|

10

20

1 DESCRIPTION RECTIFIER CIRCUIT AND THREE-PHASE
RECTIFIER DEVICE Technical Field [0001] The present invention relates
to rectification techniques, and particularly to a 5 field called multiple
rectification. Background Art [0002] With the widespread use of inverter
equipment, increasing amounts of harrhonics are generated due to the
loads of rectifiers. This increases the possibility of overheating or
breakage of phase advance cappgitarg gngdransformers of power
systems 10 due to the harmonic current. Therefore, there is a demand to
suppresR bamiank s ok (el Teckifie d dREEAP bt 8ih & Off TR RaSIS \OIGE
three-phase power supply (for example, JIS standard JISC61000-3-2).
[0003] In'echommnbrlthree-phase rectifier circuit, six steps appear in one
period of the current waveform. In general, with an n-step current
[Y0aNéforihahedswestonden 184arrimetisioftne (peitaudhendtperticularly to a
harmonic content with respect to the fundamental wave is 1/n, and so the
figtthcaHadsaydinle ReriisalYsignificantly appear. [0004] Accordingly,
techniques for suppressing harmonics are proposed, for example by
Non-Pateat BHPﬁI? s 1 and 2 and Patent Document 1. These schemes

@?9 ta‘fggchng?qilzje clglled multiple r%cti,fication, and Non-Patent . s of
(B8ehmentd™ St YHREISEE 26°te HniBUSETh WRIRBEEN SPPETHHasEnounts ©
currents generates 12 pulses,in one period,.and. twg rectifier circuits are., ...

R L L R R e R U ey o

o@z’%rhje%f&'g %f?h %%ﬁ%gh%%g&g#?&?%gﬁdgﬁﬁég L PRSHREML AISHOSES 2 of pawer systems

techniqu ase currents generates 18 pulse

dABePEHAty AR INERSRCUTIRL CIFGHItSIRMR cORRRATIECHIRPAAHICLIN IR RAL of the
(this technique is hereinafter referred to as 25 "18-pulse rectification”).

régring thesetrehrinugsielimisates thefifthyisevemticPupply (for example, JIS
standard JISC61000-3-2).

f0003] In a common three-phase rectifier circuit, six steps appear in one period of the
current waveform. In general, with an n-step current waveform, the lowest-order
harmonic 1s of the (n-1)th. Then, the harmonic content wifh respect to the fundamental
wave is 1/n, and so the fifth and seventh harmonics significantly appear.

[0004]  Accordingly, techniques for suppressing harmonics are proposed, for exampie
by Non-Patent Documents 1 and 2 and Patent Document 1. These schemes adopt a
technique called multiple rectification, and Non-Patent Documents 1 and 2 disclose
techniques in which each of polyphase currents generates 12 pulses in one period, and
two rectifier circuits are connected in parallel to the load (this technique is hereinafter
referred to as “12-pulse rectification™). Also, Patent Document 1 discloses a technique
in which each of polyphase currents generates 18 pulses in one period, and three rectifier

circuits are connected in parallel to the load (this technique is hereinafter referred to as

“18-pulse rectification”). Adopting these techmiques eliminates the fifth, seventh, or
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2 eleventh, thirteenth harmonic components. [0005] Non-Patent

Document 2 provides an additional coil to an interphase reactor

connecting the outputs of two rectifier circuits together, in order to improve

the current waveform in 12-pulse rectification. Alternating current is

applied to the coil, so as to 5 inject a clirrent into the interphase reactor.

This improves the current waveform inputted to the transformer for
clohiaiming fheniZuses ot eupenin{006] However, injecting a current into

an interphase reactor with an additional coil, as described in Non-Patent
[0D@gumdhny sequildscapphyiny meodiplicateddnaveiormltocthe codrphase reactor

Non-Patent Document 2 avoids such a complicated waveform, and
ccapppligsgatid drimmgutdt wave doftbeccoiliisutoeshediStortider remuiproire thie current

input current as a natural result. Also, the device for injecting current into
wenelterphaderbsctortisietifiyurédiccomiplicatednt braBbphiatdhootapeso as to
_source is required. [0007] Choppers described later in the preferred )
ingHgoeRENtS RS MiPGIIESY HivaRioh-PARHDBICTERE SUHsToveE] Pafeinputed

Document 1: Japanese Patent Laid Open No. 59-15475 (1984)
N BB TRE kAR 85 d M%&S}Kﬁ%%lve-pulse Converter with

transformer Connection”, The.Institute of Electrical Engineers of.... )
1994 S S B R, 6 CHE T A GBS K3 Batan 5 Sitigne! coil
aszc:lesscerv\(a%g %ﬁ@(l)’ E)P 9] r?%)%’u?fﬂ'ﬁ? 2% du%flés %"Jm}é}inA azg)%%\fyc%?et .%aveform to the
Interphase reactor for 12-pulse rectifiers pro |8 S Clean power utility

cAterRea plRRE iR dNd 2 ARRIGR s Rl% %nﬂﬂic@t&p w]a%ﬁ]rg’ 1hg applies a

(1996) Non-Patent Document 3: Takao Hirasa, "Power Electronics”,

Y OUISURRRRAR O, G BRn 7#s80+ibR%2 Risclosune: ahihe LaveRtian a natural

25 [0009] The present invention has been made by considering the
rRipPleMEabOvedanek for injecting current into the interphase reactor is configured

complicatedly, or a separate voltage source 1s required.
[0007] Choppers described later in the preferred embodiments are introduced in
Non-Patent Document 3.
[0008] Patent Document 1: Japanese Patent Laid Open No. 59-15475 (1984)

Non-Patent Document 1: Hisao Matsumoto, “Twelve-pulse Converter with
Autotransformer Connection”, The Institute of Electrical Engineers of Japan,
Transactions B, vol. 96, no. 8, pp. 406-412

Non-Patent Document 2: Sewan Choi, P.N. Enjeti, H. Lee and LL. Pitel: “A
new active interphase reactor for 12-pulse rectifiers provides clean power utility
interface”, IEEE Trans. Ind. Applicat., volo. 32, no. 6, pp. 1304-1311 (1996)

Non-Patent Document 3: Takao Hirasa, “Power Electronics”, Kyoritsu Shuppan
Co., Ltd, pp. 77-90, 1992

Disclosure of the Invention

[0009]  The present invention has been made by considering the problems above, and
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3 an object of the present invention is to provide a technique by which

currents flowing in a transformer for outputting plural sets of three-phase

currents given to a multiple rectifier circuit are easily made close to

sinusoidal waves. [0010] According to a first aspect of the rectifier circuit

of the present invention, a 5 rectifier cifcuit comprises: a first three-phase

diode bridge (31) having three input ends (31U, 31V, 31 W) and a pair of
aPHHRN: 8Pes: (3LE 31N ):mald Rt fresipRasediode Bidas1PRRMING fowing in a

full-wave rectification to currents (1.1, i"i, i;1) inputted to said input ends to

tiRpR st (eepliethcpigat dd)oandQuindting saidsfirstdeatified . aupentctifier
from one (31P) of said output ends; a first chopper (41; 43) having a pair

ciehouiputaiigsitddeR1 AN d043Rak3tNesaid first chopper performing a
first chopper operation to receive a current having a fundamental
[Foéquensyafrdifipstval e asigaid fusthectiftedi eurientjtan$abendesent invention, a
three-phase diode bridge (32) having three input ends (32U, 32V, 32W)
reghiflea phaiudf contpuisesndsi@2 a2 M) asaid sde bnd ghréd-phadeadibe input ends
bridge applying full-wave rectification to currents (i"2, i2, i2) inputted to _
(5did I PuréMdsaesichrainy seconands rathifiédNtusadt e randbsgpdieigbrdge
said second rectified current from one (32P) of said output ends; and a
Rl EHo PR (48 A0 toaVIAGITSAIS dioutisut enbiEnpsied AoNaidqipput ends to

44N), said second chopper performing a second chapper operation to
RRNe bR AT ALy O ot A Gt from one

| cond rectified current. Said of autput ends of said fir tc?o '
(iﬁﬁé‘tg 5 ) outg]m e?gs AT t% Ospeﬂ?}p ?efli Ig?té%v%: alr o1 outpuf e esgé?rflg, 41N,

a 0!
pair of output ends con PPET are" connec

49?,@'%?\'1-)9[%9%111&?0@?;@?95? S daa%&’&c&%‘;é;g& rc?c“fé?tléﬁiﬁguri&%\ﬂéea current

present’invention, t ectifier circuft of the first pect further comprises

hgﬂﬁgtﬁfﬁl}ﬁ‘z%ﬁ%%ﬁt% 1%%@1&999@1%@9 E%iﬁai}gsip%ﬁ%'ag%ﬁzfréﬁjga second

first three-phase diode bridge (31) and in which the currents (i"], i"1, i,,,i)

ﬂM&%éQﬂﬁ%@ B'lﬂi#ee(m ilﬁwzlgﬁﬂ%?gﬂpég%%@iQ9i9,83tikbf93@$p?%ﬂfa pair of
the rectifier circuit of the present invention, the

output ends (32P, 32N), said second three-phase diode bridge applying full-wave
rectification to currents (iy, iy, iw) inputted to said input ends to obtain a second
rectified current (i4;), and outputting said second rectified current from one (32P) of said
output ends; and a second chopper (42; 44) having a pair of output ends (42P, 42N; 44P,
44N), said second chopper performing a second chopper operation to receive a current
having a fundamental frequency of said first value as said second rectified current.  Said
pair of output ends of said first chopper and said pair of output ends of said second
chopper are connected in parallel.

[0011]  According to a second aspect of the rectifier circuit of the present invention, the
rectifier circuit of the first aspect further comprises an interphase reactor (71) which is
connected to said input ends of said first three-phase diode bridge (31) and in which the

currents (ig1, 1v1, lw1) Inputted to said input ends flow.

[0012]  According to a third aspect of the rectifier circuit of the present invention, the
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4 rectifier circuit of the first aspect or the second aspect further comprises
an interphase reactor (72) which is connected between said first
three-phase diode bridge and said first chopper and in which said first
rectified current (idi) flows. [0013] According to a fourth aspect of the
rectifier circuit of the present invention4n 5 the rectifier circuit of the first
aspect, said first chopper (43) comprises: a first inductor (411) in which

resplifPreteagtifipd current (di) figws; a icst, digde. (¢ VNG ANB09H8 erphase
( ff’ of&éalc? sal ?I %

connected to said one (31 output ends of rst three-phase

reqasileﬁzzi A8 Lk taroien $aidfiest InduGies, ARd-a,5 B A CMREEIeAQuid first

one (43P) of said output ends of said first chopper; a second inductor

cidddareeanaciestiosthe etharBaMN) afisaideyimutWd ends of said first
three-phase diode bridge; a second diode (434) having a cathode

[(Eanhectadde aid othab (3hNyafcsait utputicedsiehsaid fisstiveatghasion, in
diode bridge through said second inductor, and an anode connected to

tithecottien (@8N)tofiSaie Dutpaspeendsiof Said drspphopifercanpraswitdhisiginductor
element (412) having a first end connected to the anode of said first diode

(4drid i seshdaddicsnmected tortivatanodéovsaidizecdindd GHdfodevaagn anode
switching element opening/closing between said first end and said second

CMBCIHIE SEEcS EhOPpseid peETHpFISEe et dindUessr e phadgtheee 1)
said second rectified. current (id2) flows; a third diode (423) having an

thariefe b hBedatir Sidrhé (a0 b uliEcEtrttaRdd I safcbadcpaut ends of
thyee-phase diode bridge (32) through said third inductor, an athode

SR LA Snd (AP o B SR ST A S HAEHA par? b ard ot
o e Al S TGl B coe

ccgéi\r{ééé}%% £ Q%‘%%?é‘i%ﬁ@ﬂeﬁ 85“&%@8%21\%%%%? WipEad %%?%%%:&889 bridge

ase diod hrough sa inductor, and an

r80PEGIed Ladhegther g4 Phsaid autput s of, said oﬁﬁgpnwmpgﬁﬁ output

and a switching element (422) having a first end connected to the anode

eisait2a Hisd diggieand fseeans endicornecied)igdhe 2eHa ehdaithnected w
fourth diode, said switching
the anode of said first diode and a second end connected to the anode of said second
diode, said switching element opening/closing between said first end and said second end.
Said second chopper (44) comprises: a third inductor (421) in which said second rectified
current (142) flows; a third diode (423) having an anode connected to said one (32P) of
said output ends of said second three-phase diode bridge (32) through said third inductor,
and a cathode connected to one (44P) of said output ends of said second chopper; a fourth
inductor (441) connected to the other (32N) of said output ends of said second
three-phase diode bridge; a fourth diode (444) having a cathode connected to said other
{32N) of said output ends of said second three-phase diode bridge through said fourth
inductor, and an anode connected to the other (44N) of said output ends of said second

chopper; and a switching element (422) having a first end connected to the anode of said

third diode and a second end connected to the anode of said fourth diode, said switching
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5 element opening/closing between its said first end and said second
end. [0014] According to a fifth aspect of the rectifier circuit of the present
invention, in the rectifier circuit of any of the first to fourth aspects, said
first chopper and said second chopper are both step-up choppers. 5
[0015] According to a sixth aspect of the rectifier circuit of the present
invention, in the rectifier circuit of any of the first to fourth aspects, said

eﬁfﬁémﬁg@a%%ﬁé&fﬁ@m srugevadihigadisaign, on the
sofa

basi first modulation wave having a carrier frequency, and said

[(®8eqnd sbapiaaioaper EaNakpeariraleddoy fese-wie bt RO MOBNINS), in the
basis of a second modulation wave having said carrier frequency and 10

rdoeifigr inieppaositenphaSeh¢ofsaid dirktumbdulation waveifO0hoppacandingidosecond
a seventh aspect of the rectifier circuit of the present invention, the
cheprifiereibotit Wé@ny dichedisst to sixth aspects further comprises a
smoothing capacitor (5) connected in parallel to said output ends of said
(M58 bhopperramg said soutpasnesteothsaldcsids rirend s ehelBr oot Apvention, in
According to an eighth aspect of the rectifier circuit of the present o
thaVERRBE, FFciHE seciiep ittt dnyortherfirseto saldhirtapwRy, fipsration is
three-phase alternating currents (i01, i,n, i,,,n) are inputted to said input

ciERdIes1RY BHE BN Brosirdon: OthiBe Dhis Q dfollEbmagu plipp avave having a
fundamental frequency.of said first three-phase .alternating currents is .

LEEE B nATTE T Sl rSL VRN SRETEARE e VRS sk e widh

n?ﬁ%gﬁég”%E%E:eﬂ‘ts%sh%}"é‘%e@o‘% %&ﬂﬁ%‘? differences;ab 129 dearees at ey and
the undlzlimental ?requency, and secon ?ﬁree-pehase ernatlng curre%ts

bl 2R 2R APt 40 saif JRRULERGR(ILY, 31V, 31W) of said

second three-phase diode bridge (32), a fundamental frequency of said
[sergnd M%&Hg%g alternatingpurrentsys saldmgcardivalverrRnghaxingvention,

mutual phase differences of 120 degrees at the fundamental frequency,
tanetydiRietthere 2ais aphasedifieranas okg-tdeders ald@rises a smoothing

fundamental frequency between said first

capacitor {5) connected in parallet to said output ends of said first chopper and said
output ends of said second chopper.

[0017]  According to an eighth aspect of the rectifier circuit of the present invention, in
the rectifier circuit of any of the first to seventh aspects, first three-phase alternating
currents (iy1, 1vi, Iw1) are inputted to satd input ends (31U, 31V, 31W) of said first
three-phase diode bridge (31), a fundamental frequency of said first three-phase
alternating currents is a second value that is 1/6 of said first value and said first three-hase
alternating currénts having mutual phase differences of 120 degrees at the fundamental
frequency, and second three-phase aiternating currents (i,s, iy, lw2) are inputted to said
input ends (31U, 31V, 31W) of said second three-phase diode bridge (32), a fundamental
frequency of said second three-phase alternating currents is said second value and having

mutual phase differences of 120 degrees at the fundamental frequency, and wherein there

is a phase difference of 30 degrees at the fundamental frequency between said first
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6 three-phase alternating currents and said second three-phase
alternating currents, and wherein said first three-phase alternating
currents and said second three-phase alternating cur-rents each have a
waveform which: (i) exhibits a crest in each of first and second sections
both of which continue in correspondeﬁce with a phase length of 60
degrees at 5 the fundamental frequency; (ii) exhibits a trough in each of
theenfnueus mmbf.degreatsastionsd ineash ohibirglane fourhsegtiontents, and
both of which continue in correspondence with a phase length of 60
wilegieasidtiketiuncanantaléraquencyand @i exhibisadlatter-fhese afiernating
compared with said crests and troughs, in each of fifth and sixth sections
cumtrioh @ohréspond tareefiasevieniytiiinfBditsgreascat thechghdaimentaind second
frequency and which are 10 separated by said first and second sections
segFipysStn pirer il fouttnuseitieprseIDonBINAe coHimgPlrse i nep & érgrees at
the rectifier circuit of the present invention, in the rectifier circuit of the
thg; dipdanapiet, TReURRRS 6N ST EEh DR T 1R S RN S HRA R -dearee
currents and said second ;%ree-phas’e alternating %Jrrents exhibits a

SGEHRuMRr SRV it dt RS o ST Qe ABHS 01 56 SPARRBTdih g8 Spondence
tenth aspect of th ctifier circuit of.the present.invention, in the rectifier .
w1(tah aﬁﬁgr?%hlgn {hhc% 8% écé%rte’:el% ast atllhc? 1£|‘rls gtaé%f: 1 E EqUEns ’,)ﬁl}% é}éﬁ/@ l%%lts %ﬂatter

1 I
Circu [0} asp ourtn section erormo

fo%%cgsqﬂ%%%%-grs\twtlm%%iﬁ’ré?ess alferatng ey %Q&?} %'P%ft 'gnst?%?{ﬁg sections which
three-phase alternating currents exhibits a waveform formed by

c&‘?E@ﬁéﬂﬁ‘ %aacgﬂé’s% AL SMlRagAvaveie M iat A singsidalyvaye which are

exhibits from 0 degreeto 30 degrees and a waveform that is” 20 left-right

se?ﬁi’éﬁ@@tﬁkc@sﬁ@ﬁﬂﬁ e 19820k ArREINGs 9B it AsPerkaf (B&ions.
three-

phase rectifier device of the present invention, a three-phase
[vectifier deniegconopiisashthe eeetifianeireritfagcarding do @pyaisdheifivehtion, in

to tenth aspects of the present invention; and a three-phase transformer
tH@ y¢baficredatuasahee-ghase spuenthidiaal dfokna fdndamental drégstethese-phase
of said three-phase 25 currents is a second value that is 1/6 of said first
alatugiapdsaddithree-phidsecour ¢imis:-phase alternating currents exhibits a triangular
wave in said first to fourth sections.
[0019]  According to a tenth aspect of the rectifier circuit of the present invention, in
the rectifier circuit of the eighth aspect, in said first to fourth sections, the waveform of
each of said first three-phase alternating currents and said second three-phase alternating
currents exhibits a waveform formed by combining a curve that is similar to a waveform
that a sinusoidal wave exhibits from 0 degree to 30 degrees and a waveform that is
left-right symmetrical to the curve.
[0020] According to a first aspect of the three-phase rectifier device of the present
invention, a three-phase rectifier device comprises: the rectifier circuit according to any of
the first to tenth aspects of the present invention; and a three-phase transformer (2) that

receives three-phase currents (i, 1y, lw), @ fundamental frequency of said three-phase

currents is a second value that is 1/6 of said first value and said three-phase currents
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7 having mutual phase differences of 120 degrees at the fundamental
frequency, and that outputs first three-phase alternating currents (i,1, ivy,
i,,,/) having phase differences of 15 degrees at the fundamental
frequency respectively from said three-phase currents, and that also
outputs second three-phase alternatinj currents (i"2, iv2, iu2) having
phase differences 5 of 30 degrees at the fundamental frequency from said

hdirictirearhase cuirateciR021] Acaeding 10 #secandRsReot &Ry, and that

three-phase rectifier device of the present invention, in the three-phase

otigalifi€trdeyice -phike finghaspectusaitkinipephdse teansiothes (@ferences of 15
comprises three autotransformers (21, 22, 23) each having a primary

degiedirg (&1inZ2theA82 fiaqdeaseacopeaiyalyiftingst2d thr22ph232)woupdeshd that
with said 10 primary winding and having a center tap, said primary
algirditryés ot saiid three-phatorbpsfoineesrarntelita-corinededingmhawidifferences
center tap of each said autotransformer is connected to a connection
ohdirtegueay aheindonaeeldspunor Sam B WisamRhascotHEE AN
said primary winding coupled with said secondary windim}g to which said

[0 der 1A5BEBRG L0 Poorondparsch finBerdhacthntras pediisiHavice of the present
BT T A
R ST e Ao R
T e e okl vith said

pREMET RRRIAE Inividually canpegied %Eh@i?dc%ﬂﬁ&@p%ﬂﬁﬁﬂ% (Y Vonid three

W) at which a'pair of said primary windings are connected together. [0023]

ameaardivehierthe diml asReckRalticrdasidhe eighth ortenth aspactsufhiii8mer is

rectifier circuit of the present invention, when a smoothing capacitor is
coprrected incpaairligthe pairof aotpu ensseitheptisbeheapeiang windings

the pair of output ends of the 25 second chopper, and first three-phase

otharremds Bavdngrarfundeinéinial doegiseneytbdf said secondary winding to which said
center tap belongs.

10022]  According to a third aspect of the three-phase rectifier device of the present
mnvention, in the three-phase rectifier device of the first aspect, said three-phase
transformer (2) comprises: three primary windings (211, 221, 231) corresponding to
respective phases; and three secondary windings (212, 222, 232) coupled with all of said
primary windings and each having a center tap, and wherein said primary windings are
delta-connected, and said three center taps are individually connected to three connection
points (U, V, W) at which a pair of said primary windings are connected together.

[0023]  According to the first aspect, particularly the eighth to tenth aspects, of the
rectifier circuit of the present invention, when a smoothing capacitor is connected in

parailel to the pair of output ends of the first chopper and the pair of output ends of the

second chopper, and first three-phase currents having a fundamental frequency of a
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8 second value that is 1/6 of the first value are provided to the first
three-phase diode bridge, and second three-phase currents having phase
differences of 30 degrees from the first three-phase currents are provided
to the second three-phase diode bridge, then the currents flowing in the
transformer for outputting the first and §econd three-phase 5 currents can
be made close to sinusoidal waves. Also, the do component of voltage

sccdndRaeentialied satitudesavatthaconiiolis rerermediikdisinge diode bridge,
choppers. [0024] According to the second aspect and the third aspect of

artfieseectifiehedecyit-of therdeSentihpyeRian davesnshenfasnetdsatpoidm the first
corresponding to the first three-phase currents and a neutral point

theeerpBpandingetosthecsecoviddihree-fiwasecoutt ethtsaphazot diddasbladed, then the
and zero-phase voltage having a fundamental frequency of a third value

cthanis livafighefitbe visdoelisrgendrated;titigippsdibl ity supbressrelriaet-phase
flowing on the basis of the zero-phase voltage. [0025] According to the

CHEGRE s8pdet BRtclusstifer tiufed pTRErestiseitbe sgivmreneré phedeage can
reactor is required. 15 [0026] According to the fifth aspect of the rectifier

beirenit VIR &IHbRI TG ERE SATHN IHELHHBEH SRS EHAER Ean be

controlled, and.dc voltage higher than the peak value of the power-supply
((itage Siined f%@ﬁ%‘ioﬁ%é’é&ﬁﬂgaﬂﬁlﬁ]i‘s Ui BB P T i i of he

circuit of the .present invention, ripple having the carrier frequency is

PIETLel 50 0oB] Rocihding 5 e SeU et LSEEY 6 the rechied Cy e Phese
present i tion, .. th t.volt the QO&%

e e L e I b il e o

SAEMIGEI QLS PLESRIL OVRIORa 5 RORSIBIE 0 RYVAR ARDIOPHRIEPHIR tha i

respectively to the first three-phase diode bridge and the Second

1threedrhase digde; bridae. o [P30)thaserngathereRigstE o {eAMIIEShe basis of
aspects and advantages of the present

the zero-phase voltage.

[0025]  According to the fourth aspect of the rectifier circuit of the present invention,

no interphase reactor is required.

[0026]  According to the fifth aspect of the rectifier circuit of the present invention, the

dc component of voltage can be controlled, and dc voltage higher than the peak value of

the power-supply voltage is obtained.

[0027]  According to the sixth aspect of the rectifier circuit of the present invention,

ripple having the carrier frequency is reduced.

[0028]  According to the seventh aspect of the rectifier circuit of the present invention,

the output voltage can be smoothed.

[0029]  According to the first aspect to the third aspect of the three-phase rectifier

device of the present invention, it is possible to provide appropriate inputs respectively to

the first three-phase diode bridge and the second three-phase diode bridge.

[0030] ‘These and other objects, features, aspects and advantages of the present
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9 invention will become more apparent from the following detailed
description of the present invention when taken in conjunction with the
accompanying drawings. Brief Description of the Drawings [0031] [FIG. 1]
A circuit diagram used to describe a first preferred embodiment of the 5
present invention. [FIG. 2] A circuit dia&ram illustrating the configuration of
a first three-phase diode bridge 31. [FIG. 3] A circuit diagram illustrating

it genfiguratian ot asaconshhiaerhasa digde i id2ildd tRleriflidh of the

circuit diagram illustrating the details of a three-phase transformer 2.
piEdéat SlvAmhaseneiageaminlustfatingviolial ese adadhndidhpatiswah ke
three-phase transformer 2. [FIG. 6] A graph illustrating desired waveforms
of curreBisef ThefbitiGidt & graph-lkisirating the waveforms of currents.
[FIG. 8] A graph illustrating the waveforms of first and second rectified
[@Hrrentd HKIGL ]9 ceeapididgsaratingct e dossiaforarioft quefered [FrGodidjent of the
graph illustrating the waveforms of currents. 20 [FIG. 11] A circuit diagram
PIREHAAHE AR of the configuration shown in FIG. 1. [FIG. 12] A circuit
diagram illustrating a configuration for ge_nerating%%j%nals _on the basis of

data pieldd§’ [FHIGY LECATCHAsTMabIAHAINEAS AeREAREPacRbRdirst three-phase

dﬁ)rg qugeeg?podlment of 25 the present invention.

[FIG. 31 A circuit diagram illustrating the configuration of a second

three-phase diode bridge 32.

[FIG. 4] A circuit diagram illustrating the details of a three-phase transformer

[FIG. 5] A phasor diagram illustrating voltages in individual parts of the
three-phase transformer 2.

[FIG. 6] A graph illustrating desired waveforms of currents.

[F1G. 7] A graph illustrating the waveforms of currents.

[FIG. 8] A graph illustrating the waveforms of first and second rectified

currents.
[FIG. 9] A graph illustrating the waveform of current.
[F1G. 10] A graph illustrating the waveforms of currents.

[FIG. 11] A circuit diagram illustrating parts of the configuration shown in FIG.

[FIG. 12] A circuit diagram illustrating a configuration for generating signals

on the basis of data pieces.

[FIG. 13] A circuit diagram used to describe a second preferred embodiment of

the present invention.
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10 [FIG. 14] A circuit diagram illustrating a modification of the second
preferred embodiment of the present invention. [FIG. 15] A circuit
diagram used to describe a third preferred embodiment of the present
invention. 5 [FIG. 16] A circuit diagram illustrating a configuration for
generating signals on the basis of dathopieces in a fourth preferred
embodiment of the present invention. [FIG. 17] A circuit diagram

illustratifrgdhe Acquisiion @k data nandueied whedia Ginetdass eshin preferred

the third preferred embodiment of the invention is used. [FIG. 18] A graph
entibisdiating «litre ptasatuesvexhihited when the configuration 10 shown in

FIG. 12 and the configuration of FIG. 17 are used. [FIG. 19] A graph

illustratifdg@uirdn vatues dichibitedsadhen theccdrfiguhatioprestrosdneimtrelGment of

16 and the configuration of FIG. 17 are used. [FIG. 20] A circuit diagram
thpsesatihgreemisdification of the fourth preferred embodiment of the

present invention. 15 Best Mode for Carrying out the Invention [0032]

First PréfatretOEMmisouiHetiesran i siEragitdrsaeiraten foraxaipang signals
first preferred embodiment of the present invention. A first thre%l%hase )
B BIRI SR HCEEIRA TARED- PrrisdisadasivGR" 82 e frsserdppertion.
41, and cond, chopper, 42 consfitute a rectifier circuit. The, 20 rectifier
crout Bl ool AP B HETGEhAY 5 Db hg CALSERBNS, G Condiced when
at&gﬁip&‘é‘aﬁﬁg IS @%Z %?Q%'ﬁg%%%ﬁ&%&egﬁg%?%?{iﬁ%%“ﬁ%ﬁ E’f&’é‘éﬁ.

together with the rectifier circult. ree-phase transformer 2

receive me%ﬁ%sﬁi?éﬂr M %,cmmaqué@r&?ﬁ%@@aev&%\ev%é;@&hfgumﬁm

1, and outputs first e-phase alternating currents 1.1, ir,1, iwl an

sB6GARM teee Phase Al IRl EHIFe R UL 421225 [0034] The

three-phase power supply l'includes a U-phase power supply 101, a
[FIG. 19} A graph illustrating current values exhibited when the configuration

shown in FIG. 16 and the configuration of FIG. 17 are vused.

[FIG. 20] A circuit diagram illustrating a modification of the fourth preferred
embodiment of the present invention.

Best Mode for Carrying out the Invention
[0032]  First Preferred Embodiment

FIG. 1 is a circuit diagram used to describe a {irst preferred embodiment of the
present invention. A first three-phase diode bridge 31, a second three-phase diode
bridge 32, a first chopper 41, and a second chopper 42 constitute a rectifier circuit. The
rectifier circuit may be grasped as including a smoothing capacitor 5. A three-phase
transformer 2 constitutes a three-phase rectifier device together with the rectifier circuit.
[0033] The three-phase transformer 2 receives three-phase currents iy, 1y, ly from a
three-phase power supply I, and outputs first three-phase alternating currents iy, i1, 1w
and second three-phase alfernating currents iy, vz, fw.

[0034]  The three-phase power supply 1 includes a U-phase power supply 101, a
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11 V-phase power supply 102, and a W-phase power supply 103,

respectively generating three-phase voltages e,,, e, ew. The U-phase

power supply 101, the V-phase power supply 102, and the W-phase

power supply 103 respectively supply the three-phase currents i,,, iV, iw.

5 [0035] The first three-phase diode b%lge 31 receives the three-phase

currents Li, i"i, iwi, and outputs a first rectified current idi. The second
Vibree:phase digdsbridge.dd Jegepesdneieemhbase GUigRiscwIV Zenerating

iw2, and outputs a second rectified current id2. [0036] FIG. 2 is a circuit
thehagtant ilustsatng the, cenfigmation gidhe fissidhreemhasy  diede biidge power

31. The first three-phase diode bridge 3 1 has input ends 31 U, 31V, 31
suppl30 1d3d andpuitenitispBife aed-&1bLipBpplés kspavavelyeotifidation tithe phase

currents inputted to the input ends 31U, 31V, 31W, and outputs the first
cumetified cutkent idi from the output end 31P. In this preferred

embodiment, the three-phase currents i.1, iii, iwi are inputted to the input
[08Adk 31 le B1svtisgewhapodipE|BidResid ciretitfidbedhi MMusraingmets L, 1,
_ configuration of the second 15 three-phase diode bridge 32. The second
1wth@éks%psﬂ%\%%t%i%d’g%rra@féf§é ﬁagqﬁbmiena”élesﬁq%wg@mhmdda@ﬁu?mdge 32

ends 32P and 32N. It applies full-wave rectification to the_ currents :
e e ey e F o R A
rectifie rrent id2 from,the output end 32P. In this preferre
R oaibohe the MTei phage bienains s EUBRRATR s gy ose

di%ﬁg%%réé’ $EVs ?@é"ﬁr@t@ﬁ?@éﬁlﬂé‘%&@é %?%%Beif‘%a@jﬁ&%%&fﬁ Bl 31v, 31w

choppe operation to receive Irst rectified current id, as a current

apMRRGundameptalfregnengy Hasa first valve - ha ki Quipuie Rart ek NGputted

first rectified current id] as a first chopper current iii. The second chopper ~

toHhPEHIAIMSBS8¢0NT; ERORASY ORRIaliARIR recelvRthecageandrraificd from the
current id2 as a current whose fundamental frequency has the first value.

odipeneit ®BtIts pathpf phereRddsasandirestifien-corantidd-aaaaecondi,,, iy, are
chopper current i12.

mnputted to the input ends 31U, 31V, 31W.

[0037] FIG. 3 is a circuit diagram illustrating the configuration of the second
three-phase diode bridge 32. The second three-phase diode bridge 32 has input ends
32U, 32V, 32W and output ends 32P and 32N. It applies full-wave rectification to the
currents inputted to the input ends 32U, 32V, 32W, and outputs the second rectified
current ig; from the output end 32P. In this preferred embodiment, the three-phase
currents 1y, v, Iz are inputted to the input ends 32U, 32V, 32W.

[0038] The first chopper 41 performs a first chopper operation to receive the first
rectified current ig) as a current whose fundamental frequency has a first value. Then it
outputs part of the first rectified current 14; as a first chopper current i;.  The second
chopper 42 performs a second chopper operation to receive the second rectified current ig

as a current whose fundamental frequency has the first value.  Then it outputs part of the

second rectified current ig; as a second chopper current ic.
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12 [0039] In this preferred embodiment, the first chopper 41 and the
second chopper 42 are step-up choppers. Specifically, the first chopper
41 has output ends 41P and 41N, and outputs the first chopper current i,1
from the output end 41P. The first chogger 41 has an inductor 411 that is
connected to the output end 31P of theTirst three-phase diode 5 bridge 31
and receives the first rectified current id]. The collector of an insulated
[0gatg bipolaistiansistarl (G E)Mdz,ahd hetanogeefd diotiehd k3atel chopper 42
connected in common, and connected to the output end 31P through the
arindigptop4hdppEne crdecellihehdiddet dikdiscdhnesteditotradutdlt and 41N,
end 41P. The output ends 31N and 41N are connected in common to the
anghwittesst thie iGBThanze: Ther¢GBT Anzfihevobgihsw sWitchihge fost chopper 41
element that opens/closes between its collector and emitter. [0040] In ,
hasorreduRtpEfde With theosugsinddndbau ormnead R Brndfustofizst fhigsephase diode

412, and diode 413, the_second chopper 42 includes output ends 42P
brder AN FREUEL I TS T 453°%Una didfe 225 IR QA Setdngd sate

chopper 42 out the, second chopper current jo2 from the output end
DO SO, DD Ll Bhd s Bl b ot e fgrmmon,

the output ends 42P. and d also.in parallel to.the oathin :
SIS LR SR ARG AR R0 IR BRIBE 0o TROQINMI. of he diode

483 2nd,sHRRIS With i hothzendbvoliage viQ PLIRE oA INGCARAG N ected in
5. [0042] As described above, the first chopper 41 and. the second

cSHARRET S 4rRavR Hhgr 2oreutpiiends conngcie®in RasalighWtAdNG a switching

smoothing capacitor 5, and so the current of the first chopper current i i

eRAtHNese6pRM CNARPBEGHIEE MO RS-SRGS Lo function as a
current source. Also, by adopting step-up type as the first chopper 41 and

[abecgecandoekeppeicAZ; Wishpassibigdoeabtain Rlanbhaye iihiciehighefGBT 412,
than the peak values of the three-phase voltages e~, ev, ew. Also, by

apdaliicting 1Retsermotinid ghegpacitdribslivdss 25tpossitle4dPsmdathiNhencututor 421,
a;/lollgl??”?.éiﬂ, and a diode 423, and the second chopper 42 outputs the second chopper
current 1 from the output end 42P.

[0041] The output ends 41P and 41N are connected in parallel to the output ends 42P
and 42N, and also in parallel to the smoothing capacitor 5. A load 6 is connected in
parallel to the smoothing capacitor 5, and supplied with the both-end voltage vq. of the
smoothing capacitor 5.

[0042]  As described above, the first chopper 41 and the second chopper 42 have their
output ends connected in parallel with the smoothing capacitor 5, and so the current of the
first chopper current i¢; and the second chopper current i.; are continuous to function as a
current source. Also, by adopting step-up fype as the first chopper 41 and the second
chopper 42, it is possible to obtain dc voltage that is higher than the peak values of the

three-phase voltages ey, €, ew. Also, by providing the smoothing capacitor 5, it is

possible to smooth the output voltage.
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13 [0043] FIG. 4 is a circuit diagram illustrating the details of the
three-phase transformer 2, which is illustrated in Non-Patent Document 1,
for example. The three-phase transformer 2 includes three
autotransformers 21, 22, 23. The autotransformer 21 has a primary
winding 211 connected between a U-Hﬁ’ase input end U and a W-phase
input end 5 W, and a secondary winding 212 coupled with it and having a
[ooanter teg;. The secendanyoyinding:#2d2nis diyigediioty secondaphwindingformer
2121 and 2122 by the center tap. The center tap is connected to a
2. Vephiasednplisead V. iV hilentretewimibecwhduing otshecprimary wihdirnbree-phase
211 is n1, the number of turns of both of the secondary windings 2121
trand2h22 s mydmdithe vatogststwmby Ekptédsdivbn (Mdsaddpredoasithe ] has a
ratio. 10 [0044] [Expression 1]if, _a _tan(2z/12) ... (1) n, V3 [0045] In
prinesusamiadivay? the ennettan dforisen 22 hplseprimasidvidding @i-phase input end
connected between the U-phase input end U and the V-phase input end
Wy 2Bfhd seearbryapdingding crvod wihplendhring R REGHGR cditepecondary
tap. The secondary winding 222 is djvided intg secondar%\évt/ifr]ltgings 222

) 1
WHKENDZ by YRR 3R ORARTE SHIMFESS ! Coriidetdd \kepitadep: The
i t end W. While th b ft ft i inding 221 is nl
AP S BREUIES 17 Bt ioe Bt i s D S o5 s of the
12. [0046].Th tot f 23 h i inding 231 t
P R A e R PR AR AR HIL e A0l 2121
m?d%%ng%EYMM@ga%é@sgay(g;%ﬂg@ae@smé@m@%&%ﬂ&ﬂﬁ@pm@e

secondary winding 232 is divi secondary windings 2321 and 2322

[d@ﬁ‘\%e cgnigl.tafy e center tap is connected to the U-phase input end
U. While the number of turns of the primary winding 231 is n1, the

gzmber of turns of both o{}ghe sec%rrllq%r/;w\findings 2(%21 and 2322 is n2.
—= =] T e !

n, NG

[0045]  In the same way, the autotransformer 22 has a primary winding 221 connected
between the U-phase input end U and the V-phase input end V, and a secondary winding
222 coupled with it and having a center tap. The secondary winding 222 is divided into
secondary windings 2221 and 2222 by the center tap. The center tap is connected to the
W-phase input end W. While the number of turns of the primary winding 221 is n,, the
number of turns of both of the secondary windings 2221 and 2222 is ny.

[0046] The autotransformer 23 has a primary winding 231 connected between the
W-phase input end W and the V-phase input end V, and a secondary winding 232
coupled with it and having a center tap. The secondary winding 232 is divided nto
secondary windings 2321 and 2322 by the center tap. The center tap is connected to the
U-phase input end U. While the number of turns of the primary winding 231 is ny, the

number of turns of both of the secondary windings 2321 and 2322 is n,.



10

15

20

[0047] The primary windings 211, 221 and 231 are delta-connected. The
three-phase currents i0, is,, iw from the three-phase power supply 1 flow
respectively into the U-phase input end U, the V-phase input end V, and
the W-phase input end W. On the other hand, a current iuw flows in the
primary winding 211 from the W-phasé‘nput end W to the 5 U-phase input
end U, a current i,, flows in the primary winding 221 from the U-phase

(oot enchi/dadhe, \ephasesinpyl £ndaMdand acWEeRi-Wnlows inthe three-phase
primary winding 231 from the V-phase input end V to the W-phase input

_ceRditW,, Expressiant@) eldshalquitiae epFBnistioly irdlpuingely they the U-phase

primary windings 231, 211 221. [0048] [Expression 2] rwv = a(in2 -rul)
inpiPnd Q)1 "thea{H2v i Vipe efitiv? ,-and YOOM G)hiEke ioptnenis Wandivihareher hand,
outputted from the center tap of the secondary winding 212 respectively
a tiroaghithdlseconddry wimdingsv2kiincadt 2fi22) the Sirpbass ingutaertiWg to the
are outputted from the center tap of the secondary winding 222

Urebpectivaly a5 throughttiet SecHadaryvilivdings @ 21intia 22D e the U-phase

_currents i" i and iu2 are outputted from the center tap of the secondary

PR 232 Bspeeivsty UGN e Asta Y viindiAYS 2 shcdirpgp inding
ccordingly, Expression (3) halds. [0050] [Expression 3] ru = jul + lug -

iR S Ysioriﬁe:wﬁaﬁﬁszQ ub-20 BT RIG2) holds

aBoit BPRARGNJIAgram Hlugtrating the yolages in;individyal payts ofjthe 15
[0048] [Expression 2]
iwv = a(iuZ - iul)

l = all, —1,) - (2)

ivu = a(iw?, - in)

[00491  The currents iy; and iy, are outputted from the center tap of the secondary
winding 212 respectively through the secondary windings 2121 and 2122, the currents iy,
and iy are ocutputted from the center tap of the secondary winding 222 respectively
through the secondary windings 2221 and 2222, and the currents 1,; and 1i,; are outputted
from the center tap of the secondary winding 232 respectively through the secondary
windings 2321 and 2322.  Accordingly, Expression (3) holds.

{00501  [Expression 3]

Iu = 1ul + Iu2 - 1uw + lvu
e . . . . -
1, =i, b, —1, Fl, - (3)

Ly = le + 1w?. - 1vw + ]‘uw

[0051] FIG. 5 i1s a phasor diagram illustrating the voltages in individual parts of the
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three-phase transformer 2, which is illustrated in Non-Patent Document 1.

The three-phase voltages e,,, e, ew have phase differences of 120

degrees relative to each other, and the phase lags in this order. The

voltage e" on the side opposite to the center tap of the secondary winding

2321 leads in phase by 30 degrees with? respect to the voltage e,,, 5 the

voltage ell on the side opposite to the center tap of the secondary winding
thb2dhieadsr-isphiase by 3ohdegreesinihsespect intheaolagmenasgithe  The

voltage ew, on the side opposite to the center tap of the secondary
thwinging2221aleads, in phase bylBRdtigiaescaitl ieSpketdosthdaviokageach other,

ew. Also, the voltage e"2 on the side opposite to the center tap of the
arsetentdase Wigdingh2322ltags Thohakegh e300 degrsat withorespedhtoctner tap of

voltage e,,, 10 the voltage e,2 on the side opposite to the center tap of the
theeconaday witidling 2322 lagls in phrisebly\380 deiges axihithsespéetths fatage e,

voltage ev, and the voltage e,,2 on the side opposite to the center tap of
thgheodiegs fuafy Windide aresitad thepreate kpad Hegressadonn wedhatis | icads
. the voltage ew. [0052] With the autotransformer 23, the absolute value E|. .
inophe Bltade Spia O RESPES HintaTy Wi g 2 8195 e alaeTufe AL Side

of the difference between the voltage ev and th I e, and a voltage
ORI A SONUEE VAN HE R0 BYCRo FRUE Sotoritey Doy B3 desrees

W ;%:r%’égt%‘;g%’ %%%H%Eie”es center [ap.i3 &?%%gé:\;:%faﬂé‘s?o??tﬁ%%ﬁ%‘?é WL ter tap

e voltage e™is applied, the abso erence

o PRGNS RilRgs e Dand g %ﬂﬁ@&ﬁfi@d@ Al itheApsaluianalifiage e,

akEl. The same is true for 20the other phases. [0053] Such voltage

wekations arg detremined v ihe remive RYRIPD A connRGHOR AR 2122 Tags
autotransformers 21, 22 and 23. Accordingly, as long as the three-phase

invellagesyesn gegueareigiakigethayoiage ialationseatemainiained.,, on the side
regardless of the waveforms of the currents i"i, ill , iwi, i,,2, 42, iw2. In

opibeitsvords, dyeompolingdthe cndrentwiatiefoTE] Biydherthisaboriltdegrees with
improve the waveforms of the three-phase currents iu, i,,, iw inputted to 16

respect to the voltage ey,.

[0052]  With the autotransformer 23, the absolute value E; of the voltage applied to the
primary winding 231 is the absolute value of the difference between the voltage e, and
the voltage ey, and a voltage having an absolute value a'E; is excited in the secondary
winding 2322, Accordingly, because its center tap is connected to the U-phase inpuf end
U and the voltage e, 1s applied, the absolute value E. of the difference between the
voltage e, and the voltage e, is equal to the absolute value a'E;. The same is true for
the other phases.

[0053]  Such voltage relations are determined by the relative coupling and connection
of the autotransformers 21, 22 and 23.  Accordingly, as long as the three-phase voltages
eu, €y, 6w are stable, the voltage relations are maintained regardless of the waveforms of

the currents iyi, lvi. twl, hu2s vz, iwz. 10 other words, by controlling the current waveforms,

there is room to improve the waveforms of the three-phase currents i, iy, iy inputted to
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the three-phase transformer 2 from the three-phase power supply 1. The

currents i.1, ill iwl, h2, 42, il,z can be controlled on the basis of how they

are inputted with the operations of the first chopper 41 and the second

chopper 42. [0054] Now, a desired waveform of the currents if,l, i"1, iwr,

iu2, 42, iwz will be 5 illustrated first, anfl a description will be made to

illustrate that such currents can be inputted on the basis of the operations
theftiieclipah shapRatddeANdriie SRCORELGHNREYHAZ: JHIPIFIGIR isudrents iy, ivi,

graph illustrating a desired waveform i(0) of the currents i" i, ill, iwl, i,2,
i 222 Where, ibegpinase Obthkabgle O tibersidependipgiaa thigtsike operations

currents. Specifically, the waveform i(0) is represented by Expression (4).
o156} i Expression! 4 s@<0/Ahépped42.i(B)=2Idsin0 6 6 0 <' 77r <

(c)< 4-:i(B) =2ldsin(B +-2,7) 6 36 3 3 -<~9<2n"'4~ <B<5-:i(0)=0...(4)
(B33 3 Xave1e Blesired avpvelarB<ol K@Burigg@)s-2lashi(Biv). 3ub 3+6. 3ws)will be
_<0<it Ihz <0<_27r :i%c)):_-ZI_dsinQ 6 6 [0057] The waveform i(0) can be
ilhatiiegt diplained hSKORIOBCISW: Poomafi¢ith Blttins dhatesish sdERmss can be

. the first and second sections (the section from
inputted on the basis of the operations of the first chopper 41 and the second chopper 42.

[0055]  FIG. 6 is a graph illustrating a desired waveform i(0) of the currents 141, ivi, lw1,
w2, 1va, lwa.  Where, the phase of the angle 8 differs depending on the six currents.
Specifically, the waveform i(8) is represented by Expression (4).

[0056] [Expression 4]

0<9<365, ﬁSHSZéZ Li(0) = 21, sind

7 T Iz T . ) 27

— 50—, —sfs— 1(F)=2];sm(0+—)

6 376 3

Tep<Z 07 oy=0 (B
3 3703 3

o< TN Ly o sing -5

3 6 3

S 117 . .

——6——_<_9£ﬂ', ——g—SQSZﬂ' (1) = =21, siné

[0057] The waveform i(8) can be roughly explained as shown below:
[0058] (1) It exhibits a crest in each of the first and second sections (the section from
57/3 to 2= and the section from 0 to 7/3) both of which continue in correspondence with a
phase length of 60 degrees at the fundamental frequency;

(i1} It exhibits a trough in each of continuous two 60-degree sections, in each of
the third and fourth sections (the section from 2n/3 to w and the section from « to 47/3)

both of which continue in correspondence with a phase length of 60 degrees at the
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15 57t/3 to 2n and the section from 0 to n/3) both of which continue in

correspondence with a phase length of 60 degrees at the fundamental

frequency; (ii) It exhibits a trough in each of continuous two 60-degree

sections, in each of the third and fourth sections (the section from 2m/3 to

it and the section from it to 47x/3) both of which continue in

correspondence with a phase length of 60 degrees at the 17 fundamental
ﬁfﬁ@gﬁk@ﬁﬁy;f@qg&i&,!tagahibits a flatter form as compared with the crests

and troughs, In each of the fifth and sixth sections (the section from ur/3

to 2it/3 angl thesetiantisant Hid{3} o hfxdd) whichheorsespanidionghs, in each of

phase length of 60 degrees at the fundamental frequency and 5 which are
thsepétated bikthedirstandisesaritbsettions/Grtby2th@ thirdtaaddairth from 47/3 to

sections. [0059] Expression (5) is obtained by applying Fourier expansion
5163 Exiebsiometpnnf0ec0piEkpiarsioniBi( @)zt cos0hy Ifandospdak fequ@@ky and

I 32 1d sin nyr sin n?r sin (n +ir sin (n -1)7r (n2 -1)ard 23 12 12 10 [0061]
WRilz 4 SergEre o E praiore (@) dtpre inareto in tito Y Had anduinbEmesstions.
com]ponent of e0sO, and the components of even order, _(Sntgth (12n+D)th,
(005§ (1 2EpFesTienAdpds AREHEHIEPIKIBE &R tRT PansiRTHafmiBrResion (4).
@cgﬁgo ts are (6m+1)th and (6m-1)th, with an odd number in. [0062]
L iderfiig e e differences about the angle 0 of Expression (5),

the 15 currents|"1, ivl, iwj, i"z, 42, iw2 are shown by Expression (6).

Where the(apg;’%cﬂﬂﬂu@dxn@bmﬂhree-phase voltages eu,|e,,, ew is

taken as m, andvthe voltage e" is assumed to be proportionalito .t.h?S)
sinusoida& functiors gin(c,[)tgigﬁm%% s (n+hm in (n—1)r

mn T 2 d
(n" -hr 2 3 12 12

[0061] As can be seen from Expression (5), the waveform 1(8) has a fundamental
component of cosb, and the components of even order, (3n)th, (12n+1)th, and (12-1)th are
zero.  Accordingly, it is seen that the main harmonic components are {(6m+1)th and
(6m-1)th, with an odd number m.

[0062] Considering the phase differences about the angle 8 of Expression (5), the
currents 1,1, iy, lwl, w2, lvas lwz are shown by Expression (6). Where the angular
frequency of the three-phase voltages ey, ey, ey 1s taken as w, and the voltage e, is
assumed to be proportional to the sinusoidal function sin(wt) of time t.

[0063] [Expression 6]
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[0063] [Expression 6] 18 lug =Im COS Q)t+ +h. COSn CUt+ 12 =2 12
1u2= ImCos wt-~ +XImncos 0)t--I 12 12) iv =ImCosrmt+12- 3 + =2
YImncosnimt+12-23 (6) 7T 2;T 7r 2rz iv2=Imcos at---- +~Imncosn L.Dt----
12 312 3 1 =ImCos wt+-+2n +1lmncosn wt+H+2~ 12 3 =212 3 7r 27r)7
2)c iw2 =Imcos M-+- +Elmn cosn wt-138123=2123 [0064] FIG. 7 is a
graph illustrating the currents i" i and iv2. The graph is based on the
phase of the voltage e0. The minimum value of each is -Id and the
maximum}vglpecl%@;tiﬂu 15 the p eaﬁejat’fg)\g of voltages shown in the
phasor diagram of EIG. 52theTlrtents iti and 2'2 respectively lead in
phase by 15 degreges and;lag ia phase by 15 Qg%rees. Though not shown
graphically, dleaestias plﬁlgé rgéti,cﬂ@@ﬁv@ttaqis shown in the phasor
diagram of FIG. 5, the cuitentsi.1, iv], iwl havé f)hase differences of 120

degrees with f](ial %%%tthfﬁi ag@@% agfenégsi%wé% 2 have phase

differencés o egrees with TO other. [0085] FIG, 8 is a graph
illustrating the waveforms of g}re firs, rectified urrent idi ar the sé8énd
rectified cyreehf ed mgetlﬁ)eiﬂ mgl{a%hg\m,ltmg@t ilfkfg ﬁrth—r ctified current
|d| had =2
i, =1 cos a)t+—{r—+—2£ -é—Zimncosn a)t+—ﬁ—+—2£\
12 3, 5 123 J
% A
1, =1 cos(wt~£+g£)+21m cosn a)t—mfw«kgfmJ
12 3 ) & 123

[0064] FIG. 7 is a graph illustrating the currents iy, and iy, The graph is based on the
phase of the voltage e,. The minimum value of each is —I4 and the maximum value is I,
Due to the phase relation of voltages shown in the phasor diagram of FIG. 5, the currents
w1 and 1y, respectively lead in phase by 15 degrees and lag in phase by 15 degrees.
Though not shown graphically, due to the phase relation of voltages shown in the phasor
diagram of FIG. 5, ‘the currents 1,1, 1y, Iw1 have phase differences of 120 degrees with
each other, and the currents iy, iy2, iwz have phase differences of 120 degrees with each
other.

[0065] FIG. 8 is a graph illustrating the waveforms of the {irst rectified current 14; and
the second rectified current iy together with the voltage e,.  The first rectified current iy
is obtained by applying full-wave rectification to the currents 1,1, 1y1, 1w, and so it exhibits
an approximately triangular wave that repeats in periods of 60 degrees in terms of the
fundamental frequency of the voltage e,. In other words, the fundamental frequency of
the three-phase alternating currents iy, iy, w1 Inputted to the input ends 31U, 31V, 31W

of the first three-phase diode bridge 31 is 1/6 of the fundamental frequency of the first
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is obtained by applying full-wave rectification to the currents iul, i,1, iwi,

and so it exhibits an approximately triangular wave that repeats in periods

of 60 degrees in terms of the 15 fundamental frequency of the voltage e..

In other words, the fundamental frequency of the three-phase alternating

currents i" 1, iii, iwl inputted to the inp&ends 31U, 31V, 31W of the first

three-phase diode bridge 31 is 1/6 of the fundamental frequency of the
rebifstlOugetified current id 1. [0066] More accurately, the currents i1, iv1,

iwl have the waveforms shown by Expression (6), and so the waveform
[cofseie firgbrectifiad gerrenhidloinikising, regjon, exhibistgesine@fvavefertimn by

in the section of 0<_05rc/6, and the waveform in a falling 5 region exhibits
Egpsinechwayefodnsantileersretiomod 5 Lo krd e achidhatiis it €xhibitsrésing region

waveform formed by combining a curve that is similar to the waveform that
exhginusoidad Wave ekhibits ftbensdcdegreé (ox80miegred siandvavalavefoms falling

that is left-right symmetrical to the curve. The same is true for the second
regletifiechButsehsioe. A weaiotiangulhe vestioforpd éaffigiared dhahesbasigxhibits a

of a waveform commonly called "middle-phase”, not a 10 maximum phase
WABHRRiFERGA BhASE BRINGRUSBIt Ve B e NS ioRn e 2 sinusoidal

three-phase ac middle-phase waveform. [0067] From Expressions (2), (
W&Hﬁ? @ﬁﬁa O sl rdserti b e eSS A Fd W mxmetmﬂ

Ecurrent [ }c}?ntams the fung ntal fr uenc nent onI The e, |
shiRe i fue 18F thE"Sulfents ivh |\f/eci [66% ﬁ)x Aot ﬂ? neuiar

Predtion 7] 4 C6E &8
W_B.VG%O'I’QQSC%% zggr[ed c§r71)th Sas]is? 0 ah\%E%é orny J:om\r/ngnlly caipe§ 43 %d?e phase”, not a

maximum phase nor a minimum phase of a sinusoidal wave, is herein referred to as a
three-phase ac middle-phase wave{orm.

[0067] From Expressions (2), (3) and (6), the current 1, is represented by Expression
(7). This shows that the current i, contains the fundamental frequency component only.
The same 1s true for the currents i, and iy,

[0068] [Expression 7]

2
i, = ,me cosot = J—iims coswt AT
cos——
12
Where I =v}/z~.- I, \51; = (1.845],
CosS—
12

[0069] FIG. 9 is a graph illustrating the waveform obtained by obtaining the current iyy
from Expressions (2) and (6). FIG. 10 is a graph illustrating the waveforms of currents
{(1a1T1u2), (~lywHive), 1, Obtained from Expressions (2), (3), (6) and (7).

{0070] Now, as described above, the rectified currents ig; and ig are close to a

triangular wave, and so it is possible to receive these currents respectively from the
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cos- 12 [0069] FIG. 9 is a graph illustrating the waveform obtained by
obtaining the current i,,,,, from Expressions (2) and (6). FIG. 10 is a graph
illustrating the waveforms of currents 20 (iii+i" 2), (-i"w+iv"), i" obtained
from Expressions (2), (3), (6) and (7). [0070] Now, as described above,
the rectified currents ids and id2 are cfose to a triangular wave, and so it
is possible to receive these currents respectively from the 20 three-phase

thehoddedies Ttiagd 32, wills evihappehoparatpaaiithe Cihenperpdd 41 and
and 42. It is thus possible to input the currents i1, 41, i,,,t, i"2, 42, i.2 from

42he thredrphpseilitansfonmerti? touthenthige-phase diode briddesiBihanree-phase
32, and it is possible for the three-phase transformer 2 to remove

trérafiororic Sompbnahtecopithes clivdntbridges, 815:70072] Theén! nexposmble for the
example configuration for the chopper operations of the choppers 41 and

thage fpi OBt FettiflevediirBAte G OamPILa VIl Bee quEEibeld. by
example that obtains desired waveforms by pulse width modulation will be

[04dribdderroaesh Fies. PeTankecifenfi et fntstratisgpRas gperwions of the
configuration_shown in FIG. 1, showing parts for obtaining parameters on .
IR esﬂtﬁh&&tﬁ%@%%(@?%e@%%%% LB S ke, 2k Beifeall ?tﬁ%smbed-
values af the rectified,currents id].and id2 flawin spectively through the .
A B B B N Mo ML i

(@79 theralys 921:%&gf@:gﬁgfi&}ﬁol}ﬁﬁ?rééﬂ%o}égtgtﬁﬂﬂé)@HQ IR in FIG.

etected as dat sTland T [ling the turning on/oft

I,Ogﬁg'@i@ %L%Afgv?(?tﬂ&hﬁ% ﬁ!@aﬂié‘% I he;ortes ebthel GBS ﬂ&%@é}%perations

422 through the buffers shown with triangular signs in 15 the diagram.

18043l F|§i‘)€é—i%i§l%f§ifﬁuitam@9Fﬁﬁh@'#&%ﬁ@ﬂ&@r&%@%l rzﬁﬂpﬂgfﬂbwing respectively
generating the signals Tl and T2 on the basis of the data 1,11, Id2, and

thvhgil Hite eanfigoration gah 478 reeIgblycthivideg ot & valage dontial dlask,, and
81, a current command generating block 82,

the value of the both-end voltage v, of the smoothing capacitor 5 is detected as data V.
Signals T1 and T2 for controlling the turning on/off of the IGBTs 412 and 422 are given
to the gates of the JIGBTs 412 and 422 through the buffers shown with triangular signs in
the diagram.

[0073] FIG. 12 is a circuit diagram illustrating a configuration for generating the
signals T1 and T2 on the basis of the data Iq, I42, and V4. This configuration can be
roughly divided into a voltage conirol block 81, a current command generating block 82,
a current control block 83, and a PWM modulation block 84.

[0074] A voltage command generator 801 obtains a voltage command value Vg*
corresponding to a desired both-end voltage Vg, which is inputted to the voltage control
block 81 together with the data Vg.. In the voltage control block 81, an operator 802
obtains a difference between the voltage command value Vu* and the data V., which is
out_putted to the current command generating block 82 through the processings in a P1

controller 803 and a limiter 804.
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a current control block 83, and a PWM modulation block 84. 20 [0074] A
voltage command generator 801 obtains a voltage command value Vde*
corresponding to a desired both-end voltage Vde, which is inputted to the
voltage control block 81 together with the data Vde. In the voltage control
block 81, an operator 802 obtains a dfference between the voltage
command value Vdc* and the data Vde, which is outputted to the current

oeaRIMandoaneAtinghHlects 82 1Brough the Proressings v ElbréP gencrators 805
controller 803 and a limiter 804. 21 [0075] The current command

aiges@satingehleskr32 inelusies waveidan ganes aials B8ohs AnstiBOBdkch generate a
generating three-phase ac middle-phase waveforms, both of which

thpenpliate ac thuekiphtseacvmidifienphadewsavefahm. wiowewers thenerated by the
waveforms generated by the waveform generators 805 and 806 are in

wapgosiegphaste chotidle FtGim 2rghoits Bhtlsis toppobitetlpiiaséG. 12 shows
relation with the circles located in different positions near the waveform

thife feRatEre BbBSaNE8De(thidsighedoieel siol dediedtenthé fsvensipasifons near the
polarity). The three-phase ac middle-phase waveforms generated by the

WRKRIRTBY SE BRAKSES 809 o H0s HevderfraghErtgakdhis ianctiitesoheolarity).

esel, e,, e

undamental frequency of the three-phase volta
Tgﬁc@é?fﬂﬂw o e fB’ﬁ%%%'”Y?Xﬁf?ﬁlﬂsi@f?ﬁfﬁ?%fyamf Wﬁ%ﬁ%@rm 805

1.Q,gragsped as having a mutual phase difference o¥ degrees, wjth
R e TG R 10 76T % SR L s s

WSS D e g e, TS BT A o

ftedto'a multiplier m d With'the Bﬁff)’ulf e wave

g%%?@ﬂaé%%% imilasiyy therautpuelihe voliags 9%%@@[‘%%”%%%}? fo the

is inputted to a multiplier 808 and multiplied with the output of the

fvaxefara aeperaior 806. The results of multiplication are outputted to the
current control block 83 respectively as current command values Idt* and

[dd251abayt the wetified GraRts ideabftifl?. block 82, the output of the voltage
command generator 801 is inputted to a multiplier 807 and multiplied with the output of
the waveform generator 805.  Similarly, the output of the voltage command generator
801 1s mputted to a multipiier 808 and multiplied with the output of the waveform
generator 806.  The results of multiplication are outputted to the current control block 83
respectively as current command values Ig1* and Ip* about the rectified currents iy and
g2,

(0077} In the current control block &3, an operator 809 obtains a difference between
the current command value Iyn* and the data Ig, which is outpuited to the PWM
modulation block 84 through the processing in a Pl controller 810. Similarly, an
operator 811 obtains a difference between the current command value Ig* and the data I,
which is outputted to the PWM moduiation block 84 through the processing in a Pl

controller §12.

[0078] The PWM modulation block 84 includes a carrier generator 813 for generating



[

10

20

[0077] In the current control block 83, an operator 809 obtains a difference
between 20 the current command value IdI* and the data Idi, which is
outputted to the PWM modulation block 84 through the processing in a Pl
controller 810. Similarly, an operator 811 obtains a difference between
the current command value 1d2* and thé data Id2, which is outputted to
the PWM modulation block 84 through the processing in a Pl controller

a Ghdaiat[0R 78l Hibe BWiNE mReuiation blacki$dinctudes:A caraer aeremffirential

813 for generating 22 a modulation carrier C and differential amplifiers

afphfand Bl6. prbeiditferantiat amplifico8 tariepovidediavithgiienf the PI controller
modulation carrier C and the output of the PI controller 810, and

8 YenerhtesithatsighalsigndlheldiffétentifermpliflenBibiisr gt b&idedranttethevith the
modulation carrier C and the output of the PI controller 812, and

mgdnkstatesahresigraldiie 5athet sigiwld Tremdolierdoitrehdgwofiefthe signal T2.
IGBTs 412 and 422 such that rectified currents idl and id2 corresponding

Ths wignalsrdrit aedniiasanietbes i <dndado Bibev Hvd %%6%@#}@1%\/8}?&9@0%66

Vde carresponding to the voltage command value Vd,* is 3:nerated in

YHEN ot G SRR NG 186y HRE R A, ofHEs o dog Ry and @
b%%r??i c ntroII%d. 10 [0079] Second Pre erred‘Embod'meg‘t FIG,13is a ted i
e d‘i’gb‘f'% SPTFHRLT R 18 SeoRU e RPEE RN BBt of #gerated in
resent invention. The configuration illustrated here. differs from th
RGOSR Ptk ATRAEH DR AGRTr Il r HBipadh and 42 ar

ngﬁ.ggg 71 is additionally interposed between the three-phase transformer
2 an t?ie first three-phase diode bridge 15 31. [0080] When explained by

[6678NNG Q&S 2R My [RQiNRKE ends 31 U, 31V, 31 W of the first

three-phase diode bridge 31 are connected respectively to the secondary

mindingﬂ@% B12dir 2Rl diagaeh thegueionenterRhase peasiRld thabisiment of
the Zresem invention. The configuration illustrated here differs from the configuration
of the first preferred embodiment in that an interphase reactor 71 is additionally
mterposed between the three-phase transformer 2 and the first three-phase diode bridge
31.
[0080] When explained by referring to FIGS. 2 and 4, the input ends 31U, 31V, 31W
of the first three-phase diode bridge 31 are connected respectively to the secondary
windings 2321, 2121, 2221, each through one interphase reactor. That is, the
three-phase currents iy, iy1, iw; flow in the interphase reactor 71.
{0081} Though not described in the first preferred embodiment, zero-phase voltage is
generally generated between a neutral point on the input side of a three-phase diode
bridge and an intermediate potential on the output side. This voltage is a triple
component of the fundamental frequency of the three-phase voltage on the input side.

When explained by referring to FIGS. 2 and 5, in the first three-phase diode bridge 31,

zero-phase voltage is generated at a frequency of 1/2 of the fundamental frequency of the
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three-phase currents i"1, ivl, iwl flow in the interphase reactor 71. 20

[0081] Though not described in the first preferred embodiment,

zero-phase voltage is generally generated between a neutral point on the

input side of a three-phase diode bridge and an intermediate potential on

the output side. This voltage is a triple t?ﬁomponent of the fundamental

frequency of the three-phase voltage on the input side. When explained
fRY FlgITRoa-EHe g, et & RdhRdiel thrag-phasadiede.brrge 3haldvoltages

zero-phase voltage is generated at a frequency of 1/2 of the fundamental
cfreeyency ghtheréspelitbleieatifieg Gupentids betwesnthel Reuttal fieinttecrmediate
potential of the three-phase voltages e"1, evi, ewi given respectively to
patentizputfetics Blidy S hyplatWhana thetintermpdiated pétdntiaiol the  Zero-phase
voltage applied between the output ends 31P and 31N. Zero-phase
voltdtege istsitailaty geredatethénsthensbduedt theee pbdskrdigdéoridge 32.

5 [0082] When parallel-connected multiple rectifier circuitry is adopted as
[GRSthe pradentprivdHtsrnariddrneiime woo it psintsrpiedtas in the present
_insulated on the side supplying the two sets of three-phase currents
IpEes WA FEChAAYEIFEHIS. PRIAE GiferRidus Bt b fosplsaseplying the two
volt?e is generated (hereinafter referred to a "zero#({lase current").

his
sqls BERTRERAE thrEE RSP RHRL s BECORB A bATEN o iitn Ghent HEto the

eneration of zero-phas %volta éO%B{Cfgel this preferred " .
U B A G P BIERS A TR e RECE i HuAa) 2 This i

b3k E;%]Stfllget%% Qg@%%“%ﬁ@?ﬁ% %]ep%%ea?;%t?ajat e%ﬁ‘?f&bﬁ%giggg@a%%wtgfoztero—phase

the three-phas tages e” i, e’], ew( an ree-p currents e'"2,
va\{Zgé?WZ (see FIG. 5) respectively corresponding to the three-phase
currents i"1, i,,, iwj and the three-phase 15 currentsi.2, 42, iw2 are

[GBMOn, [§A84)-AceridinghndidsAeskable B LUbRerRrOmMbAse GHENeRYec-phase
by adopting the interphase reactor 71 to provide large impedance for the

tiAbRlanGe 0i dbgrirRenRbasesfouientS.], 22 and 23, and so the neutral points of the
three-phase voltages ey, ey, ew; and the three-phase currents e, €, ews (see FIG. 5)
respectively corresponding to the three-phase currents iy, iy, w1 and the three-phase
currents 1,0, lyz, lwz are commaon.

[0084]  Accordingly, it is desirable to cut the zero-phase current by adopting the
interphase reactor 71 to provide large impedance for the imbalance of the three-phase
currents.

[0085] FIG. 14 is é. circuit diagram illustrating a modification of this preferred
embodiment, where an interphase reactor 72 is provided between the first three-phase
diode bridge 31 and the first chopper 41. Thus, the first rectified current i4; flows
through the interphase reactor 72.  More specifically, the first rectified current 14; flows
in a reactor interposed between the output end 31P of the first three-phase diode bridge 31

and the inductor 411 of the first chopper 41. A reactor is provided also between the

output end 31N of the first three-phase diode bridge 31 and the emitter of the IGBT 412.
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[0085] FIG. 14 is a circuit diagram illustrating a modification of this
preferred 20 embodiment, where an interphase reactor 72 is provided
between the first three-phase diode bridge 31 and the first chopper 41.
Thus, the first rectified current id1 flows through the interphase reactor
72. More specifically, the first rectified €éirrent id1 flows in a reactor
interposed between the output end 31 P of the first three-phase diode

dvidge 31 seneihednductor i ahthe-UsiichoPREEAL 7 TRRFIQ IS this position

provided also between the 25 output end 3 1N of the first three-phase

bebage bridgeBd andl thesemittehofthe LGRE di¢ a2 0086 S desisable

to provide the interphase reactor 72 located in this position because it

[ @083 the zar enphpbsseuRntin thesame wayrdsthebnterphaseieaeiaddd for the
[0087] The interphase reactors 71 and 72 described above are both

fipsothaedpiosthéicficsbthige-phase dioderbnidge [3byhisttheythrayebend three-phase
provided for the second three-phase 5 diode bridge 32 on its input side or
diulpbtidinte? J0088] MhirdsFiefereg®ridodiment FIG. 15 is a circuit
diagram used to describe a third preferred embodiment of the present
[Wghtioﬁ‘hﬂfﬁé’ woeimied FANbAKAGIN here differs from the configuration of
the firstrgreferre_d embodiment in that the first chopper 41 and the second

chopperds-ale 196 Fésiaitstppsapettribiy by scbst tipherdersoegbodiment of
R o oSS 55 O ms R o
R R B ST L B RS 2w
G e R P e second

ghepper 4d.. 00 {Raludas %inﬁ&@@ﬁ&%@m.&&@%&%g@%ﬁs additionally

connected in the same way as the inductor 431 and the diode

iHORRRL Withdhi eendiguration, idhe frstchapper damdie Saeofductor 431 is
chopper 44, it is

interposed between the output end 31N of the first three-phase diode bridge 31 and the
emitter of the IGBT 412.  Also, the diode 43N has its anode connected to the output end
43N, and its cathode connected to the emitter of the IGBT 412.  The second chopper 44,
too, inchudes an inductor 441 and a diode 44N that are connected in the same way as the
inductor 431 and the diode 43N.
[0090]  With this configuration, in the first chopper 43 and the second chopper 44, it is
also possible to control the currents flowing to the negative side of the first three-phase
diode bridge 31 and to the negative side of the second three-phase diode bridge 32, and
no zero-phase current flows. This eliminates the need for an interphase reactor,
[0091]  Fourth Preferred Embodiment

When pulse width modulation is adopted in order to obtain desired waveforms

of the rectified currents ig; and iy as described in the first preferred embodiment, ripple

due to the modulation carrier C is superimposed on the rectified currents iy and ig.
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also possible to control the currents flowing to the negative side of the first

three-phase 20 diode bridge 31 and to the negative side of the second

three-phase diode bridge 32, and no zero-phase current flows. This

eliminates the need for an interphase reactor. [0091] Fourth Preferred

Embodiment When pulse width moduléfion is adopted in order to obtain

desired waveforms of the rectified currents idi and id2 as described in the
Tistarglerreghembosingnbiple 125 dueito the MOHAtQRKATLHEE iSree-phase

superimposed on the rectified currents ids andid2. 25 This causes ripple
ciftrthes crrents,jul Ackoidinglya, ihds ieerand ferheuimthe WyaeRagescheme for

currents i0, i, i,. Accordingly, this preferred embodiment describes a
rettherpehforipied utiagothie: dpplerdue to the carrier C. [0092] FIG. 16 is a

circuit diagram illustrating a configuration adopted in this preferred 5
[@bpdimiéntisgnd fongeneratingthiéusigralg T kantgliZadnthddyasisoflthepreferred

data Idl, 1d2 and Vd,. Unlike the PWM modulation block 84 of the first
cprasfdireticand delirnerirtlese fives coath FIGnd 2 Yhe difdrensial dmplified, 1o and

816 of this preferred embodiment is provided not with the carrier C but _
Maith HelaksdhoPAisislsbositdoshasevelhavs brirdcemeiembodipent described

carrier D is generated by a carrier generator 814. 10 [0093] That is, in this
‘W}éfuelr‘ﬁed%rﬂﬁo@ﬁ%ﬁf‘ﬂé@ﬁ@?&ﬁgﬁ%Pfﬁ@lﬁrgfe‘éﬁ% sMPpdémenhtidireyided not

by pulse width modulation on the basis.of the carrier C. and the operation .
"8 tsg%%beﬁ&':%‘gpﬁgﬁézcm%{ 2 %H%%ﬁ?é’é%“dﬂ’%ﬁ%&‘fﬁ% i gartier C.

T}%asis of tlbe. carrier D aving the same carger frequency as, and in
066%5% phleslsgéelfgfatﬁgqé frier ¢ ThiS r%éjﬁcge%'the ripple having the carrier

feayengy,in ﬁ]‘%ﬂ%ﬁ&f?%%éﬁ%t%ﬁ%ﬁ%‘%@ﬁa%%ﬁ‘lég%%n%‘f;t TR C?t’i}@% 31 is

diagram illustrating the acquisition o ata Idt and Vd, when

csifeHiideserined inithe third.preierrad embeiinetds Adpted e operation of

corresponds to FIG. 11. [0095] FIG. 18 is a graph illustrating the values of
(HRQGH@BES hpds 102 206mrenktiiteshiise width modulation on the basis of the carrier

D having the same carrier frequency as, and in opposite phase to, the carrier C.  This
cancels the ripple having the carrier frequency in the rectified currents ig; and ig.

(0094]  FIG. 17 15 a circuit diagram illusirating the acquisition of the data 1y, 13 and
Vae when the circuit described in the third preferred embodiment is adopted, which
corresponds to FIG. 11.

{0095] FIG. 18 is a graph illustrating the values of the currents iy, 1, and i, exhibited
when the configuration exhibited in FIG. 12 and the configuration exhibited in FIG. 17
are used. FIG. 19 is a graph illustrating the values of the currents 1,1, iy and i, exhibited
when the configuration exhibited in FIG. 16 and the configuration exhibited in FIG. 17
are used. The graph of FIG. 19 shows that the ripple is reduced as compared with the
graph of FIG. 18.

[0096] TFIG. 20 is a circuit diagram illustrating a modification of this preferred

embodiment, which is a circuit diagram illustrating a configuration for generating the
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when the configuration exhibited in FIG. 12 and the configuration exhibited
in FIG. 17 20 are used. FIG. 19 is a graph illustrating the values of the
currents i1, iu2 and i" exhibited when the configuration exhibited in FIG.
16 and the configuration exhibited in FIG. 17 are used. The graph of FIG.
19 shows that the ripple is reduced as?6ompared with the graph of FIG.
18. [0096] FIG. 20 is a circuit diagram illustrating a modification of this
sipheferredsZpemhodinenti whichdsiaeincuit diagram JIUSTARG @e configuration
configuration for generating the 26 signals Ti and T2 on the basis of the
desdatbd, e and, VdOHdnlike:therconfigu@tvu desaibed e K88 16 theitted in
waveform generator 806 and the multiplier 808 are omitted in the current
theommannd @enaratingdilack 82 tamnck ajihasel shifpdr 8l AhstaddtiGnallyadditionally
provided. The phase shifter 817 shifts by 15 degrees the phase of the
prowidedt creradessidiar 447 sloditpbytdd Byatee nitiphiee 80 Tha hemethgommand
phase shifter 817 outputs a current command value Id2* that is in
v ppbsite phadeddyHEcurEH o iand Vet éripkapoobrfandth/taigputs a current
configuration, the signals Ti and T2 are generated in the same way as in
cqHEneaAtiGiatieon BREISNCPIAER PRaseAPBF SEHEPAIETASHEYSs the
same carrier C as the carrier generator 813 and PWM modulfﬁtio is

) €A HE 6% AFH y Lh ro E BB e as

‘tt%e carrier generat 3 asin FIG. 12. [0098] When_ the carrier generator .
5 GENAAAL I cai Db BAARETEe, CoAaF ShraTmar e e

CSEJL'sSt 0 q’: P\ﬁ\élMﬁrggeq’gtlggi%%sagg r d %%1%'@@1{3‘ llss %@g?%%aa; this case, the

jaile!
generated in tite same way as In the configuration of the

cdipRle,having they carrier frequencyis.canceled indhe fectfied;qurrgnis idi

and id2. 15 [0099] Modifications The description above has shown

{@9%(?1p'%ﬂ%%ﬁ@&%%ﬂ@é%@fﬁhﬁ%@&@é%&:é"t%eioﬁrﬂ)’é’r tsad HB;E&*?{% B¥se to the
15 degrees with respect to the three-phase currents iu2, 42, i,2, but the

c@ﬁe@r;egéﬂeﬁmi@mzzaﬂda@msﬁm@@mmﬂwe.;spéﬂﬁmf@d,atﬁ@ wWhesIdheY g T2 are
glﬁ?}.erz‘atizei;l the same way as in the configuration of FIG. 16, and the ripple having the
carrier frequency is canceled in the rectified currents 14; and 1g.
[0099] Modifications

The description above has shown examples in which the three-phase currents
1u1, iv1. 1wt Jead in phase by 15 degrees with respect to the three-phase currents iy, iy2, iw2,
but the present invention can be constituted in the same way also when they lag in phase.
f0100]  Also, three-phase ac middle-phase waveforms have been suggested as the first
rectified current 147 and the second rectified current ig, but ordinary triangular waves may
be used instead. In this case, the choppers 41 to 44 can be controlled easily.
[0101] Also, configurations adopting three autotransformers 21, 22 and 23 as the
three-phase transformer 2 have been described, but the applications of the present

invention are not limited thereto. A three-phase transformer may be adopted in which

primary windings 211, 221, 231 and secondary windings 212, 222, 232 are coupled with
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[0100] Also, three-phase ac middle-phase waveforms have been
suggested as the first 20 rectified current idi and the second rectified
current id2, but ordinary triangular waves may be used instead. In this
case, the choppers 41 to 44 can be controlled easily. [0101] Also,
configurations adopting three autotrandformers 21, 22 and 23 as the
three-phase transformer 2 have been described, but the applications of
edbe pIRSEN dpvRRiN-are s %'é@iﬂ%dt&hﬁf%@ 2AlhesnRbase lansierMeting three
may be adopted in which 25 primary windings 211, 221, 231 and
pSecendandwindingsi212:nd22; L azdatecoupladivithvaidieach BhBI2 FOr2 coupled
example, it is possible to adopt a three-phase transformer having three
witimbgynwirdinge@hlia 22 v anith23 D ahdxbite € Seeendirywindidgsidd 2enter taps.
222, 232 coupled with them. The secondary windings 212, 222, 232 are
Th#l provatedwithngeritél tags. Thie gueireltg-adndiotrsl2and 224 {1988 egster taps are
delta-connected, and the three center taps are 5 individually connected to
ing ipadirrabtiepnpestindadoviriennerdiprimpeint windidstia pranarpoengdregs 212 and 222
connected together, a connection point at which the primary windings 222
3@@@@2‘5?@%@@%&@8%%%ﬁ?%ﬂﬁ%‘&ﬁﬁé@ﬁéﬁ‘%ﬁt‘&%&ﬁ%ﬁ% and 232 are

rimary windings 232 and 212 are connected together. Such a . .
RS A DS A R PRt A0 b R BRI Y EsBRghr 2nd 212

o5 [OrSxaple, 10 101021 Wiile e Inventian hias been desribed i defall, ;¢
e foregoing description’1s'in- all aspects illustrative and notrestrictive. [t

N?ﬂqu%%%%gu%%gw@&rg%s other modifications and variations can be

evise out departing fom the scope of the invention. 28 CLAIMS 1.

4y fOstifigy GiC Wl GRMRHISING. als! HueeRbesedioferidge ) iR ion is in
three input ends (31 U, 31V, 31 W) 5 and a pair of output ends (31P,

aB1hbpsadd firshithiee-rhasesliodehrdoe applyiOunderstood that numerous other

modifications and variations can be devised without departing from the scope of the

invention.
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full-wave rectification to currents (i" ,, i"i, ii) inputted to said input ends to

obtain a first rectified current (idi), and outputting said first rectified current

from one (31P) of said output ends; a first chopper (41; 43) having a pair

of output ends (41P, 41N; 43P, 43N), said 10 first chopper performing a

first chopper operation to receive a cu#ént having a fundamental

frequency of a first value as said first rectified current; a second

three-phase diode bridge (32) havipg thfgginput ends (32U, 32V, 32W)

and a pair of output ends (32P, 32N), said second three-phase diode

bridge applying full-wave rectification to currents O"2, 42, i,v2) inputted to

said input ends to 15 obtain a second rectified current (idz), and outputting

said secondyegtifige ettrgntfiapiwne (32P) of said output ends; and a

second chopper (42; 44) having a pair of output ends (42P, 42N; 44P,

44N), saifirsedonddheppésdecrfoigeingla secogdichoppart apdsatidh/t3 1V, 31W)

receive a current having a fundamental frequency of said first value as
ardid gueond tifiediedaréhtP26 88l paid dfisutputentssof dmidefisidge applying

chopper and said pair of output ends of said second chopper being _
feldrirrsEtersinipaiandy QurTHesEctifier drdurmabEs Hingith BRuHEIdsipiebiain a first

comprising an interphase reactor (71) which is connected to said input i
TRANS e uHiE it in ARkl SHARE NS 8 BribiERe o8HARr) ehideht WRihawe (31F) of said

currents (i.1, i,,, iwl) inputted to said input ends flow. 29 3. The rectifier
OBfRYiit%Ceording to claim 1, further comprising an interphase reactor (72)

e T D T TS

first chopper an hich sal c ows
fﬁ%?tﬁ%@é?”b%%?%ﬂ'é‘gatoﬁ‘%%%'r@h%pﬁ’%@%ﬁé@a%ﬁ)'g fiest,chaReer (4dkent having a
comprises:

fundamental frequency of a first value as said first rectified current;

a second three-phase diode bridge (32) having three input ends (32U, 32V,
32W) and a pair of output ends (32P, 32N), said second three-phase diode bridge
applying fuli-wave rectification to currents (1, v, iwp) Inputied to said input ends to
obtain a second rectified current (142), and outputting said second rectified current from
one (32P) of said output ends; and

a second chopper (42; 44) having a pair of output ends (42P, 42N; 44P, 44N),
said second chopper performing a second chopper operation to receive a current having a
fundamental frequency of said first value as said second rectified current,

said pair of output ends of said first chopper and said pair of output ends of said

second chopper being connected in parallel.

2. The rectifier circuit according to claim 1, further comprising an interphase
reactor (71) which is connected to said input ends of said first three-phase diode bridge

(31) and in which the currents (1,1, 1v1, 1w1) Inputted to said input ends flow.



ot

10

15

a first inductor (411) in which said first rectified current (idi) flows; a first

diode (413) having an anode connected to said one (31P) of said output

10 ends of said first three-phase diode bridge (31) through said first

inductor, and a cathode connected to one (43P) of said output ends of

said first chopper; a second inductor (2@1) connected to the other (31N) of

said output ends of said first three-phase diode bridge; a second diode

(434) having a cathode connected to said other (31N) of said 15 output

ends of said first three-phase diode bridge through said second inductor,

and an 3anoiie: ceaieateddoithecothiai43Nnoh shidiatitpuboendsvhsaidnterphase
first chopper; and a switching element (412) having a first end connected

retetitve Ahodbidi sambdirsttaidaerand saséfosidiord chrmeattelt toithe anddeid first

of said second diode, said switching element opening/closing between

chygigefistemavdnchsaid Sedoneiénd ceoraridiwhé@ivs-said second chopper

(44) comprises: a third inductor (421) in which said second rectified
current (id2) flows; a third diode (423) having an anode connected to said
one (32P) of said output, ends of said second three-phase diode bridge

(32) througH LargTHITEF iNERIEEGE R 1atile ‘connected to one (44P) of

said outpyt ends of said second, chopper; 25 a fourth inductor (441)
connecfggefg%%%{lﬁé?t f%rf(s%bag SPH}Bﬂf%Snds of said 30 second

b R e RS R

A 1L 1
connected 0 sal 0%1 sald output en sal

three-phage digde. ng%ehm}%?jg% %(?Jc‘}'dfé)%%&%%rsﬁﬁ &R0 A said output

connected to the other (44N) of said output ends of said second chopper;

o5 @ amitchingelsment(4e2hhaving p firshend Gonnegtadie the ARofeathode

of said third diode and a second end connected to the anode of said
chauethediadensaid Byvichioghement Areningisosing ketween. its said

first end and said second end.

a second inductor (431) connected to the other (31N) of said output ends of said
first three-phase diode bridge;

a second diode (434) having a cathode connected to said other (31N} of said
output ends of said first three-phase diode bridge through said second inductor, and an
anode connected to the other (43N) of said output ends of said first chopper; and

a switching element (412) having a first end connected to the anode of said first
diode and a second end connected to the anode of said second diode, said switching
element opening/closing between said first end and said second end,

and wherein said second chopper (44) comprises:

a third inductor (421) in which said second rectified current (ig) flows;

a third diode (423) having an anode connected to said one (32P) of said output
ends of said second three-phase diode bridge (32) through said third inductor, and a

cathode connected to one (44P) of said output ends of said second chopper;

a fourth inductor (441) connected to the other (32N) of said output ends of said
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5. The rectifier circuit according to claim 1, wherein said first chopper and
10 said second chopper are both step-up choppers. 6. The rectifier circuit
according to claim 1, wherein said first chopper operation is controlled by
pulse width modulation on the basis of a first modulation wave having a
carrier frequency, and said second chéBper operation is controlled by
pulse 15 width modulation on the basis of a second modulation wave

schavingsidcarigiireauensy and being in opposite phase to said first
modulation wave. 7. The rectifier circuit according to claim 1, further
comprisingasimiiothingl apadigr{aoankectaddnatallaldooskde AMEYtof said
ends of said first chopper and said 20 output ends of said second

owhoppedts 8f Fhe rectifiérluiccyibaccdraiiegtalgtathmolipivheikiofitbt inductor, and an
three-phase alternating currents (i.1, i,i, iwi) are inputted to said input

arseds (BRELIS tp, B What(daly) firssalt eatphosedsigdeidideend3ioprper; and
fundamental 25 frequency of said first three-phase alternating currents is )
a secoritl VIS iREIsMIBldfdaIdmY st VIR Qiackdt ithiBe-prrdse of said

alternating currents having mutual phase differences of 120 degrees at

third dipfardrarreglientiogeddeibarrasprhs himhdhefeusaif gvitching
"2, 42, i"2 i d id i ds, (31U, 31V, 31W) of said
e P BRI B B (837 O A et ey of said

second three-phase alternating currents is said second value and having
mutual phase differences of 120 degrees at the fundamental frequency,

and whareinpihete is, Pase diferenes ef %%91‘?gir,e%é%ﬂ?%af}cﬁnﬂ?sm%l%ﬁber and

frequency between said first three-phaSe alternatirig currents and sai

s38Genstheshhase Riteraating g%ggi;y,% 10 and wherein said first
sai

three-phase alternating currents an second three-phase alternating
currents each have a waveform which:

6. The rectifier circuit according to claim 1, wherein said first chopper
operation is controlled by pulse width modulation on the basis of a first modulation wave
having a carrier frequency, and said second chopper operation is controlled by pulse
width modulation on the basis of a second modulation wave having said carrier frequency

and being in opposite phase to said first modulation wave.

7. The rectifier circuit according to claim 1, further comprising a smoothing
capacitor (5) connected in parallel to said output ends of said first chopper and said

output ends of said second chopper.

8. The rectifier circuit according to claim 1,
wherein first three-phase alternating currents (i1, v, iwi) are inputted to said
input ends (31U, 31V, 31W) of said first three-phase diode bridge (31), a fundamental

frequency of said first three-phase alternating currents is a second value that is 1/6 of said
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() exhibits a crest in each of first and second sections both of which
continue in correspondence with a phase length of 60 degrees at the
fundamental frequency; (ii) exhibits a trough in each of continuous two
60-degree sections, in each of 15 third and fourth sections both of which
continue in correspondence with a phgée length of 60 degrees at the
fundamental frequency; and (iii) exhibits a flatter form as compared with
fis@ighhrestaiandi trougRsedpBachaabrfifinandisbih sactignmutbitibhase differences
correspond to a phase length of 60 degrees at the fundamental frequency
ofard Whgekeare the fandtec:hiasaidifisstanthéecond sections or by 20 said
third and fourth sections. 9. The rectifier circuit according to claim 8,
whereirsthendirefophast eltiemafingaitrfiesttiresphase altematingd to said input
currents and said second three-phase alternating currents exhibits a
enfiarigilar WaleIhWaiaffirsidosksanth sessarmnsp5igple] brigere rdetifierfundamental
circuit according to claim 8, wherein, in said first to fourth sections, the ,
frrmgaraTRY &1id Serraf SBIacHPbRiRraeRIEse SHErmAtitgedrrertadig wmd having
secqnd three-phase alternating currents exhibits a waveform formed by

mubibititg diisirrsshat i litirend Waleopmanat HhtSidal wave

exhibits frgm 0 degrege to 30 5 degrees.and a waveform that is left-right
symmeﬁ'?cgalvf e cﬁge €. I12A ar%eee-|rJIJP€|%Iéeemr:5C’E%ie(irBdéin\el%ge(szo%|c)t£|(§ir%lz1 damental

frE:h%er%cC tlgg{vx(r: Ir%ulta%ic 1?5&%?1%&%3&” %?t%i%'a IR 1c@rr%ot.saepn%% tﬁrggi'grﬂ?ﬁ%e&phase
tfranstormer that receives three-phase currents (ia, Iv, | a) a

a@g%&eg&%letﬁgquency of said three-phase currents is a second value that
is 1/6 of said first value and said three-phase currents having mutual

phase difgrengesial 120 daareqs al thgslundamenial feauaRCHRNANBLsecond
outputs first three-phase alternating currents (i" I, ivj, i,vr) having phase
tififferancesefikoitegiaesatior fundamentabirequraey respectively

(1) exhibits a crest in each of first and second sections both of which continue in
correspondence with a phase length of 60 degrees at the fundamental frequency;

(ii) exhibits a trough in each of coniinuous two 60-degree sections, in each of
third and fourth sections both of which continue in correspondence with a phase length of
60 degrees at the fundamental frequency; and

(iii) exhibits a flatter form as compared with said crests and troughs, in each of
fifth and sixth sections which correspond to a phase length of 60 degrees at the

fundamental frequency and which are separated by said first and second sections or by

said third and fourth sections.

9.  The rectifier circuit according to claim 8, wherein the waveform of each of
said first three-phase alternating currents and said second three-phase alternating currents

exhibits a triangular wave in said first to fourth sections.
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from said three-phase currents, and that also outputs second three-phase
alternating 15 currents (i"2, iv2, iw2) having phase differences of 30
degrees at the fundamental frequency from said first three-phase
currents. 12. The three-phase rectifier device according to claim 11,
wherein said three-phase transformerg(%) comprises three
autotransformers (21, 20 22, 23) each having a primary winding (211,

221, 23P). anpha seeEngayMnaiog 4212 1o 224in2 32 vaaupiedwvith G adigt to fourth
primary winding and having a center tap, said primary windings of said
scftiess atiotrangiommers’ areldelladdnfinctédcapdasaidieentengapuokeachnd said
said autotransfornier is connected to a connection point (U, V, W) that
sccontabisappaieofisaith prignanyrwitsdingshother tareiaid grimad) indingining a
25 coupled with said secondary winding to which said center tap belongs.
c @3¢ It Thaithiee phasevebtifiethievicenasesidingte etdihiriiraghBrépgree to 30
said three-phase transformer (2) comprises: three primary windings (211,
demrgespm coprad parding olelspeliivapisssl Brdes¥Yee secondary
windings 212, 222, 232) coupled with all of said primary windings and
each having a center tap, and wherein said primary windings are

delta-co neg%e%and said thr%e center ta§)s are individually connected to
three cornectid %%#ﬁ%sﬁj?c{},lw A Whi H‘grbséﬂgof said primary windings

are con %Cx:[gc i%?eg%@gt{it %goording to any of claims 1 to 10; and

a three-phase transformer (2) that receives three-phase currents (1, 1y, w), 2
fundamental frequency of said three-phase currents is a second value that is 1/6 of said
first value and said three-phase currents having mutual phase differences of 120 degrees
at the fundamental frequency, and that outputs first three-phase alternating currents (iu,
iv], iw1) having phase differences of 15 degrees at the fundamental frequency respectively
from said three-phase currents, and that also outputs second three-phase alternating

currents {1y, 1y2, 1wz2) having phase differences of 30 degrees at the fundamental frequency

from said first three-phase currents.

12.  The three-phase rectifier device according to claim 11,

wherein said three-phase transformer (2) comprises three autotransformers (21,
22, 23} each having a primary winding (211, 221, 232) and a secondary winding (212,
222, 232) coupled with said primary winding and having a center tap,

said primary windings of said three autotransformers are delta-connected, and

said center tap of each said autotransformer is connected to a connection point
(U, V, W) that connects a pair of said primary windings other than said primary winding

coupled with said secondary winding to which said center tap belongs.
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13. The three-phase rectifier device according to claim 11,

wherein said three-phase transformer (2) comprises:

three primary windings (211, 221, 231) corresponding to respective phases; and

three secondary windings 212, 222, 232) coupled with all of said primary
windings and each having a center tap,

and wherein said primary windings are deita-connected, and

said three center taps are individually connected to three connection points (U,

V., W) at which a pair of said primary windings are connected together.



