A nethod for controlling reactive power of a three-phase
converter when power is converted by the three-phase converter which
subj ects three-phase AC to PWM conversion for outputting DC,
conprising, 10a symetrical conponent cal culation step for

cal cul ating symmetrical conponent voltage values of a three-phase

bal anced sygi{aMmid ra M Pgse vol tages of three-phase AC i nput of
the three-phase converter, an average active power operation step for

cal culating 15 an average active power value by using an output

vol tage val ue and an out put current val ue of DC output of the

t hr ee- phasd .convér metthod for cantmzklimve sppewerchattar off @pthoee-phase
cal cul ating an average reactive power value, fromthe average active
power val ueyegdiesul whed powehd sagenaget od thiyvbhpdiarecomiasd oanyegper
and a set power factor, on the basis of a relationship anong the )
aver age®ac i€ FRRd eFisuER T eAzPRFER dife tOBEY RN REOR 0Fe Uit Aing
power factqr, the average reactive power val ue being associated with
the set poaaé:r' AR S current conmand val ue generation step for

cal cul ating a curf S%&QHEQQ é/o%g:’:ﬁ'll%rfe{ %?V%ﬁﬁa%&%ﬁag?%ggoier\égaggﬁﬁéting

val ue cal culated i hn € average ropératio

average I eaGiinti MV cbabRent! $41 8454 x}dl&é}.eoﬁeé@ﬂr‘é%-%‘é%][e balanced

control step, and the symetrical conponent voltage val ues of the

thr ee- phasesyAG et ragesSweal pHhaE 6fbl tadde oy HAREELpAhsEOADONENIL of the
cal cul ation step, and a constant current control step for calculating
a constlant thras-pidse adnrvdrteat ue by subjecting a

posi ti ve- phase-sequence vol tage val ue of the three-phase AC voltages
to constant curr@m ayemags actdivedpowerheperrtdon stppafidrvahlieudatiing
an input current value of the three-phase converter, wherein, a
conpensat i % §VEKADSf BELETAPRONE iR YD PYURBARERR PUtPUL voltage value

and an output current value ¢f a DC output from the three-phase
converter,

15 a power factor control step for calculating an avefage
reactive power value, from the average active power value
calculated in the average active power operation step and a set
power factor, based on a relationship among the average active
power value, the average reactive power value, and a power factor,

20 the average reactive power value being associated with the set
power factor,

a current command value generation step for calculating
a current command value, from the average active power value
calculated in the average active power operation step, the

25 average reactive power value calculated in the power factor
control step, and the symmetrical component voltage values of
three-phase AC voltages calculated in the symmetrical component

calculation step, and
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10 voltages of the three-phase AC voltages and a control signal for
controlling the power factor are generated, based on the constant
current control value calculated in the constant current control

step, wye-phase voltages being 120Q out of phase with each other 15
for controlling the unbal anced voltages and the reactive power are

obt ai ned based ony £bfseaRPNTAditNcShERel 3 £be c%@.%hﬁ.ﬁltﬁb%%bns%aﬁt
a PWM control signal for subjecting the three-phase ACto the PW

conver si on duxrenit pidintird Pelue Penaisj«ask iingedposiZ@vehphaye-pbasence
vol tages thus obtained. 7.The nethod for controlling the reactive
power of theltasevphaseol dhecrthmre gusaACgreltages ro6orstdiecurrent
conprising a centroid vector operation step for obtaining we-phase

25 vol t agesFUEITFRL 1 2o eduen dheppaseenik eraekl vehae arnd aminmet current

vol tages of the three-phase AC,_ wherein, the centroid vector
operati 8n StEPSRE e BRRLIENAH FMYTES- (el itonbi nat| ons of
two |ine voltages which ar selected f n1the I|n oIt i£§$lns
centroid vector \?oﬁ é'&’eeélﬁﬂéﬁjc% areth

vol t ages f rqu r ender S%{%ngﬂl‘ae%elp%%&'ter %Cd "%%.ql%&%é{'%vtd]o t g%n%%%&oglgnal

operati on, e vecto tages res

wye- phase %d@'é&%ﬁ)m&h e phtlt FHc1r %Q%S%e\ffe&]&t%@(:hbﬁgéﬁr on2Rtle
the synmmetrical conponent™ cal cul ati on step cal cul ates symetri cal

conponent wddsagehty dueertf ddietidl efaidSEa el BEal By Stie cdndradhe
wye- phase vol tages of the three-phase AC i nput of the converter, the
wye- phdge \airtwmges dmipbbgteemed 10 in the centroid vector operation
step. 8. The nethod for controlling the reactive power of the

t hr ee- phase convémesiPh@ssovdlhgges heinel 202 aitaphBasrlwikthigach other

wher ei n,
for controlling the unbalanced voltages and the power factor

are obtained based on the compensation signal and the control
signal, and

15 a PWM control signal for subjecting the three-phase AC
to the PWM conversion for outputting DC is generated, based on

the wye-phase voltages thus obtained.

2. The method for controlling the power factor of the
20 three-phase converter according to claim 1, further comprising
a centroid wvector operation step for obtaining wye-phase
voltages being 1202 out of phase with each other, from line
voltages of the three-phase AC, wherein,
the centroid vector operation step performs a vector
25 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,

93



15t he average active power operation step cal cul ates the average
active power value by adding an integrated val ue of the out put

vol tage val ue and the output current value of the DC output, to a
val ue obt ai ned by subjecting a difference between the output voltage
val ue and a voltage command value to a 20 proportional -integral

control. Gindhed®Rid0enkoiesebtl Pbltages Nee 106t 1 WeL P UL L HRf wyaephase
t hr ee- phase converter according to any of clains 6 to 8(6 or ,

wher ei n, 25tdietagsc tviviccipoass T20R rait séfepltad e uhiitlessd die caﬁtﬁerza,geand
reactive power, by nmultiplying the average active power value by [(1
- (set power facttdre) Zymiyetysicalowemporsndr )dalcul@ i gomted laalduates
controlling a three-phase converter which subjects three-phase ACto

PWM conver SYSENSIFiGrE ARRORLIHC, VRbiaHe sihgies &F nfhe rivege ddmsthent

cal cul ation unit r calculLatin trical onent _vol

val ues B dalinesdRaST T SRS PR RR RO TP A BOPAASE A FaGEe-Bhase

t hr ee- phas (O the t se_con erte an average

active, pondi SRRRENE Sha iy T ERR S e Skt rgees e FBkaRRea

val ue by usjp X %gla/ S A98- éieaﬁl(l)@@t@ﬂ‘ out put current val ue
o% et

of DC out put ree- phase converter, a power factor and
reactive power control unit for calculating an average reactive power
val ue, fromthe average active power value calculated in the average
active pows. 15 oOpies ahé Clodnfér adch BrSELL PP VEtie f OIS , f @Bt dNeobachs
of a relationship anong the average active power value, the average
reacti @ pdimreergihssme aoiverniermactacliong theithlenage ciaimilvengowdaim
val ue being associated with the set power factor,
2, wherein,
the average active power operation step calculates the
average active power value, by adding an integrated value of
the ocutput voltage value and the output current value of the
156 DC output, to a value obtained by subjecting a difference between
the output wvoltage value and a voltage command value to a

proportional-integral control,

4, The method for controlling the power factor of the
20 three-phase converter according to any one of claims 1 to 3(1
or 2), wherein,
the power factor control step calculates the average
reactive power, by multiplying the average active power value

by [(1 - {set power factor)?)!/2

/(set power factor)].

25
5. The method for controlling the power factor of the
three-phase converter according to any one of claims 1 to 4(1

or 2), wherein,
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a current conmand val ue generator for calculating a 20 current
command val ue, fromthe average active power value calculated in the
average active power operation unit, the average reactive power val ue
calculated in the power factor and reactive power control unit, and
the symmetrical conponent voltage val ues of the three-phase AC

vol tages cal cul atiatk ipdidie féeteoyMBBhtr6dl s€epPOReat tKal et fldwit ¥akctor
and a constant current control unit for calculating a constant

current conto de alneyatyisubjaatd ngrdl pegjenera e poweaqudEnthey aveagge
val ue of the three-phase AC voltages to constant current control,
based on t CctiNe eowegoviadne . Elarke thedP@reutpnit séderenttheahQelngfut kdde
t hr ee- phase converter, wherein, a conpensation signal for
conpensat i if fidre IHHBTRRIFY FIRGRELDF - t he t hr ee- phase AC vol t ages
and a cgntrol signal 5 for controlling the power factor are

generat €d, based on the constant current control value calculated in

the constant cur rﬁv%}ettrc%loﬁ rfﬁ’%‘?ﬁ%%f%%in rﬁequi-i%aggw\ég gg%eg%%gianghase

120Q out of phase eac conttol 17 ng e un
vol tages a%ﬁxﬁ_&&?ﬂ“%gfnagbgaérlgs Q'{o‘?l\%l?ctl%' d‘Bg gﬁéeﬂuﬂé-;d}?ase converter
conpensation signal and the control signal, n PV\M control
signal for ygubireeupiediiethbegephiasead\ed SwMho Y -6 08N 8oy ButhAkting
outputting DC is generated based on the wye-phase voltages thus
obt ai ned. Ik llkderinivg ol ler for controlling the three-phase
converter according to claim 10, further conprising a centroid vector
operatilén unit f e syhmetroinglwenpdezert vallcades iloei agep 9 caflcuflating
phase with each other, fromline voltages of the
symmetrical component voltage values of a three-phase balanced
system, from wye-phase voltages of three-phase AC input of the
three-phase converter,
an average active power operation step for calculating
15 an average active power value by using an output voltage value
and an output current value of DC output of the three-phase
converter,
a reactive power control step for calculating an average
reactive power value, from the average active power value
20 calculated in the average active power operation step and a set
power factor, on the basis of a relationship among the average
active power value, the average reactive power value, and a power
factor, the average reactive power value being associated with
the set power factor,
26 a current command value generation step for calculating
a current command value, from the average active power value

calculated in the average active power operation step, the

average reactive power value calculated in the reactive power

95



20 three-phase AC, wherein, the centroid vector operation unit
perforns a vector operation as to all conbinations of two |ine

vol tages which are selected fromthe |Iine voltages, obtains centroid
vector voltages which are directed to respective term nal voltages
from25 a term nal -voltage centroid according to the vector

operation, gHk+SNASH 1 fa@la/%ﬁteoggmét@%alr@&@@&&éﬁ@%ﬁ@a d&alues of

wye- phase vol tages which are 120Q out of phase with each other, and

t he symret ritgal tloosposieide cat Ced Bt & @@s Ukl chd €ad al@Stheé ysymhé t£8dal
conponent vol tage val ues of the three-phase bal anced system fromthe
wye- phase \ainpmesibfcabeuldiien phibepe, AQ1d nput of the converter, the
wye- phase vol tages being obtained in the centroid vector operation
unit. 5 12. The GoRPRBLRRE uraidneedlrehgtepef ehcad oyladd ngoneensgant
according to either of claim10 and claim 11, wherein, t he

aver age®actfWE P& SFavedHeuRY 1 SeRIfet R & PRELEINLapRAgErSeguence

I ddi | t ed I f t 10 t put |
Dol and (IR GHDURIEE P E A PEV TR T e AT PR AS TP apeiie Chtrent
obt ai ned by, sl oct 'bgge %fth%rgﬁffeggté’(\ﬁrﬁr[ﬁnfdh@aﬂf&p&#d XB'J‘[r?pgft \E%‘f‘ént
and a vol tage cormand val ue to a proportional-integral control.

13. The coRfg1Rld & fife %éé’%ﬂé@e%@n@é‘f@é‘fpméﬂwe”er
according to any of clainms 10 to 12(10 or 11) , wherein, t he

power factor anda eagijetsdiow LIGHAD!fdNidonfiydtsesy AW alanced
factor setting unit for setting the power factor, 20 and
10 voltages of the three-phase AC voltages and a control signal
for controlling the power factor are generated, based on the
constant current control value calculated in the constant
current control step,
wye-phase voltages being 1202 out of phase with each other
15 for controlling the unbalanced voltages and the reactive power
are obtained based on the compensation signal and the control
signal, and
a PWM control signal for subjecting the three-phase AC

to the PWM conversion for outputting DC is generated based on

20 the wye-phase voltages thus obtained.

7. The method for controlling the reactive power of the
three-phase converter according to claim 6, further comprising
a centroid vector operation step for obtaining wye-phase
25 wvoltages being 1202 out of phase with each other, from line
voltages of the three-phase AC, wherein,
the centroid vector operation step performs a vector

operation as to all combinations of two line voltages which are

96



an average reactive power operation unit for calculating the average
reactive power by using the set power factor being set in the power
factor setting unit, wherein, the average reactive power operation
unit cal cul ates the 25 average reactive power by perfornm ng an
operation which nultiplies the average active power value cal cul ated

in the average &dd E-dieVele %@W&f‘téﬁ%ﬁé: Mtddds cdPto R W ctor

factor)2)1/2/ (set power factor he controller for controlling

the three- n}mg@wnibﬁrawa@fdwgdtt@ P8Yp &kt LY @it mifatiord Bt dge ® Erom
11) , wherein, the power factor and reactive power control unit sets

the 5 set potermfiaatlevctlldage aentgald\wcamtdiang &ndthie yerdreat epepandon,
of the average active power value, fromthe DC output side to the AC
i nput si de agfd teademse&hghusetounveltages respectively as the wye-phase

5 voltages which are 1202 out of phase with each other, and
the symmetrical component calculation step calculates
symmetrical component wvoltage values of the three-phase
balanced system, from the wye-phase voltages of the three-phase
AC input of the converter, the wye-phase voltages being obtained

10 in the centroid vector operation step.

8. The method for controlling the reactive power of the
three-phase converter according to either of claim 6 and claim
7, wherein,

15 the average active power operation step calculates the
average active power value by adding an integrated value of the
output voltage value and the output current value of the DC
output, to a value obtained by subjecting a difference between
the output voltage value and a voltage command value to a

20 proportional-integral control.

9. The method for controlling the reactive power of the
three-phase converter according to any of claims 6 to 8(6 or
7), wherein,

25 the reactive power control step calculates the average
reactive power, by multiplying the average active power value

by [(1 - (set power factor)?)?/(set power factor)].
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10. A controller for controlling a three-phase converter
which subjects three-phase AC to PWM conversion for outputting
DC, comprising,

a symmetrical component calculation unit for calculating
symmetrical component voltage values of a three-phase balanced
system, from wye-phase voltages of three-phase AC input of the
three-phase converter,

an average active power operation unit for calculating
an average active power value by using an output voltage value
and an output current value of DC output of the three-phase
converter,

a power factor and reactive power control unit for
calculating an average reactive power value, from the average
active power value calculated in the average active power
operation unit and a set power factor, on the basis of a
relationship among the average active power value, the average
reactive power value, and a power factor, the average reactive
power value being associated with the set power factor,

a current command value generator for calculating a
current command value, from the average active power value
calculated in the average active power operation unit, the
averade reactive power value calculated in the power factor and
reactive power control unit, and the symmetrical component
voltage values of the three-phase AC voltages calculated in the
symmetrical component calculation unit, and

a constant current control unit for calculating a constant
current control value by subjecting a positive-phase-sequence

voltage value of the three-phase AC voltages to constant current
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control, based on the current command value and an input current
value of the three-phase converter, wherein,

a compensation signal for compensating for unbalanced
voltages of the three-phase AC voltages and a control signal
for controlling the power factor are generated, based on the
constant current control value calculated in the constant
current control unit,

wye-phase voltages being 1202 out of phase with each other
for controlling the unbalanced voltages and the power factor
are obtained based on the compensation signal and the control
signal, and

a PWM control signal for subjecting the three-phase AC
to the PWM conversion for outputting DC is generated based on

the wye-phase voltages thus obtained.

11. The controller for controlling the three-phase
converter according to c¢laim 10, further comprising a centroid
vector operation unit for obtaining wye-phase voltages being
1202 out of phase with each other, from line voltages of the
three-phase AC, wherein,

the centroid vector operation unit performs a wvector
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 1202 out of phase with each other, and

the symmetrical component calculation unit calculates
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symmetrical component voltage values of the three-phase
balanced system, from the wye-phase voltages of the three-phase
AC input of the converter, the wye-phase voltages being ocbtained

in the centroid wvector operation unit.

1z. The controller for controlling the three-phase converter
according to either of claim 10 and claim 11, wherein,

the average active power operation unit calculates the
average active power value by adding an integrated value of the
output wvoltage value and the output current wvalue of the DC
output, to a value obtained by subjecting a difference between
the output voltage value and a voltage command value to a

proportional-integral control.

13. The controller for controlling the three-phase converter
according to any of claims 10 to 12(10 or 11), wherein,

the power factor and reactive power control unit
comprises,

a power factor setting unit for setting the power factor,
and

an average reactive power operation unit for calculating
the average reactive power by using the set power factor being
set in the power factor setting unit, wherein,

the average reactive power operation unit calculates the
average reactive power by performing an operation which
multiplies the average active power value calculated in the
average active power operation unit, by [(1 - (set power

factor)?)!/?/(set power factor)].
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14. The controller for controlling the three-phase converter
according to any of claims 10 to 13(10 or 1ll1), wherein,

the power factor and reactive power control unit sets the
set power factor to be a negative value, and regenerates power
of the average active power value, from the DC output side to

the AC input side of the three-phase converter.
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