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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 harmonics are generated due to the
loads of rectifiers. This increases the possibility of overheating or
breakage of phase advance capacitors and transformers of power
systems 10 due to the harmonicletifeRirTherefore, there is a demand to
suppress harmonics of the rectified current obtained on the basis of a
three-pHalse PoWat SUREIY (foreNarhTREDS HedaridBif-FIBE§1 dFov3 Ay,
[0003] In a common three-phase rectifier circuit, six steps appear in one
period of tikniggrFaptdvaveform. In general, with an n-step current
waveform, the lowest-order 15 harmonic is of the (n-1)th. Then, the ,

[P onit PRIV FRUBR AL TR TURERHBHER FrAaReT: ArhRardsigey ©
fifth and seventh harmonics significantly appear. [0004] Accordingly,

ﬁtegéwﬁﬁ ?Jd:??gt%p TP predsiiy Harmonics are proposed, for example by
Non-PatﬁQg D%%%@%r}ﬁs | and 2 and Patent Document 1. These schemes
adopt a téchmnique called multiple rectification, and Non-Patent

[&Rﬁzmeﬁ;ﬁhl fpd %fiq&%(ﬂ&%% 20stechniguesdp Whigheash iBeRlASEounts of

currents generates 12 pulses in one period, and "two rectifier circuits are

heAnBsEiedineatalieh tah & lead Ghis tgchuiausds hereinalierskefarcashisivility of

as "12-pulse rectification”). Also, Patent Document 1 discloses a
olechpigue Jnmhichbeaghhphpolphase eprans ganataiefoh84pulseadiver systems

one period, and three rectifier

due to the harmonic current.  Therefore, there is a demand to suppress harmonics of the
rectified current obtained on the basis of a three-phase power supply (for example, JIS
standard JISC61000-3-2).

[0003] In a commen 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 is of the (n-1)th. Then, the harmonic content with 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 polyphasé currents generates 18 pulses in one period, and three rectifier

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

“18-pulse rectification™. Adopting these techniques eliminates the fifth, seventh, or
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circuits are connected in parallel to the load (this technique is hereinafter
referred to as 25 "18-pulse rectification"). Adopting these techniques
eliminates the fifth, seventh, or 2 eleventh, thirteenth harmonic
components. [0005] Non-Patent Document 2 provides an additional coil to
an interphase reactor connecting the Butputs of two rectifier circuits
together, in order to improve the current waveform in 12-pulse
eleﬁr%%tgﬁgﬁtiriﬁgé ,%lllt?rnatingccurrent IS a plied to the coil, so as to 5 inject a

Ao CoOmponen ..
curre e |r213trerp ase re%clfor. his improves the current waveform

[Od&gwtegio@ﬁg%ﬁaﬁ%@{ﬁk% fg r%@@é{}'@g&hﬁi&%ghﬁ?e@%ﬁ f.t u{iﬁe%é%%%g@l reactor

ever, Injecting a current into an interphase reactor with an additiona

cofRibiifs HRsShne inANRR-RateN Racumeni2EIUH R APRY RS%:Rove the current

complicated waveform to the coil. Non-Patent Document 2 avoids such a

waseplicated warefermnrrad ApPligsareitdanawar waustrdhe ¢l so as to

then distortion remains in the input current as a natural result. Also, the
injd@vicaifentnjecting susrehidntedheinterphase reastandscaasfiguse@diorm inputted
complicatedly, or a separate voltage source is required. [0007] Choppers
to theseribgdriatefon theapriefetned 2mbediofents@are introduced in
Non-Patent Document 3. 15 [0008] Patent Document 1: Japanese Patent
[00G0H Oplerwbicr 584ES4TE 1 La84 Nt Nun-Rateitr Dosensentol VHibam additional coil,
Matsumoto, "Twelve-pulse Converter with Autotransformer Connection”,
as JersTihsttindNontisemdaremainedrsatapanp  Tighs setisns Bed otavgons. to the
8, pp. 406-412 Non-Patent Document 2: Sewan Choi, P.N. Enjeti, H. Lee
coidnd NendiEnt DO e actRieifte iIRAse FORREFY Y PIRES Fechfiérapplies a

. provides clean power. utjlit 1ilnter ace”, IEEE Trans. Ir}]:d' Applieat., vol. 32, |
m%”é‘}rpb@i%&-i}gff%i Y 5 en distortion remains in the input current as a natura

result.  Also, the device 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: Hisac Matsumoto, “Twelve-pulse Converter with
Autotransformer Connection”, The Institute of Electrical Engineers of Japan,
Transactions B, vol. 96, no. &, pp. 406-412

Non-Patent Document 2: Sewan Choi, P.N. Enjeti, H. Lee and LL. Pitel: A
new active inierphase reactor for 12-pulse rectifiers provides clean power utility
interface”, IEEE Trans. Ind. Applicat., vol. 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
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Non-Patent Document 3: Takao Hirasa, "Power Electronics”, Kyoritsu

Shuppan Co., Ltd, pp. 77-90, 1992 Disclosure of the Invention 25 3

[0009] Embodiments of the present invention seek 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 may be easily

made close to sinusoidal waves. [0010] In accordance with a first aspect

e present inventign, there is provided a 5 rectifier circuit comprising: .
o R e T T RS SR whien

cofIPLEEAMR, SR I@E%%]?Qf&%}%?%%%ﬁé’%‘?}%)gﬁ%l %8&'%9%&%%‘1«%‘@ currepts given

rectificationfo™ currents inputted to ut ends to obtain a first rectified”

o SUHERbIARGQHIPYING Saidyuirstapetified cyrens Giamans of.seid output

ends; a first chopper having a pair of output ends , said first chopper

fowerforning.aofisshehonnes aperatipRAoegRIVE AGH TENRRVNE Y provided a
fundamental frequency of a first value as said first rectified current; a

recEandrifieeophasen gied-hridge -hayingiibdeerinipst ienas.aneba ipait @hds and a
output ends, said second three-phase diode bridge applying full-wave

panecfibogiiarend curidnfissingutteghizssdid dapuidrdsidyviahtaii -avsecondification to
rectified current, and outputting said second rectified current from one of

cugaidsonpuitedrdssaadsapohendh op pétiraviriygsa pairfofdoutpanenas], @ajiting said
second chopper 15 performing a second chopper operation to receive a

firguireinli¢raointpal flipaarme niatafdejipwcyies saidtfitshoanse beysdid Sesomdoutput
rectified current, said pair of output ends of said first chopper and said .

engniSBIOEHRORBS GRERIIBE SN SHOPER eI HERR EFSEITS JoaRal;having 2
and an interphase reactor which is cor_;%%cted between a pair of output

> R
fungamegia HriRrarYre - HRL S8 Bt Bug B B H paif BT TRp & raR b essgphase

diggg tb%hcpg%qgarv?rg]g tilglree input ends and a pair of output ends, said second three-phase
diode bridge applying full-wave rectification to currents inputted to said input ends to
obtain 2 second rectified current, and outputting said second rectified current from one of
said output ends; a second chopper having a pair of output ends , said second chopper
performing a second chopper operation to receive & 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; and an interphase reactor which is connected between a pair of output ends of
said first three-phase diode bridge and a pair of input ends of said first chopper and in
which said first rectified current flows.

f0011]  According to embodiments of the present invention, the rectifier circuit further
comprises an interphase reactor which is connected to said input ends of said first
three-phase diode bridge and in which the currents inputted to said input ends flow.

[0012]  According to embodiments of the present invention, the
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20 which said first rectified current flows. [0011] According to

embodiments of the present invention, the rectifier circuit further

comprises an interphase reactor which is connected to said input ends of

said first three-phase diode bridge and in which the currents inputted to

said input ends flow. [0012] Accordingito embodiments of the present

invention, the 4 rectifier circuit further comprises an interphase reactor

which is conpected between said first three-phase, diode bridge and said .
SR e R S
s 3oFaneR iR . 56500 Aspectotilie Brssent INPRION RIS st rectified

prowdeg a5 rectifier cifcuit comprising: a fiFdt ﬁwree-p’hase iode rlcfge
cufaying,three input ends and a pair of output ends. said first three-phase

diode bridge applying full-wave rectification to currents inputted to said

[odnpyt epds o Rhitain Qifitst secifiegspucremtarnsd-QuipHitingisaidnfitsts provided a

rectified current from one of said output ends; a first chopper having a pair

re@RutEHEu QNG Saichirst chopRes PRHe NG dfifslonopReIBEIaHNdMs and a
receive a current having a 10 fundamental frequency of a first value as

paBaid figtueetifieddurfent lacepbnd ticele-ptidge agdiddm pridgehayingtification to
three input ends and a pair of output ends, said second three-phase

cutiode ibpdgedapplyia gofull-emisctvedtificatioir o rcareadscinputteshtd sdjsitting said
input ends to obtain a second rectified current, and outputting said

firgegeht 9@ etifisd Ldipre il ofsaidecotpBhihdu th i erdheraedusntcchopp e output
having a pair of output ends, said second chopper 15 performing a second

engh oISk Lo SRR tBTE BBl PRITBRANBPS T IIRIN P RAIV fra GUEBRBY Isring a
said first value as said second rectified current, said pair of output ends of

fungep et ROPISEF AA S AR pAG O BNS B LS REEBRA chbefhrec-phase
aibEng comecled i paralel wherein said frst chopner comprises;a frst ..
diode bridge applying full-wave rectification te currents inputted to said inpuf ends fo
obtain a second rectified current, and outputting said second rectified current from one of
said output ends; a second chopper having a pair of output ends, 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, wherein said first chopper comprises: a first inductor in which said first rectified
current flows; a first diode having an anode connected to said one of said output ends of
said first three-phase diode bridge through said first inductor, and a cathode connected to
one of said output ends of said first chopper; a second inductor connected to the other of
said output ends of said first three-phase diode bridge; a second diode having a cathode
connected to said other of said output ends of said first three-phase diode bridge through
said second inductor, and an anode connected to the other of said output ends of said first

chopper; and a switching element having a first end connected to the anode of said first
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current flows; a first diode having an anode connected to said one of said
output ends of 20 said first three-phase diode bridge through said first

inductor, and a cathode connected to one of said output ends of said first
chopper; a second inductor connected to the other of said output ends of

said first three-phase diode bridge; a $econd diode having a cathode
connected to said other of said output ends of said first three-phase diode

throu h .said secon ar, connected.to the
o PR Bt S o i S ST SRS S onne

cleiRyYing Efé/a%giﬁ ‘%‘\%‘?ﬁ! ts%‘cﬁ‘?i oe 5| %5 éaéglﬁr é dhqdigde @herem said

secon conne ecatho sal second diode, said switching

sec%m'% &e&iﬂg!ﬁk%'%R?&WE&E&%W%&D%&P%&&&Q PRGN %ngﬂpﬁowq a

wherein sald second chopper comprises: a third inductor in which said
thiReaanet nestiiedauirRak flawss @ thitd girdsniayingAnARRHe-6a0eWEaE second
to said one of said output ends of said second 5 three-phase diode bridge
thriarplgle sadd dhirdh iRdtietaigiand A athosicennested detone ebsaitied to one of
output ends of said second chopper; a fourth inductor connected to the
saidthemof said «duipdtsendssiofisaipesecdnd thiediphasa diededridge: ather of said
fourth diode having a cathode connected to said other of said output ends
oughéaicks egortldvamphdisedidvecddge tndeaynshidfourtidindaciog, ardthode
an anode connected to the other of said output ends of 10 said second
corgspise foafdda istchingredepveptthemdiged firdd eisdossnHuetephrsehdiode bridge
anode of said third diode and a second end connected to the cathode of
’Eh«rgaaﬁlﬁaﬁitﬁ%%%éﬂf&&i@rsw&mh@l@wwéﬁiﬁgiéﬁ@mam&%%m@uﬁ ends of

said first end and said second end. 5 [0014] According to embodiments of
S%%@f%@& PRGBS TR SR S A B8y ﬁ?i?&?’éﬂ&ﬁﬁ’é‘?c ftedhy anode of

er,are both.step-u cho ers. J0015] A t
Saié m%% ?tﬁes%cr%ns%r? ﬁmve on |n1ﬁ1e£rec |er CII‘CUI %al%mh diode, said

switching element opening/closing between its said first end and said second end.
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first chopper operation is controlled by pulse width modulation on the

basis of a first 5 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. [0016] According to

embodiments of the present invention,&he rectifier circuit further

comprises a smoothing capacitor connected in parallel to said output ends
[0QFdaid Aiesprdme o sperging sdidob tiputresmds ofsalibseootick ckopper circuit, said

[0017] According to embodiments of the present invention, in the rectifier
firgh PR stndniae-pease ehenpritig befraie-apchapured to said input

ends of said first three-phase diode bridge, a fundamental frequency of
[O%E4) firSrHHFERIBHASE RS R ute RIS TEA 1S Eeipy MBI Rak i1 9y gpuit, said

said first value and said first]ihree-has alterpating currents 15 having

firsh SHORRSh SPS HEER R BP S Gograss RtH: RRCHRTOR L EguBRRy, of a first

cond_three-phase alternating currents are inputted to said input . .
m()%rl\%ﬁsﬁg sal Vge(%‘ril%%h?eec?p ]%rsaeitm ode bridge, & unsc?gﬁ{ént%?ﬁpéjﬁbe%?aﬁon '

coﬁ&éﬁéﬂ %?*C%(ﬂﬂ et%ﬁf‘{ho ’ ﬁ%@ﬁSﬁ”&}&'%“H&é&”&% iéc’ 2 (i)é%? elﬁogltg.a\.{%lglew%gg having

having mutual phase differences of 120 degrees at the fundamenta

saill aHERYeRRAWNSIEIR there is 2 ahase.diffsrense:af 30.degrpes.akibe

fundamental 20 frequency between said first 6 three-phase alternating

[oEwTentsRpeigaid seaonidiiiigespiTase sHamatipeaHIRNS: ANdiMPEIRIR: further

said first three-phase alternating currents and said second three-phase

colpeisratingnmowtents @pebitave meayeiormpawichi (i sa¥hiitsua 6rastdn said first
each of first and second sections both of which continue in

chaoreespdndenoewithra pbasedeagthdofitstegrees at 5 the fundamental
frequency; (ii) exhibits a trough in each of continuous two 60-degree

[0®edtionscentdhtofairddamd:fouriseptionsbotkai whichtcontnifesincircuit, first
correspondence
three-phase aliernating currents are inputted to said input ends of said first three-phase
diode bridge, 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 currents
having mutual phase differences of 120 degrees at the fundamental frequency, and second
three-phase alternating currents are inputted to said input ends of said second three-phase
diode bridge, 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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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 10 separated by

said first and second sections or by said third and fourth sections. [0018]

According to embodiments of the pres%nt invention, in the rectifier circuit,

the waveform of each of said first three-phase alternating currents and
thregriphsse cH IR phiasas @A atiig eerradtdlenpibiesa eingtiiag watienss. and

said first to fourth sections, [0019] According to embodiments of the ,
whsrelettishiET BT RRE Rl B CUR RIS daiaifiraci ol sdegeabemating

the waveform of each of said first three-phase alternating currents and
Cuga?assaﬂ&&qéaffﬁeaewé%fg%ta%ﬁﬁhg@ TR C LS 1 B Dt A second

biy cam inirf1 g.c rve %hat is similar to %Wavefmjm thﬁ\ta inu oidta nge
SeCLIIL q?() O % 1 COTY 1tnu§ 11, COITeSPOoL %I]CG WIth arp at?'le Tenot 01 egarees at
exhibits from egree 10° 30 degrees and a‘waveform that isHeft-right

.the?u%%gﬁ%llt?réﬁtelet:%x%wegii[)og%géi@ 9%%(%5%?qgee%éﬁhc% tp(i)gl gt?g scg&gt%&degree

resent invention, there is‘provided a ree-phase recti evice

se RPN S ANG TR GRS IFGHIRACCATANOIRiNG WA 356A0C BSPSEEpondence

and a three-phase transformer that receives three-phase currents, a

wifl @fjgﬁsgﬂ@ldgﬁeg%o%@fea@m theerRRase cUHeniRR @ 888eRd valugthatiater
(0}

is1 said first value and said three-phase currents 7 having mutual

forghasedlifferencestoiddQ degrees abihasfundameotat frequeneythandbat which
outputs first three-phase alternating currents having phase differences of

cokEspegiaesaatithe fundameniatifregeencyhrefpekiivelyafrérysaidy and which are
three-phase currents, and that also outputs second three-phase
sersiteigrbbingaol fren sl aeing p bagedifferencasd 6fi8Daddesthatthers.
fundamental frequency from said first three-phase alternating currents.
[040BD 1] Accwrdiirg ttocerbbduneiiatelchenerprasdnvimiention (e tetifier circuit, the
three-phase rectifier . .
waveform of each of said first three-phase alternating currents and said second
three-phase alternating currents exhibits a triangular wave 1 said first to fourth sections.
[0019]  According to embodiments of the present invention, in the rectifier circuit, in
said first to fourth sections, the waveform of each of said first three-phase aliernating
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 lefl-right symmetrical to the curve.
[0020] In accordance with a third aspect of the present invention, there ts provided a
three-phase rectifier device comprising: the rectifier circuit according to the first or
second aspects; and a three-phase transformer that receives three-phase currents, a

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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device, said three-phase transformer comprises three autotransformers

each having a primary winding and a secondary winding coupled with

said primary winding and having a center tap, said primary windings of

said three autotransformers are delta-connected, and 10 said center tap of

each said autotransformer is connected to a connection point that

connects a pair of said primary windings other than said primary winding
havagomd it hastadBesngaryovihtingeirith tBaifeeptestab Bemsgey, and that

{OO 2 Accordln to embodiments of the present invention, in the

OUYRY el HAEE RS, AHETIRENS SRS PHAS P HAN FHSTERESAbrSeieerees at the
three ndn orre ndn respective phases; a d three
il aﬁﬂ%aé AR %ﬂr@&fﬁ 56 6 masa&ﬁ&é%@&% outputs
avmt%ra celnter taiP and wherein saj pnma win
sec ee- 5 \1

Naling, urrents ASE . g? of 30 degrvees at the
a-con ed and safd three cen l%gp% are in g’uaﬁy connect&ﬁ

fu%%%é%%é‘?@%%t S e SR recon
fodBYpntian when asmoathing.caraciier ,20d3:cavnestad it RRIAIRLIBING reciificr

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

desreondighgppeprand firstdaraa-phasealarnaling susants0awhe dach having a
fundamental frequency of a 8 second value that is 1/6 of the first value

prist@-provided todhestisshthieesphise chagdr bridgesarnstiseeondinding and having a
three-phase alternating currents having phase differences of 30 degrees

cefframaphedidsptimes-phasnaltefmstid gicosremistare joravidedrtoditie seeanded, and
three-phase diode bridge, then the currents flowing in the transformer for

saigugpottindgathefirst@ndasé condiBahiessphasecaltesn@tinty carrentsehay hwint that
made close to sinusoidal waves. Also, the dc component of voltage can

comeeesrtrbisdoéa8ily batrusavindioenedlas Parormedbyasingnéisppersled with
said secondary winding to which said center tap belongs.
[0022]  According to embodiments of the present invention, in the three-phase rectifier

device, said three-phase transformer comprises: three primary windings corresponding to

respective phases; and three secondary windings 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 at which a pair
of said primary windings are connected together.

[0023]  According to embodiments of the present invention. when a smoothing capacitor
is connected in parallel to the pair of output ends of the first chopper and the pair of output
ends of the second chopper, and first three-phase alternating currents having a fundamental

frequency of a
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[0024] According to embodiments of the present invention, even when a
neutral point corresponding to the first three-phase alternating currents
and a neutral point 10 corresponding to the second three-phase
alternating currents are not insulated and zero-phase voltage having a
fundamental frequency of a third valuefthat is 1/2 of the first value is
generated, it may be possible to suppress current flowing on the basis of

seqpied yeheephride Volwigee[Do25RNecsrdmei6shibdtirientdistthbasredione bridge,
invention, no interphase reactor may 15 be required. [0026] According to

ang FR56HIBIRE DAt BIESEHD CRIEDY, iRden g&ﬁ%ﬁpéf eBfoRbge dpgires from
be controlled, and dc voltage higher than the peak value of the

theo G BTRS R ARG A AT B BRAINEE. P50 FFACCOHIME R M bBETREAs diode
.af the, present inventign, ripple having the carrier 20 frequency may be

brifodhe (IOZRTA ORI 16 BBt RT e prBSRN Hh dRtGHSited second

@R voliage.may be. smogihed 90301 Ageording fo.emhodiments 8f, e g
th presenflnven on, it mayHE possible to prowdg appropria e?fgfpufgse 50, the de

coﬁ%?&%%té Vcﬁ%&ﬁatgg Jstdhreephiase edct'sqg’abggglgs% and é&%x%?qg%gﬂ%én ed by using

three-phase diode bridge. [0030] These and other objects, features,
¢ts and advantages of the present 9 invention will become more
chBRR&S! . . nv - more
apparent from the following detailed description of the present invention

[00vBEN takep:nEoRjuRHem Wi ihe arcersRanYing aiawirgsn Bigh a neutral point
Description of the Drawings [0031] FIG. 1 is a circuit diagram used to

coftesariting fitst piefefied ethhediment afithieating currents and a neutral point

corresponding to the second three-phase alternating currents are not insulated and

zero-phase voltage having a fundamental frequency of a third value that is 1/2 of the first

value is generated, it may be possible to suppress current flowing on the basis of the

zero-phase voltage.

[0025]  According to embodiments of the present invention, no interphase reactor may

be required.

[0026]  According to embodiments of the present invention, the dc component of voltage

may be controlled, and de voltage higher than the peak value of the power-supply voltage

may be obtained.

[0027]  According to embodiments of the present invention, ripple having the carrier

frequency may be reduced.

[0028]  According to embodiments of the present invention, the output voltage may be

smoothed.

[0029] According to embodiments of the present invention, it may be 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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5 present invention. FIG. 2 is a circuit diagram illustrating the configuration
of a first three-phase diode bridge. FIG. 3 is a circuit diagram illustrating
the configuration of a second three-phase diode bridge. 10 FIG. 4 is a
circuit diagram illustrating the details of a three-phase transformer. FIG. 5
is a phasor diagram illustrating voltag@s in individual parts of the

three phase transformer. FIG. 6 is a graph iIIustrating desired waveforms

im QISR EIC: Tisagiaphlisiatng e waveloms of curents A8

IS agrap g tne waverorms o secon I’eCtI?Ie

mv%a%ruﬁleﬂ%e.%sc&gmeﬁow%ﬁﬁh@%&@&g%xg%@r&wrem FIG. 10 is

a graph illustrating the waveforms of currerits iS & Circuit diagram
illustragingrprds Rlithe.canfiguaion shown in FIG. 1. FIG. 12 is a circuit

diagram illustrating a configuration for generating signals on 20 the basis

[009f atapieges. £lGedis ifaaiculdiagmRmssed raencribrd S860Mcthent of the
preferred embodiment of the present invention. 10 FIG. 14 is a circuit

presiagiaghiibistrating a modification of the second preferred embodiment of
the present invention. FIG. 15 is a circuit diagram used to describe a third
prefertdd embadimentiofetive plesentinuentionidniaten b6 dSfiascineetitphase diode
diagram illustrating a configuration for generating signals
bridge.
FIG. 3 1s a circuit diagram illustrating the configuration of a second three-phase
diode bridge.
F1G. 4 is a circuit diagram illustrating the details of a three-phase transformer .
FIG. 5 is a phasor diagram illustrating voltages in individual paﬁs of the
three-phase transformer.
FIG. 6 is a graph illustrating desired waveforms of currents.
FIG. 7 15 a graph illustrating the waveforms of currents.
FIG. 8 1s a graph illustrating the waveforms of first and second rectified currents.
FIG. 9 is a graph illustrating the waveform of current.
FIG. 10 1s a graph illusirating the waveforms of currents.
FIG. 11 1s a circuit diagram iHustrating parts of the configuration shown in FIG. 1.
FIG. 12 is a circuit diagram ilustrating a configuration for generating signals on
the basts of data pieces.

FIG. 13 is a circuilt diagram used to describe a second preferred embodiment of the

present invention.
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on the basis of data pieces in a fourth preferred embodiment of the
present invention. FIG. 17 is a circuit diagram illustrating the acquisition of
data conducted when a circuit described in the third preferred
embodiment of the invention is used. FIG. 18 is a graph illustrating current
values exhibited when the configuratign 10 shown in FIG. 12 and the
configuration of FIG. 17 are used. FIG. 19 is a graph illustrating current
values ed when th onf uration .shown in.E1G. 16 and the
conf.gﬁﬁ AT IR e OA LU A et grafered
|f|ca;ch)P ftf}g fou,flrltnhV rgftﬂ,ferred embodiment of the present invention.
é i8¢ éarrylng oUt the Invention [0032] First Preferred

Emboc'ﬁfé.‘?”ff S, Lt @i iadramised I desgh Qﬁg@eﬁ*&ﬁe‘a@f%&&mem of

embodiment of the present invention. A first three-phase diode bridge 31
hesecond,thyaesphase diode bridge 32, a first chopper 41, and a second
chopper 42 constitute a rectifier circuit. The 20 rectifier circuit may be

graspegias inclydingrausMRathinginapasies a- A1NLLpBASR thaRSIMRIekignals
2 constitutes a three-phase rectifier device together with the rectifier

onGlebiisi{RAI]altiedhiraeafhastd ransieireibddaaeies theagdbasevention.
currents i,,, i, iw from a three-phase power supply 1, and outputs first

three-pFidsel @ltemating odiarents iliusiizing tandecseconontbifebyphaseucted when
alternating currents i",, i2, i.2 25 [0034] The three-phase power supply 1

a cimehiddeseribephages powkprstippiy tobodinenvashbsapowienssppi.-102,
and a Wéhase power suBg)ly 103, respectively generating three-phase

voltaged's;, | 8vs @ngrametll W&W@ﬂ%ﬁi&ﬁﬁﬁ eohithed\whradbepewéguration

supply 102, and the W-phase power supply 103 respectively supply the
sh W%E}%/dﬂggéz and the cogﬁguraP ion of Flé) p%are used p y supply

FIG. 19 is a graph illustrating current values exhibited when the configuration
shown in FIG. 16 and the configuration of FIG. 17 are used.

FIG. 20 is 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 1s a circuif diagram used to describe a first 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, iy, iy from a
three-phase power supply 1, and outputs first three-phase alternating currents iyi, Iyi, lwi
and second three-phase alternating currents iy, iva, iwa.

[0034] The three-phase power supply 1 includes a U-phase power supply 101, a
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currents i,,, i,, iw. 5 [0035] The first three-phase diode bridge 31 receives

the three-phase currents i" 1, ivl, .iw, and outputs a first rectified current

idl. The second three-phase diode bridge 32 receives the three-phase

currents iu2, i 2, iw*2, and outputs a second rectified current id2 [0036]

FIG. 2 is a circuit diagram illustrating the configuration of the first

three-phase diode bridge 31. The firsilﬁhree-phase diode bridge 31 has

input ends 31U, 31V, 11 W 10 and output ends 31P and 3IN. It applies
Vighasaye veetifigption 40, thedcurmenisdnpwiedrtadhaynmud eadsediid ¥ B¥anerating

31W, and outputs the first rectified current idi from the output end 31P. In
ththéspreiervettembodiment,. thgibreehaseoursenispbl, Ml Miaré-phase power

inputted to the input ends 31U, 31V, 31W. [0037] FIG. 3 is a circuit
sugiplg rd il lastiating thelconfigurationuoflthd 62 cenped b ¢hreespiasteliddec-phase

bridge 32. The second three-phase diode bridge 32 has input ends 32U,
CBIISIAM-drd output ends 32P and 32N. It applies full-wave rectification

to the currents inputted to the input ends 32U, 32V, 32W, and outputs the
[08¢ebnd teetiiest t@ﬁﬁr@hﬁaziwé?n%még@&édﬁéﬁwzﬁm IRXPRSPBASFERHBEFDLS 1ut, v,
. embaodiment, the three-phase currents i"2, iv2, i,2 are inputted to the input

T3P Es\A BB 0SB PRE Hirst chdpPer e pRifsrbess flgde bridge 32

reghgpg%‘g ot%lerati%n to reclei‘}/e the first rec&ified current idrigas“‘%éur ent .

whose findamentar frequendyigs wrSt Y QHBY T Rei SO Uit Part GF thae:

[Of(')gsédrecﬂfféqj: %lsr%e%‘clzd if3i3 I;Ig% 101511? RingUHE r(]:talrl%'l'u-rg%gg o1 de J%h qagleer&phase
42 performs a Second chopper operation To receivethe second rec itie

JiBHY BRG2 32S argurient whose lupdamenialireauency has thelirst valiey 51w
a

Then it outputs part of the 25 second rectified current i s a second

arkNOPRRE EHAENT. 2nd 3 11Q03R1 RS PIRTGHGE RGN, e fiSlents inputted
chopper 41 and the second chopper 42

to the mput ends 31U, 31V, 31W, and outputs the first rectified current ig; from the
output end 31P. In this preferred embodiment, the three-phase currents iy, iy, 1w are
inputted 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 1g; from the output end 32P. In this preferred embodiment, the three-phase
currents iy, 1v2, iwy 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 iq; as a current whose fundamental frequency has a first value. Then it
outputs part of the first rectified current i4; as a first chopper current i;. The second
chopper 42 performs a second chopper operation to receive the second rectified current iy

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 ig.
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are step-up choppers. Specifically, the first chopper 41 has output ends

41P and 41N, and outputs the first chopper current id from the output end

41P. The first chopper 41 has an inductor 411 that is connected to the

output end 31P of the first three-phase diode 5 bridge 31 and receives the

first rectified current ids. The collector of an insulated gate bipolar

transistor (IGBT) 412 and the anode of‘a diode 413 are connected in

common, and connected to the output end 31P through the inductor 411.
(0036 catiodes of-tierdid denidliBrisraptine fhed chativee ndipat @t 4tBoribhehopper 42

output ends 31N and 41.N are connected in common to the emitter of the
artGBRP-4p 2 bhecGB TSaddfonittioths 454 svifghing! Toelenmenetilt41P and 41N,

opens/closes between its collector and emitter. [0040] In correspondence
angjitrtpietothp dirainehe AP eEeEatLN, fHemicte? QUPYGRT 412, dhe Histehopper 41

413, the second chopper 42 includes output ends 42P and 42N, an _
hanapdisignr 4 5h thes wweaid B diewing, Ak He Yebsiuthbssatase diode

outputs the second chopper current ill from the qutput end 42P. 15.[0041
OrElRE BT RGPS T ERP IS CSHSEI in paFa TS Biecb it Wk e

4 d 42N, [ lel to t thi itor 5. A lpad 6
blpgf':u‘ %rel.é%s[les%)r a&%ﬁsgily %?c{%% aglt%cri‘g S a0810€%?£§3§%%§| S%%Bﬁ% 8&\)/% common,

s conn In* parallel to the smocthing capaci

a&§e%(§ﬁé%§ﬁqovgléa&%p¥qgnq yf% tﬁ%%%gz; % hﬁ%ﬂ%'%%g? [O%glé%ﬁ de of the diode

above, the tirst chopper 4 e second chopper 420have

4196l Z0.eutnut eRds conertedip Parglielwith thasmeething 0aRRCERhRcted in

and so the current of the first chopper current i.1 and the second chopper

cHHFRA! I62RECLONIPUAUSLIOIIAGIQN BS aIRUIERTSAUICEuARPYs a switching
adopting step-up type as the first chopper 41 and the second chopper 42,

clérifepOSsiDipdasehtain Berveliage tbatisdigheediiansthe peak values of the
three-phase voltages e,,, e, ew. Also, by providing the smoothing
[ (=0 Citan Dotkésp@idpassibit thsmapth thdwottputnvoltiigeinductor 411, IGBT 412,
and diode 413, the second chopper 42 includes output ends 42P and 42N, an inductor 421,
an IGBT 422, and a diode 423, and the second chopper 42 ouiputs the second chopper
current ig; from the output end 42P.
[0641]  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
paratlel 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 ie; are continuous to function as a
current source. Also, by adopting step-up type as. the first chopper 41 and the second
chopper 42, it is possible to obtdin dc voltage that is higher than the peak values of the
three-phase voltages e, e,, ey,. 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-phase input end U and a W-phase
input end 5 W, and a secondary winding 212 coupled with it and having a
center tap. The secondary winding 212 is divided into secondary windings
1024211 ahtiR 122 byitheicdntentaplukhetioenterdegiis obnretted-fthase transformer
V-phase input end V. While the number of turns of the primary winding
2, 2whiighnij, thiestambeimofMNanaatiiotPoofithenselofidargxwindings P2 three-phase
and 2122 is n2, and the value shown by Expression (1) is adopted as the
traptformer [@)@MH’@E@(&F@%@W@waﬁ(@ﬁlzﬂzﬁlﬁ . {hy auqbeaspringiel! has a
same way, the autotransformer 22 has a primary Wlndlh? 221 connected

PIHBAeRH e Ioner s e 9tah o thBave path SFlpse input end
d di 5222 led
Ak éﬁ.gla‘fs%%feﬁéi%é‘a%”%ﬁa“ 5‘#{@%&?‘;@%%@
th t h t
wwyd weh..e e BT Serme B ARG WG 2 D gt T
ce EHBE&%&&P? h %tezﬁzagg% P%Wd'”%%%zaqeﬂ%ﬁ%f Réns of the

0046 e autotransfomler prlmary winding 231 connected

prRGRNEGR IR, 20 WsRhage InRMEend MLANG NG MRITaRE AR ERY Mnﬁﬂﬁ'gq 2121
a secondary winding 232 coupled with it and having a center tap. T
arRELoNdany, vinding 2Ad4sidivided i@ression (1) is adopted as the ratio.

[0044] [Expression 1]

1, _tan(n/12)

—t =g m L .o (1
N a 5 )

[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 ny, the
number of turns of both of tne secondary windings 2221-and 2222 is n.

[0046] The autotransformer 23 has a primary winding 231 connected between the
W-phase mput end W and the V-phase mput end V, and a secondary winding 232
coupled with it and having a center tap. The secondary winding 232 is divided into
secondary windings 2321 and 23227by the center tap. The center tap is connected to *;hc
U-phase input end U. While the number of turns of the primary winding 231 1is ny, the

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



10

20

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 nl1, the number of turns of both of the secondary
windings 2321 and 2322 is n2. 14 [0047] The primary windings 211, 221

and 231 are delta-connected. The three-phase currentsi,,, i, i,,, from the
three-phase power supply 1 flow resp?—:%tlvely into the U-phase input end

U, the V-phase input end V, and the W-phase input end W. On the other

obend, aleupienkiyw.lleiuscithe primary Yendingd2 k- fometheiW-phasgee-phase

input end W to the 5 U-phase input end U, a current ivu flows in the

_cuprimsuty, windifig22théranedheshidephaser sopptehdibtodiiedipiasednpatU-phase

end V, and a current iw" flows in the primary winding 231 from the
inwlphat’ef,iﬁpmtfemhm topheend-phasd thp oY endiw ipressitn (Drhibldsther hand,
about the currents i,,,,,, i'w, i,,,, flowing in the primary windings 231,
a oY 1f0laBF [Esqtﬁégmaﬁz] venging 20 jiofrerathe Wighese Fnlpﬂ‘iaf{MZW to the
[0049] The currents ivl and iv2 are outputted from the center tap of the

Unbesndiyt GiddihgoasTiat pections thibsgh tascraiting  dindrmgghe U-phase
2121 e currents iw, and i"2 are outoutt from the center tap
ingH e b Qgﬂvﬁh%ﬁﬁg“ﬁ’ﬁé%@ b, T b 1 SBcAdRgar Wiading

2 land 222 ur ntsi,1 and u2 re outputted .fro
23V?ief8réln%r3§ oL R et ARS8 iSO holes

586 oindings ,2?:3%1 avgl_ﬂlézvgﬁﬁﬁe AesordinglyaFxRression;(3) polds.

[005 O Expression 3]'i =1
(0048] [Expression 2]

1WV = a(iu?u miu})
iuw = a(ivz - ivl) (2;‘

i\m = a(iWZ —iwf)

[0049]  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 1,, are outputted from the center tap of the secondary winding 222 respectively
through the secondary windings 2221 and 2222, and the currents i, and i, are outputted
from the center tap of the secondary winding 232 respectively through the secondary
windings 2321 and 2322.  Accordingly, Expression (3) holds.

[0050] [Expression 3]

1u x}‘ninf”]‘u2m]‘uw +1vu
. — y : . ]
1, =1, 1,1, +1 .. (3)

WY

1, = Iwi +1w2 - }WV + 1uw

W

{0051} FIG. 5 15 a phasor diagram illustrating the voltages in individual parts of the
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I,=1 +iv2-ice,+iw< ... (3) iw=Lw I+ Iw2-1wv+|uw 20 [0051] FIG.5is a
phasor diagram illustrating the voltages in individual parts of the 15
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 thg phase lags in this order. The
voltage eui on the side opposite to the center tap of the secondary

. winding 2321 leads in_phase by.15.degrees with respect to the voltage e,,,

GBS B LITEH e SR o A dl P e BBty The
+.winding 2121 leads in phase by 15 rees with.respect to the voltage e,, .
R VOAEE o 0 o S e RS o . St e,

an(\?}gl?tcgggz?s@/ M’%E‘ %%”t%hg %%&ﬁlﬁadﬁu@x%%gg oY & t%%%gg%tg\ﬁ{tﬂtéet%qggtct%{

: Qretap of
e e,,,. Also, the voltage e.2 on the side opposite e center tap of

thé@@c%ﬁ&%d@ﬁ{dﬁ‘ﬁ@di@@12}%%83'%%ﬂﬁs@hﬁﬁ?sbﬁelgﬁe%%@ﬁe\%%@l{ eSRECK Rtage e,

the voltage e,,, 10 the voltage e12 on the side dpposite to the center tap o

thdReiageondary wansith AlaRia@sin RAase Yo g reaa Mtk IRSRECE 101 leads

the voltage e,, and the voltage e,,2 on the side opposite to the center tap
in phthe Becondagyewinding dgzzdagsiie pbase:by, larndegieesividd 4espethe side
to the voltage ew. [0052] With the autotransfonnner 23, the absolute value
ophostbthetuoltageapplied thetbecdhlpsinmandininditly 284disithelalesdlutes degrees
value of the difference between the voltage e" and the voltage ew, and a
witlottagechavibe antagssolute Abluche- Edltagexcited ihethidsepporitrio the center tap
winding 2322. Accordingly, because its center tap is connected to the
of hepirasadaputedng)’and thes volrhgeedyid agpiess theabsorretvdhsevEliage e,
of the difference between the voltage e"2 and the voltage e, is equal to
th‘f%P@l%oqmé’WéllﬁeS’é]Ej ORPRSEG ke feaokap of the secondary winding 2122 lags

in phase by 15 degrees with respect to the voltage e, and the voltage ey, on the side
opposite to the center tap of the secondary winding 2222 lags in phase by 15 degrees with
respect to the voltage e,

[0052]  With the autotransformer 23, the absolute value E; of the voltage applied to the
primary winding 231 1s the absolute value of the difference between the voltage e, and
the voltage e, and a voltage having an absolute value a-E; 1s excited in the secondary
winding 2322, Accordingly, because its center tap is connected to the U-phase input end
U and the voltage e, is applied, the absoluie 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
ey, By, Gy are stable, the voltage relations are maintained regardless of the waveforms of
the currents iy, ivi, Iwl, lu2, Iv2, iwp. It other words, by controlling the current waveforms,

there is room to improve the waveforms of the three-phase currents iy, 1y, 1w mputted to
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20 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 e,,, e,,, €,,, are stable,
the voltage relations are maintained regardless of the waveforms of the
currents i" r, i"r, iwr, i"2, 42, i,2. In other words, by controlling the current
waveforms, 25 there is room to imprO\)@the waveforms of the three-phase
currents i,,, i,,, iw inputted to 16 the three-phase transformer 2 from the
thihreephiase pawersupPbmline ayaepticlpbleriwiph, B2, TH 6ARH 1,1, iy,
controlled on the basis of how they are inputted with the operations of the
iwfirsk chappet#dibandrtirel Becond:chappearf4: {0064 hiNawyatdésiigd the operations
waveform of the currents i"1, ivl, iwl, iu2, i"2, ia2 will be 5 illustrated first,
otghd arsledenptiof witidodaradetbetivspratéthat such currents can be
inputted on the basis of the operations of the first chopper 41 and the
[08aébndEpvpperazreforssriim s hagripreildstrating aldesiredive. 1w will be
_waveform 50) of the currents i1, i"1, iwl, i"2, 42, iw2. Where, the phase
illgpyated dyle-orastrardsepatiomy Bh bResmdc trrdHis rasy dbificsifh gywrents can be

. waveform.i(8) is represented by Expression (4). 10 [Q056] [Expressjon 4]
imgity oy 555 O e SRSTALY & B’ g L‘.Ji( _é]ﬂéﬁ‘f(é%d ghogjper 42.

[O%S?ST3 3 131EQ.<66 fs_é Lc",g;a;l? ﬁﬁl&ré@é% Si@si;%g x‘?/aveform i(0) of the currents 1,1, iv1, iwl,

L, 1va, iwe. Where, the phase of the angle 8 differs depending on the six currents.
Specifically, the waveform 1(6) is represented by Expression (4).

[0056] [Expression 4]

Oses%, zseg%’f (0 = 21, 5in @

Teo<Z oo )=, sin(0+ 2

6 37 6 3 3

o< 93T gy =0 (D)
3 37 3 3

o< g T Sy 2 ot sine -2

3 6 3 6 3

S 11z . .

mgm£€<7r, Tseszyz 11(F) = -21,s5iné

[0057]  The waveform 1(8) can be roughly explained as shown below:

[0058] (i) It exhibits a crest in each of the first and second sections (the section from

57/3 to 2z 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;
(i) It exhibits a trough in each of continuous two 60-degree sections, in each of
the third and fourth sections (the section from 27/3 to 7 and the section from 7 to 47/3)

both of which continue in correspondence with a phase length of 60 degrees at the
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2ir 57r 5n' 11n 2n' -<9<_-, -<B<-:i(O)=-2ldsin(B--) 36 36 3 Sn <n the
<9 <e<-2nr :i(B)=-2IdsinO 6 6 [0057] The waveform i.(8) can be roughly
explained as shown below: [0058] (i) It exhibits a crest in each of the first
and second sections (the section from 15 5rr/3 to 2ir and the section from
0 to is/3) both of which continue in cofrespondence with a phase length of
60 degrees at the fundamental frequency; (ii) It exhibits a trough in each
aud cont{n1u€us two 60-degree sections, in each of the third and fourth
UEEEhe (?163%%’5%% om 2T/3 to n and the section from a to 4i0) both of
which continue in.corrgspongdence with a se length of 60 rees at
the 17 A R SR S DR TR o cach o

thecﬁ%};?adﬁﬁfj S\{\QH:I' g%@tﬁﬁ%sﬁfh%n%&%g ﬁ%ﬂ'ﬁnﬁ§% %/Bh%JHtﬂaé‘%@&%H‘ from 4=/3 to

sections (the section from 2t/3 to 2,t/3 and the section from 471/3 to

snBf GBI NRiIchLRHasRERGIAE RAgaeJerath-gf &R degress @hili8ial frequency and

fundamental frequency and 5 which are separated by the first and second
wiseetens:piedne thEdiandie weboaeciensns[0PBI MRS SIS sections.
obtained by applying Fourier expansion to Expression (4). [0060]
[0QEXpregsipres]od 63( @) chensBHAl g9snhe. F(R)ritB3& bk @ntariexgiasdidd j4).
sin (n-1)n
[0060] [Expression 5]

B 1
(&) = ~I—‘i—cosé’ + me cosnd
‘\/g n=2 (5)
32 . nmr . onx . {(n+hr . {(n-Dw
I, =5 8in——sin-—sn sin
(n" =D 2 3 12 12

[0061] As can be seen from Expression (5), the waveform i(0) has a fundamental
component of cos, and the components of even order, (3n)th, (12n+Dth, and (12n-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 iy, ivi. iwl. 2. b, lwo are shown by Expression (6). Where the angular
frequency of the three-phase voltages e, ey, ey is taken as w, and the voltage e, is
assumed to be proportional to the sinusoidal function sin{et) of time t.

[0063] [Expression 6]
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(n'-1)7rasin 2 312 12 10 [0061] As can be seen from Expression (5), the
waveform i(e) has a fundamental component of cosO, and the
components of even order, (3n)th, (12n+1)th, and (12n-1)th are zero.
Accordingly, it is seen that the main harmonic components are (6m+1)tb
and (6m-i.)th, with an odd number in.,[0062] Considering the phase
differences about the angle 0 of Expr& sion (5). the 15 currents i,,t, 41,
iM, 2,12, 1,,2 are shown by Expression (6). Where the angular
frequency of the three-phase \40Itages . €,, €,, Iis taken as go, and the
voltage ¢ is ia %@d |a§0-1th7é inusoidal fungtion sin((ot)
of time t. [0063] [E presh 18 InI m Cadg wt+ +11.cosn Wwt+ Ir 12 =2
12 2r 1u2 =1m Cgs Lot En cosn lgt- 12 ;212 1vl =inCaos wt+ -27L
+~IMnCosdeSASL 8 1 jﬁ‘ @?@}i@l CP§ Wt-_-22r +~| cosn wt---2n

mi123 2"~123 2 iwlimcos wt+12+23 J+1Imnhcosn v%t+ 2+H3 1w2 =1Im
Cos wt iR £ 2 ¢olfmi cdsn v §+ 7L 12323
" . (6)

. TO2mY & 7z 2

i, =1 cos ot———— —{-Zlmcosn ot — — ——
12 3, = 12 3

. T 2T = T 2z

iy =T, 008l @t +-—+Z— |+ T cosn| @t+ -+
123 e 123

Lo =1, COS[GJ*L_E %EJJrZim cosn wt—f—+2_ﬁj
3 ) 12 3

[0064] FIG. 7 is a graph illustrating the currents iy; and 1z,  The graph 1s based on the
phase of the voltage ¢,. The minimum value of each is ~14 and the maximum value is 1.
Due to the phase relation of voltages shown in the phasor diagram of FIG. 5, the currents
1y; and 1, 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 iui, ivi, iwi have phése 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 iHustrating the waveforms of the first rectified current i4; and
the second rectified current i together with the voltage e,. The first rectified current 14
is obtained by applying full-wave rectification to the currents iy, iv1, wi, 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, 1y1, lw; 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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[0064] FIG. 7 is a graph illustrating the currents i"1 and i"2. The graph is
based on the phase of the voltage e,,. The minimum value of each is -Id
and the maximum value is Id. 5 Due to the phase relation of voltages
shown in the phasor diagram of FIG. 5, the currents i"* 1 and iu2
respectively lead in phase by 15 degr &5 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 i" 1, ivl, iwl have
rephibseé differenges of 120 degrees with each other, and the currents i"2,

42, 1, 2 have phase differences of 120 degrees with each 10 other. [0065]
[OPf6] 8 idlargrashuithistrating theTwveformisiof ithe lifrse rétifiseveliment idiown by
and the second rectified current id2 together with the voltage e,. The first
Expraffiancivetitddr thcobasinoanhpply g ittt Ferantation @ Hsng region

currents i.1, i,,, iwl, and so it exhibits an aé])‘%oximately triangular wave

XY e PSS i PEHGHEBr BO'BRGRSHS bR TF hei finadeig 1n & falling
frequency of the voltage e,,. In ather words, the fun ental frequency of .. .

R Oa T abe e AR LMY BURRe o e B bAgaibics a
31 1, 31V, 31W _of the.first three-phase. diode bridge 31 is 1/6 of the . .

N e S R R e R Wl smosorem

WRGCWLALEN e CWTRtS iy ine 'werg?@éfseanl;@ WaYelorms SHOWRAY ok symmetrical
Expression (6), and so the waveform of the first rectified current & ina

tol EOQEREHON 1exNIBIR 3SIR Sovanearmin e SRelier-RWTE<_AdGe@ diangular
the waveform in. a falling 5 region exhibits a sine 0 waveform in the

- wEeelinm hbaiere8sn fie Baal i dtwxbibiisacavavetarnadosmadiBie-phase”, not a

combining a curve that is similar to the waveform that a sinusoidal wave
mexhibiig frhmOrdegresittndtndpiiees Andawwaikiownviak isdefiarigitred to as a
symmetrical to the curve. The same is true for the second rectified current
thi@@rphmmtﬁéé@lamhase waveform.
[0067] From Expressions (2), (3) and (6), the current i, is represented by Expression
(7). This shows that the current i, contains the fundamental frequency component only.

The same is true for the currents i, and i.

f0068] [Expres‘.sion 7]

. 21
1, = ——_—‘—‘;——cos wt = \/EIW cos ot (7
COs—
12
21
Wherel =L 1 = N2, 0.8451,
m ‘\/g ms T
Cos—
12

[0069]  FIG. 9 is a graph illustrating the waveform obtained by obtaining the current iy
from Expressions (2) and (6). FIG. 10 is a graph illustrating the waveforms of currents
(iyi i), (',i“"“."i—i“;)’ i_l_llmobtained from Expressions (2), (3), (6) and (7).

{0070] Now, as described above, .fhe rectified currents iy and iy are close to a

triangular wave, and so it is possible to receive these currents respectively from the
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waveform configured. on the basis of a waveform commonly called
"middle-phase”, not a 10 maximum phase nor a minimum phase of a
sinusoidal wave, is herein referred to as a three-phase ac middle-phase
waveform. [0067] From Expressions (2), (3) and (6), the current i" is
represented by Expression (7). This shows that the current i" contains the
fundamental frequency component o%& The same is true for the currents
I, and iw. 15 [0068] [Expression 7] i~ = 21t0 cos wt = V2h, cos wt ... (7)
theesphdsdMhete brivzek 8] g A2 Witk O.84bdishdr oB@Bidas [FOEOchiGp&@-dst] and
a graph illustrating the waveform obtained by obtaining the current i. from
42Exptessionsp(@yiahd t(6)nflGhd Qusrengraph illustrating theiwalreforiins ifce-phase
currents 20 (i" i+i" 2), (-i"w+iv,;), I" obtained from Expressions (2), (3), (6)
e (TG0 70]tNoWires lseribedeabodescthe! raefied carebtits sdpassebig2or the
are close to a_triangular wave, and so it is possible to receive these |
thEFFRIES fEBpERtvEly. 1O AT QTR ASEC SRHYSY BREH b ity 8BS T i Rd B2iw-
with the chopper operations of the choppers 4] and 42, It is thus possible

(O idput tREPcuRFSht Ry, AETRRIE, FOSMESITSTIRY (S tHRE R Haggeratons of the
IoeL2 e trce e dode eSS A0 U e e
AfR Ol:rallg%sato(];btgien(s: [crsel{]ga \ix/’zhife%gﬁns by pulse width modulation will be described.
[0072]  FIG. 11 1s a circuit diagram illustrating parts of the configuration shown in FIG.
1, showing parts for obtaining parameters on which the control of the chopper operations
is based. Specifically, the values of the rectified currents ig; and iy flowing respectively
through the inductors 411 and 421 are detected respectively as data Ig; and data L, and
the value of the both-end voltage vy, of the smoothing capacitor 5 1s 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 IGBTs 412 and 422 through the buffers shown with. trianguiar signs in
the diagram.

[0673] FIG, 12 is a circuit diagram illustrating a configuration for generating the
signals T1 and T2 on the basis of the data 4, o, and V.. This configuration can be
roughly divided into a voltage control 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 Vy*
corresponding to a desired both-end voltage V., which is inputted o the voltage control
block 81 together with the data V4. In the voltage control block 81, an operator 802
obtains a difference between the voltage command value V4. * and the data Vg, which is
outputted to the current command generating block 82 through the processings in a PI

controller 803 and a limiter 804.
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5 [0071] Then, next, an example configuration for the chopper operations
of the choppers 41 and 42 for receiving of the rectified currents idi and i2d
will be described. An example that obtains desired waveforms by pulse
width modulation will be described. [0072] FIG. 11 is a circuit diagram
illustrating parts of the configuration shown in FIG. 1, showing parts for
obtaining parameters on which the coftrol of the chopper operations 10 is
based. Specifically, the values of the rectified currents idl and id2 flowing

[ooespectivelyutfrpugbniheiidustoraidd ot 421 armdeteciedisespaatalyrs 805
as data Id, and data Iu, and the value of the both-end voltage vdc of the
ansriddthingecapacigahteistete cle hakittathdd Ga&ifymals, Batand FRidbrgenerate a
controlling the turning on/off of the IGBTs 412 and 422 are given to the
thigatpbast the 1GRIls-phasanda2throudghe ey bufiés showmwithaeimngataby the
signs in 15 the diagram. [0073] FIG. 12 is a circuit diagram illustrating a
WRSHIGU rsTsFAfOF sgRhe rah 80th erssig riene obl S rith 2 ¢ eRe ISR of e dbtashows
Id |, 1d2, and Vdp. This configuration_.can be roughly divided into a voltage
thigoRRA BiIBARIEES dLatHEht Fhsnﬂrg“éfﬁe}aﬁﬂa%sbkigé?m&wﬂ%ﬁms hear the

control block 83, a PWM modulation block 84. 20 [0Q74] A valtag .
e B BT B LS BT SO TVl Gagion 4F polarit)
ding t ired both-end volt Vk,.which is i tted to th
T G R S e R T P B0 s0s
| 02 qbtains.adj | X
ang. %% %&Vf\?aﬁ‘?e&% (151%5?2%% h%%%'?ﬁ‘n%s JLHQ ﬁ%ﬁ%&%\(&?%ﬁﬁ&w B?Qﬁe three-phase

comman | ata vVd,, w IS outputted tothe current

and generatinailock 82tbropah (e processingsiin & Bl 23 so th b
¥ co%%rrgclller égofgnd a Iilml e%(804. 21 [0075T11'he'!: cu?re%t 1(:g)mr’r§13zatnd 0 they can be

gragharating:hlagk 82 ineludeswaveiosne aeneratr s8R andBR6:{@rence to the
generating three-phase ac middle-phase waveforms, both of which
fugenaeatel drequency.
[0076] In the current command generating block 82, the output of the voltage
command generator 801 is inputted to a muitiplier 807 and multiplied with the output of
the waveform generator 805. Similarly, the output of the voltage command generator
801 is inputted to a multiplier 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 Iai* and Ip* about the rectified currents ig; and
la2.
[0077] In the current control block 83, an operator 809 obtains a difference between
the current command value Iy* and the data I, which 1s outputted to the PWM
modulation block 84 through the processing in a PI controller 810. Similarly, an
operator 811 obtains a difference between the current command value Ip* and the data [y,
which is outputted to the PWM modulation block 84 through the processing in a PI

controller §12.

[0078] The PWM modulation block 84 includes a carrier generator 813 for generating
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three-phase ac middle-phase waveform. However, the waveforms
generated by the waveform generators 805 and 806 are in opposite
phase to each other. FIG. 12 shows 5 this opposite phase relation with the
circles located in different positions near the waveform generators 805
and 806 (this sign does not indicate t@%inversion of polarity). The
three-phase ac middle-phase wavefofiis generated by the waveform
generators 805 and 806 have a frequency that is six times the
a fonodabuemtakfrequeficyef thgftnregaphaspliliotadgds eand@BBw  The differential
(accordingly, of the currents i}, ivr, iwl, i"2, iv2, i,p2), and so they can be
angligradided asthaided) i thaalphagecditfenapice or@thdeyrpesyiith Pl controlier
reference to the fundamental frequency. [0076] In the current command
8 YeneragpecritekBe sigaabliput dhehdilereage! conmiasididénsraterided with the
miané)utted to a multiplier 807 and multiplied with the output of the waveform

HatoR PaBsT SithdiRe trBLeb ihot i bBRIGE Hommrdrdaes dhsy signal 12.
80Ll.isi d Itiplier 808 Itipli ith th f th )
T (R SO GEL G B S i B3 tifed
| block 83 ivel d ixand
o e e A e STV a0 5 J ama o
bRIREK B3 RILOREIAIQL 809, 0RAINS A, difrence. DEEED vafddhe G“‘x;\g/leé‘énerated in

command value 14 and the data Idl, which'is outputted to the Bw
thQAlatRRblogk 8t through.tbe Pracessingind Rk ceptrallgnR1041 and 42 are

Similarly, an operator 811 obtains a difference between the current
cdigrmand value 1d2* and the data Id2, which is outputted to the PWM

modulation block 84 through the processing in a Pl controller 812. 25
[([9878] FeeddWViMeraadualatitaditaekt84 includes a carrier generator 813 for

generating 22

FIG. 13 is a circuit diagram used to describe a second preferred embodiment of
the present invention. The configuration illustrated here differs from the configuration
of the first preferred embodiment in that an interphase reactor 71 is additionally
interposed 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 iy1, 1vi, 1w 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 explamed by referring to FIGS. 2 and 5, in the first three-phase diode bridge 31,

zero-phase voltage is generated af a frequency of 1/2 of the fundamental frequency of the
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a modulation carrier C and differential amplifiers 815 and 816. The
differential amplifier 815 is provided with the modulation carrier C and the
output of the PI controller 810, and generates the signal Tl. The
differential amplifier 816 is provided with the modulation carrier C and the
output of the PI controller 812, and geygerates the signal T2. 5 The signals
Tl and T2 control on/off of the IGBTs 412 and 422 such that rectified

currents id1 and id2 corresponding to the current command values ]dI*
Frsh TS HOWT SR 4 BTN S U ERUB) 8 B REBo G RS S oTbge voltages

command value Vdc* is generated in_the hi itor 5, whereby ..
e”’fheevif) Sé?a%lgﬁlsl 6?3[]%%{1\@% 1o t%&lnéoud 25 srg%)_} L;?lg\/caﬁe\f} %gﬁf 113ten¥;ed1ate

e choppers n are’ controlfed. 10

po gﬁgp%ifP {§Je55?go%%$§ﬁgﬁe@ét§§£ ]tﬁeisoﬂrtﬁil}%?ué%&gagf@naﬁl& egdlﬁ’ Zero-phase

escribe a secon ed em ment of " the present invention. The

voiapfiguation ilusiatad here,differs ram ihg.configiyation ok the first

preferred embodiment in that an interphase reactor 71 is additionally

[00RtgrPOoSatPeiMARN e brRa-RRASEI ARBIREMAFA ARG INAIEIRLA as in the present
three-phase diode bridge 15 31. [0080] When explained by referring to

inel{eion 2 ade HerthBd dRytRndslFbih: SdrY ndliNulatdhedfitet Hireenphiasig the two
diode bridge 31 are connected respectively to the secondary windings

sctR31 {1232ph222 tyeach throwghl anetinterplifice dactos, That isyibst due to the
three-phase currents i.1, i,1. iw flow in the interphase reactor 71. 20 [0081]
zefPHohugh yotage serivedriveth éxfirsinp fefiereéuredtooatiiamt- phase pliaiset™).  This is
voltage is generally generated between a neutral point on the input side
begugahbedlphasbativ derBhtidecesitcantibatamned iatiptie meakmiienecd uaprgt phase
side. This voltage is a triple component of the fundamental frequency of
volfi€%hree-phase voltage on the input side. When explained by referring to

FIGS. 2 and 5, in the first three-phase diode bridge 31,
[0083]  In thczjs preferred emﬁao 1mgnt, as can %e segn %rom FIG. 4, the three-phase

transformer 2 adopts the autotransformers 21, 22 and 23, and so the neutral points of the
threc-phase voltages ey, évi, ewi and the three-phase voltages ey, ey, ewr (see FIG, 5)
respectively corresponding to the three-phase currents iy, iy, iw; and the three-phase
CUITERLS 10, 1vz, 1wz AT€ COMMOon.

[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
cuirents.

[0085] FIG. 14 15 a 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 iy, flows
through the interphase reactor 72.  More specifically, the first rectified current iy, 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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25 zero-phase voltage is generated at a frequency of 1/2 of the
fundamental frequency of the 23 first rectified current idi, between the
neutral point potential of the three-phase voltages e. j. e," ew7 given
respectively to the input ends 31 U, 31V, 31W and the intermediate
potential of the voltage applied betwees the output ends 11P and 31N.
Zero-phase voltage is similarly generated in the second three-phase

' idge 32. 5 [0082] Wh llel- ted ipl ifi ) .
O 1 B o PR e UBH o SN i 58 Shernosiion
e ESIISIRTRL VsURled on e e SUBRMING 1 (o, Sels ol e phase

currents inpu € rectifier circuits, then current due to

[odero-Phass yaltage Is gengratad (hereinallen relered 10,35 HAOPAASES for the

current”). This is because the three-phase currents become unbalanced

frWith-ths, gerespiipnef zeraphagenl0 yoltage JOQARITdhis Preleadhree-phase

embodiment, as can be seen from FIG. 4, the three-phase transformer 2

dicaidopisdbemsqtsansiannirsrldutgd: ang 23, and so the neutral points of
the three-phase voltages e.1, e"i, ew, and the three-phase voltages e"z,

(0088 ewEl{se@kkerr&) Aespadtivaly corresponding to the three-phase
currents i.1, L1, iwl and the three-phase 15 currents iu2, iv2, i"2 are
commdaihG[00BA Acoordinghgritris wedinabdesioibat dhbire ogihase eutredinent of
by adopting the interphase reactor 71 to provide large impedance for the
tharptssfan devehtiva thrébeptrdezvanenshqo0ds]F BTt iFentitcuicdifigrantion of
illustrating a modification of this preferred 20 embodiment, where an
the tefors SeTRIETSIORISTH By iBad e fiveeih onedirdd tirddhsHgsandigywper 42 are
bridge 31 and the first chopper 41. Thus, the first rectified current id, flows
reRRFSHGRTEINEAY R EHE AERIP MBHE SPRRANEARPRRY flrst rectified

current im flows . .
[GOSLb As compared with the first chopper 41, the first chopper 43 additionally

includes an inductor 431 and a diode 434, More specifically, the inductor 431 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 434 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, includes an inductor 441 and a diode 444 that are connected in the same way as the
inductor 431 and the diode 434.
100901  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 1g; and 1g> as described m the first preferred embodiment, ripple

due to the modulation carrier C is superimposed on the rectified currents ig; and ig:.
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in a reactor interposed between the output end 31 P of the first
three-phase diode bridge 31 and the inductor 411 of the first chopper 41.
A reactor is provided also between the 25 output end 3 1N of the first
three-phase diode bridge 31 and the emitter of the IGBT 412. 24 [0086] It
is desirable to provide the interphaseZgactor 72 located in this position
because it cuts the zero-phase current in the same way as the interphase
24, Ahove a1

Threactor /1. 5087] The interphase reactors 71 and Y%Eegg{f{) L
ot provided for the HIZey réd:pHads diste Bridge 3L, but el may 'Be = Phase

culgé?% sid1e d for the fﬁ&ﬁ’ﬁ”ﬂ &}nge%?%qe dslﬁ'e %%@d%rgg%%@u%i 0 eistgriggsqtaSisdc%eorﬁe for

Utput Sid&. (908 refe mbodiment IS a Circuit

re(fggi%ameqwetg&e@qﬂg%ﬁﬁgy@_preferred embodiment of the present

invention. The configuration shown here differs from the configuration of

[oab;@]firsm.efm@q embadimentinihatinadisst GimRRe ¢ Rogitheserepekrerred
chopper 42 are 10 replaced respectivelycby a first chopper 43 and a

enSREPREEREENBF 44: R0 ths GempATacWLT thenfinst sBhapperdlaiherfirst, and
chopper 43 additionally includes an inductor 431. and a diode 434. More
V  spetifithlyhéhelinduatatddibisbintér posedefive endfeeralitpub@lich@k M@t ribed
the first three-phase diode bridge 31 and the emitter of the IGBT 412.
withl$SOOthE dibdeidfdehas! itsnmhidide $bnné thedis freed mbodnuens i4 PMrvided not
and its cathode connected to the emitter of the IGBT 412. The second
withdpperde, GovitindldesaanchBudior 441 aplepaidiotesa4alase dpethe carrier C.
connected in the same way as the inductor 431 and the diode 434. [0090]
Tho\germisid b Brafgeraehyin 38 HsEEKsHPEP A% and the second chopper 44,
it is also possible to control the currents flowing to the negative side of the

[O%t{ thrbBapiads 1B AISRTBHAGROT BIRY 1o M REgAIVe Sits dfghehopper 41 is
cor?ggﬁgéj ‘E)Ij;rggl_é?eh\%?cﬁhdi?lgguﬁ‘iig&eosglzt’h%wasis of the carrier C, and the operation of
the second chopper 42 is controlled by pulse 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 igp.

[0094]  FIG. 17 is a circuit diagram illustrating the acquisition of the data Iy, Ly and
V4o when the circuit described in the third preferred embodiment is adopted, which
corresponds to F1G. 11.

[0095] FIG. 18 1s a graph illustrating the. values of the currents i,,. i, and 1, 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 iy;, 1,2 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] FIG. 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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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 idt and id2 as described in the first preferred
embodiment, ripple 25 due to the modaglation carrier C is superimposed
on the rectified currents id, and id2. 25 This causes ripple in the currents

iwi,_ i andf ermtetreep e curr nt5|,, i,, W
Sl%&é,s ;11011 9%%305 e Pr?b i él‘e é%lk?@g éthepr{g ks frsoﬁ?aﬁ"m‘am
%?Iglgéa ltFLﬁéo tEelﬁ:arnerg 0092 ﬁ’llls géqerre I’CUIt menS[ arﬁd)%ltied 1

ustratlng a COI’] uration a

theg ﬁf@&ﬁngo%ﬁl%" S lla%g -E)%?(%% tgg Irstié) gas’.; l Ig?’fa?qd a\c{g%onallv

e PWM mo atron“blo 4of t referre embodlmen

pi&\ﬁﬁgﬂbeqh@’imalz é%hxlﬁ%rt@??déﬁﬁwﬂgall ?H&QPQ&I &%%Hﬁé@@f%efs{ﬁ‘?&t command

embodiment is provided not with thé carriet C but with a carrier D that is

val(eORpPosiip Rasey elativeripthe sarriertGenThe GRHISTH A8 IeNerRISH: DY Burrent
carrier generator 814. 10 [0093] That is, in this preferred embodiment, the

coppeiationlaf the first shappgodild phaentrolied:byraiilsenwidinl Rgdegton
on the basis of the carrier C. and the operation of the second chopper 42

[00§ Epntradiddtbiy poiseuridibnmhdsiatiels 0 e Hasiseafdhecadrienhp same way as
having the same carrier frequency as, and in opposite phase to, the

in garrien g UrhimncainCls Hevlppldhsavdnsttesnzmaier Sietpamoytis the same carrjer
rectified currents id, and id2 15 [0094] FIG. 17 is a circuit diagram

C mushataydezaeefiaion Sh ofse TN | aiokiRagien Wdeeiorarethe &rdhis case, the
described in the third preferred embodlment is adopted, which

caigish gSPBIAEY 5 /3D D MRS VeIt th ety e iastlriy thd Vaiies of

5 gcurre ts "1, iu2 and iu exhrbrtﬁi
9 en the carner generato generates the carrier D in opposite phase to the

carrier generator 813 and PWM modulation is performed, the signals T1 and T2 are
generated in the same way as in the configuration of FIG. 16, and the ripple having the
carrier frequency is canceled in the rectified currents iy; and ig.
[0099]  Modifications

The description above has shown examples in which the three-phase currents
tui, Ivi, lwi lead in phase by 30 degrees with respect to the three-phase currents iy, vz, iwzs
but the present invention can be constituted in the same way also when they lag in phase.
[0100]  Also, three-phase ac middie-phase waveforms have been suggested as the first
rectified current ig; and the second rectified current iy, but ordinary triangular waves may
be used instead. In this case, the choppers 41 to 44 can be controlied easily.
[0101]  Also, configurations adopting three autotranstormers 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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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 iul, 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 aggompared with the graph of FIG.
18. [0096] FIG. 20 is a circuit diagram illustrating a modification of this

ferred 25 embodiment, wh td || trati
ea%éi%ﬁ?at.on eoT g° & qﬁévﬁ%é‘?%sféﬁg%ﬁé'#ﬁﬁ PO S bHebHdne three

data Idl 1d2 : he conf uratlon described with Fl -
Privave orncwg 1glé?werator O%q(g%é he mu Sllséer ggga%ewélﬁm é(sjﬁﬂ“tr%%lugrr? %Oupjed

nd a &,shif 7 | ly,
2 e S A A e o

TheUsFaRELSOMARgsSvalue idl Fquiputied by the. sudtinliar 0 4 HREQARE taps are

phase shifter 817 outputs a current command value 1d2* that is in
ind@pPRRsHe phase Qi theceurant compandvahiridht [QA94-WthdRSs 211 and 221
configuration, the signals Tl and T2 are generated in the same way as in
ardherceofiglrationaf Fd@mnt2ivhepithecatiies genetaternSihdeaemesties] are
same carrier C as the carrier generator 813 and PWM modulation is
coparforiegethethisndas e otinec i Onc potisr genictch8 bdicanybeiminged Withnd 232
the carrier generator 813 as in FIG. 12. [0098] When the carrier generator
areg targenechteeiecaniech i dpposhesphasestorther darflérsgeivdratorfiG. 7 of
813 and PWM modulation is performed, the signals Tl and T2 are
Nogehapaiddarumens 2@ #a9aRlen the configuration of FIG. 16, and the
le having the carrier frequency is canceled in the rectified currents id1
Qe 2 00 WA T S Sl RIS iBage==ron 1
g exam which the three-phase Curren(is luz, iii, i",i lead in phase bc)}/
all 358 Peé AR paéé B HHFE phas c&ﬁrré}?éefﬁté’o 2 Uifirohumerdus - other

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

invention.
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but the present invention can be constituted in the same way also when
they lag in phase. [0100] Also, three-phase ac middle-phase waveforms
have been suggested as the first 20 rectified current id, and the second
rectified current id2, but ordinary triangular waves may be used instead.
In this case, the choppers 41 to 44 cargbe controlled easily. [0101] Also,
configurations adopting three autotransformers 21, 22 and 23 as the
three-phase transformer 2 have b%%n ribed, but the applications of
the present invention are not limit to. A three-phase transformer
may be adopted in which 25 primary windings 211, 221, 231 and
secondary windings 212, 221212 are coupled with 27 each other. For

example, it ispossibleto g%qgg&t_hree-phase transformer having three
primary v&inc(ifr?gs 211, 2201 nd 231 and three secondary windings 212,

222,.232.caunled vt the rﬂ'i&{%ﬂé@ﬁ?@%& WipQinga2he 282ir23% 8%t ends,
e

all provided with center taps. primary windings 211, 221, 231 are
saidgltarennrpanied arddheitaeg,sanier fapsvale sindividiall conneeiedieted to

a connection point at which the primary windings 211 and 221 are
saiGonpECidstagsthen afiennedtied peirdnat whichithetpiimary findirgsia? turrent
and 231 are connected together, and a connection point at which the
froprionaryfwindings23hdnd 232 are connected together. Such a
three-phase transformer is illustrated in FIG. 7 of Non-Patent Document
2, for Exstmptept0io102] Avhitectheuinve atith Haddbash desedbedrindetsila first
the foregoing description is in all aspects illustrative and not restrictive. It
chop RN H9aiCABRTRPOUSTET dR RGNS B Vethaici ot arfipd value as

devised without departing from the scope of the invention. 28 CLAIMS
said first rectified current;

a second three-phase diode bridge having three input ends and a pair of output
ends, said second three-phase diode bridge applying full-wave rectification to currents
inputted to said input ends to obtain a second rectified current, and outputting said second
rectified current from one of said output ends;

a second chopper having a pair of output ends , 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; and

an interphase reactor which is connected between a pair of output ends of said
first three-phase diode bridge and a pair of input ends of said first chopper and in which

said first rectified current flows.



I. A rectifier circuit comprising: a first three-phase diode bridge having
three input ends and a pair of output ends, 5 said first three-phase diode
bridge applying full-wave rectification to currents inputted to said input
ends to obtain a first rectified current , and outputting said first rectified
current from one of said output end&& first chopper having a pair of
output ends , said first chopper performing a first chopper operation to
receive a current having a fundamental frequency of a first value as 10
said first rectified current; a second three-phase diode bridge having three

input ends RRHR:PaiFRtoRRIEISNEs BaE Becrnd R RbRse RS phase

bridge applying full-wave rectification to currents inputted to Said input

rea@es/acpltagRmeacand saatifipd: Guie ok R RURMENGHAIds SR Mlge and in
rectified current from one of said output ends; 15 a second chopper

whivhuingcampaitohputpidtiends! 1sgit aetoidwehopper 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; and 20 an interphase reactor which is -
connected between a pair of output ends of said first three-phase diode
bridge and a pair of input ends of said first chopper and in which said first
rectified current flows. 28a 2. The rectifier circuit according to claim 1,
further comprising an interphase reactor which is connected to said input
ends of said first three-phase diode bridge and in which the currents
inputted to said input ends flow.
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29 3. Arectifier circuit comprising: a first three-phase diode bridge having
three input ends and a pair of output ends, 5 said first three-phase diode
bridge applying full-wave rectification to currents inputted to said input
ends to obtain a first rectified current, and outputting said first rectified
current from one of said output ends2a first chopper having a pair of
output ends, said first chopper performing a first chopper operation to
receive a current having a fundamental frequency of a first value as 10
said first rectified current; a second three-phase diode bridge having three
input ends and a pair of output ends, said second three-phase diode
bridge applying full-wave rectification to currents inputted to said input

ends; to,oRigis 2 gﬁgggc&g%ﬁ;ggqgggurrent. and outputting said second

rectified current from one aid output ends; 15 a second chopper

havingigspaielniRutiead sy 2RI 15R5ANGSLORRRE Eﬁ&@éﬁ!ﬂ@fxﬁjﬁ@ﬁ%@ut ends.
re

chopper operation to receive a current having a fundamental frequency of
saigdigsrfifstvaleagisaidstpend reaiiteth Cuant rsait Ralb Pt OUIRHRN IS Ofied to
said first chopper and said pair of output ends of said second chopper
saiteipgiooninectedtimpafaticte 20 ath etetans ai diksitphopRertoO fgtisesified current
first inductor in which said first rectified current flows; 29a a first diode
frohmeisgrasahodpwomdected to said one of said output ends of said first
three-phase diode bridge through said first inductor, and a cathode
conrfebfsdderBRY bidatcopapueerdsiauls finid dispplerpper performing a first

chopper operation to receive a current having a fundamental frequency of a first value as
said first rectified current;

a second three-phase diode bridge having three input ends and a pair of output
ends, said second three-phase diode bridge applying full-wave rectification to currents
inputted to said input ends to obtain a second rectified current. and outputting said second
rectified current from one of said output ends;

a second chopper having a pair of output ends, 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,

wherein said first chopper comprises:

a first inductor in which said first rectified current flows;
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a second inductor connected to the other of said output ends of said first

three- 5 phase diode bridge; a second diode having a cathode connected

to said other of said output ends of said first three-phase diode bridge

through said second inductor, and an anode connected to the other of

said output ends of said first choppega%nd a switching element having a

first end connected to the anode of said first diode 10 and a second end

conpegiadindiaealods ol ealdsaaand (1Rde, SR IR0 SIelle of said

opening?closmg etween sald frst end and said seeond et . AN Wi s
firstHLR000NY ERANASIRMNAGR Al HAINAHGIL ANICL SR ELERG o 10 one

rectified current flows: a third ng an anode connected to sal

of Qﬁ@&{tﬁ@gﬁg@pgﬁg%gfcﬁg%e@ second three-phase diode bridge

through said third inductor, and a cathode connected to one of said

outpuitRAEs PliseidrRaeREENAPRRY vehiPWIthROMaIN CaRY ete e e hree-

other of said output ends of said 30 second three-phase diode bridge; a
phdaudibddibeiedeaving a cathode connected to said other of said output ends
of said second three-phase diode bridge through said fourth inductor, and
an angdercbiiodetieaiiog theatithée obsatdiaitputehds.af shididecond ends of
chopper; and 5 a switching element having a first end connected to the
saigfisddlotsaliihiddrdiobadgnthrosgitenid errbednméstad, tmnthencathddeoohected
said fourth diode, said switching element opening/closing between its
to thgiathps P PR EIgrsbcndiddarsuchmpeB @fer circuit according to any

of claims 1 to 3, wherein said first 10 chopper and said second chopper
are Béﬂ%ﬁ%ﬂ%ﬁ%ﬁgmg a first end connected to the anode of said first diode

and a second end connected to the cathode of said second diode, said switching element
opening/closing between said first end and said second end,

and wherein said second chopper comprises:

a third inductor in which said second rectified current flows:

a third diode having an anode connected to said one of said output ends of said
second three-phase diode bridge through said third inductor, and a cathode connected to
one of said output ends of said second chopper;

a fourth inductor connected to the other of said output ends of said
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5. The rectifier circuit according to any of claims 1 to 3, 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 15 controlled by pulse width modulation on the basis
of a second modulation wave having 8id carrier frequency and being in
opposite phase to said first modulation wave. 6. The rectifier circuit

sec%ﬁ‘&%gé@%ﬁ%&% ol 80@515% 1 to 3, further comprising a smoothing

capacitor'connected Iin parallel to said output ends of said first chopper

and, 20, 3aldiRIPHLENYS ofsrigksesRd cheppar Ztthsfrsa?&ffzs%@&%ﬁ&s of said

according to any of claims 1 to 6, wherein first three-phase alternating

sec@ﬁﬁﬁﬁ’e%%ﬂ%génﬁg&éigﬂ@g@ dhinpishendsef-aid st e rhase Aiedtnected 1o
n

bridge, a fundamental frequency of said first three-phase 25 alternating

the@iik@NISIS @ @apgonehvaluesthakieddd ehaaie:3dndirst value and said first
three-phase alternating currents having mutual phase differences of 120

degressiatiing findamédntahfregiieneydantsenendothieerpliasel said third diode

alternating currents are inputted to said input ends of said second
andhreecphdsedivaadricye; thfupathntentdlsieyienty dibdaidadconidching element

three-phase 5 alternating currents is said second value and having
opRingalsHskcHiffsTe e sa1 b TSITrdagrd sei dsehentliatdmental frequency,

and wherein there is a phase difference of 30 degrees at the fundamental

frequency between said first three-phase alternating currents and said

second ree-ph?se alternating currents, 10 and wherein said first

thred-phd¥e SREHFATIS LTSRS L2id Setorititiied-phase W hrErTafing first

current eagh hav%\1 wavefor Wfﬂichi
chopper and said second chopper are both step-up choppers.

5. The rectifier circuit according to any of claims 1 to 3, wherein said first -
chopper operation is controlled by pulse width modulation on the basis of a first
modulation wave having a carrter 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.

¢. The rectifier circuit according to any of claims 1 to 3, further comprising a
smoothing capacitor connected in paralle! to said output ends of said first chopper and

said output ends of said second chopper.

7. The rectifier circuit according to any of claims 1 to 6,
wherein first three-phase alternating currents are inputied to said input ends of
said first three-phase diode bridge. a fundamental frequency of said first three-phase

alternating  currents 18 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 pﬁ&se length of 60 degrees at the
fundamental frequency: and (iii) exhibits a flatter form as compared with

firsS VI GREP ﬁE%%‘@QéF-ﬁhgfé]‘ec'%l&Hi&%ﬁa@&%ﬁﬁg ﬁﬁﬁﬂ%%ﬁ%@?? ase differences
correspond to a phase length of 60 éeg ees at the fundamental frequency

of Pﬂﬂdé@ig& areseparaied by g%i&l@ ’ pesecond sections or by 20 said

third and fourth sections. 8. The rectitier circuit according to claim 7,

wheggiaipawaneionn sheashiy aaidiEShBragPRaseANBIaNRG ends of said

currents and said second three-phase alternating currents exhibits a
sectiaN g prave iosribfitgidofqurli-seationsSre@eody 9f BaRIregifiel three-phase
circuit according to claim 7, wherein, in said first to fourth sections, the
alteaneareforomotmach efidamddingd thabe phasaaiteenatimopt yhiest sidfifetaaiek of 120
second three-phase alternating currents exhibits a waveform formed by
degromlairting fanéamentidrdgwingilar to a waveform that a sinusoidal wave
exhibits from 0 degree to 30 5 degrees and a waveform that is left-right
syminétrichftarhEeimis. 2oppasirsbismence reétifier deviess comiphsigdamental
the rectifier circuit according to any of claims 1 to 9; and a three-phase
frequensto RIS Mt CRIVE B HRT B A BITEAtS VA T R Sfith pegpnd three-phase
frequency of said three-phase currents is a second value that is 1/6 of
alteBAIRESHETI S -and said three-phase currents having mutual phase

dlffeggg %fek?e%ci% %gicg et t%?e%zggggse alternating currents and said second three-phase

alternating currents each have a waveform which:

(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:

(il) exhibits a trough in each of continuous two 60—dégree sections, in each of
third and fourth sections both of which continue m 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.

8. The rectifier circuit according to claim 7. wherein the waveform of each of
said first three-phase alternating currents and said second three-phase alternating currents

exhibits a triangutar wave in said first to fourth sections.
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fundamental frequency, and that outputs first three-phase alternating
currents 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 having 15 phase
differences of 30 degrees at the fundakhental frequency from said first
three-phase alternating currents. 11. The three-phase rectifier device

according, to claim 10, wherein sajd three-phase trapnsformer comprises
thred auttFaRSINFer Y BHLITSO NG & BHnary WIREHG Hhd Tt to fourth

se QRSB0 coupled with said priman; winding, and having 8 Gente g
ap, said primary windings of sald threé autotransformers are

sec%%lcgafﬁpe% &%&9 ’aﬂg&a‘?’%id g&&%%&ia&ﬁfb?ﬁcg %?aige%ﬁ% A 9{5”?3%/" .Esornbining a

n tr
~ 1
connected'to a connectloﬁ’l point that connects a pair of said primary

cuWiNAIROR Atherthansaid primans windingeoupled «> With 52l SEPREAY: 10 30

winding to which said center tap belongs. 33 12. The three-phase reciifier

dedR¥ICAAGCRIFAING 19 alaims 1G:-Naerein Said three Rbags transformer
comprises: three primary windings corresponding to respective phases;

and three secondary windings coupled with all of said primary windings

and each having a center tap, and wherein said primary windings are

deltattonnentedplzd saidfthrdevéententapsare individually connected to

three connection points at which a pair of said primary windings are

conrtbetesdtibgethesuit according to any of claims 1 to 9; and

a three-phase transformer that receives three-phase curents, a 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 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 having

phase differences of 30 degrees at the fundamental frequency from said first three-phase

alternating currents.

11. The three-phase rectifier device according to claim 10,

wherein said three-phase transformer comprises three autotransformers each
having a primary winding and a secondary winding 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 awtotransformer is connected to a connection point
that connects a pair of said primary windings other than said primary winding coupled

with  said secondary winding to  which said cenfer tap  belongs.



12. The three-phase rectifier device according to claim 10,

wherein said three-phase transformer comprises:

three primary windings corresponding to respective phases; and

three secondary windings 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 at

which a pair of said primary windings are connected together.



