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In this paper, algorithms of the universal scheme of synchronous multi-zone modulation have been developed and dis-
seminated for adjustment of two neutral-clamped inverters of double-delta-winding system (which is perspective for ap-
plication in high power variable speed ac drives), providing synchronization and symmetry of waveforms of inverter-
side voltage of power transformer for any control modes of operation including regimes with fractional relationship be-
tween the switching frequency of inverters and fundamental frequency of system. In this case inverter-side winding
voltage of double-delta-winding system has quarter-wave symmetry, and its spectra do not contain even harmonics
and undesirable subharmonics. Simulation results show behavior of system with two neutral-clamped inverters con-
trolled by three basic versions of synchronous multi-zone modulation. References 9, figures 5, table.
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Introduction. Recently, novel electrical power conversion systems based on double-delta
sourced windings, which are perspective for application in motor drives, have been investigated [1-
6]. So, this paper presents results of research of this type of systems on the base of two neutral-
point-clamped inverters (NPCI) regulated by the universal scheme of synchronous multi-zone
space-vector modulation, providing synchronization and symmetry of waveforms of voltage of in-
verter-side windings of power transformer for cases of fractional ratio between the switching fre-
quency of inverters and fundamental frequency of system.

Topology, structure, and features of double-delta-winding system with two NPCls. Fig.
1, a presents structure of double-delta-winding system [1] with two NPCIs (NPCI1 and NPCI2),
outputs of which are specifically (see bold lines in Fig. 1 a connected to the corresponding wind-
ings. Fig. 1 b shows topology of NPCI. Fig. 1 ¢ shows (by the big arrows) its basic voltage vectors
and definitions of switching state se-quence for these vectors [7]. This control scheme assures can-
cellation of common-mode voltage in system. Fig. 1 d shows switching state sequences of three ba-
sic schemes of synchronous multi-zone PWM, applied for control of NPCIs [7]. Peculiarities of
synchronous multi-zone space-vector PWM. Principle of synchronous multi-zone PWM of

! and

NPCIs is based on continuous determination of intermediate frequencies F, =D 2 D
1—1)T

1
6(2i—3)r
of system, and in calculation of coefficient of synchronization K, =[1-(F - F;)/(F,_; - F;)], which is

Fi, = (as functions of switching sub-cycle 1) on the axis of the fundamental frequency F

component of basic functions for determination of PWM pulse patterns [7-9]. Table presents control
correlations for determination of instantaneous values of winding voltages V,,;; — V.23 as functions
of the pole voltages of NPClIs.

Instantaneous values of winding voltages V,,;;— V.13 | Instantaneous values of winding voltages V,,2;— V.23

of Double-Delta-Winding System (Fig. 1,a) of Double-Delta-Winding System (Fig. 1,a)
Vit = (2Var = Vg - Ver)/3 - (Vaz - 2Viy + Ver)/3 Vit = (Var =2V + Ver)/3 = (2Var = Via - Vea)/3
Viiz=Var + Vo1 - 2Ve)/3 - (Vaz + 2Vis - Ver)/3 Ve = (Var +2Viy - Ver)/3—Vaz + Viz - 2Ve3)/3

Viiz = (Var - Vi +2Ve))/3 - (-2Va2 +Viy +Ve2)/3 Vias = (-2Var + Vi +Ve)/3 = (-Viz = Vo +2V5)/3
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Fig. 2

Synchronous control of double-delta-winding system with two NPCIs. Rational syn-
chronous adjustment of double-delta-winding system with two modulated NPCls is based on the
corresponding phase shifts of signals of two inverters including an additional phase shift between
signals of inverters equal to one half of switching sub-cycle [1, 4, 6, 7].
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To underline properties of the used (for control of NPCIs) scheme of synchronous multi-
zone PWM, simulation of processes in double-delta-winding system with two NPCIs had been exe-
cuted for scalar control mode of system with fractional relationship between switching frequency of
inverters (equal to /./kHz) and fundamental frequency of system equal correspondingly to 2/Hz
and 40Hz for two simulation modes. Results of simulation of processes in system with two NPCIs
are presented in Fig. 2—4. Fig. 2 shows basic voltage waveforms and spectra of winding voltage of
double-delta-winding system with NPClIs (relative values of pole and line voltages of the first
NPCI (Va1, Vi1, and V,51), winding voltage V,,;;, and also spectra of the winding voltage), adjusted
by the PWM1 scheme of modulation, presented in Fig. 1 d. Curves in Fig. 2 a correspond to low
fundamental frequency F of system and low modulation index m of inverters (F=21Hz, m=0.42),
and diagrams in Fig. 2 b correspond to the medium fundamental frequency of system, equal to
F=40Hz, m=0.8 in this case. Fig. 3 a,b presents the corresponding diagrams for system with NPCIs
controlled by the PWM2 algorithm, and Fig 4 a,b shows diagrams for system with NPCIs regulated
by the scheme of synchronous modulation with switching state sequence PWM3, presented in Fig. 1 d.

Simulation results, presented in Fig. 2—4, show, that both line voltage of NPClIs and in-
verter-side winding voltage of double-delta-winding system have quarter-wave symmetry, and its
spectra do not contain even harmonics and undesirable subharmonics.

Fig. 5 presents results of determination of averaged Weighted Total Harmonic Distortion

1000
factor (WTHD = (1/V,y11,),| X (Vr1i/ i)? ) of the V,;5; and V,,;; voltages of double-delta-winding sys-
i=2

tem with NPClIs (with average switching frequency equal to /./kHz) controlled by the PWMI,
PWM2 and PWM3 schemes of synchronous modulation during scalar V/F adjustment mode. The
presented results show, that at lower and medium modulation indices algorithms of PWMI1 and
PWM3 assure better WTHD of winding voltage V,,;;, and at higher modulation indices algorithms
of PWM?2 insure better spectral composition of V,,;;.
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Conclusion. Developed scheme of synchro-
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spondingly to 2/Hz and 40Hz for two simulation regimes.
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IIPEOBPA3OBATEJIBHASL CUCTEMA C OBMOTKAMH TPAHC®OPMATOPA 110 CXEME JIBOMHO-
I'O TPEYI'OJIbBHUKA HA BA3E HUHBEPTOPOB CO CPEJHENU TOYKOHU B HEIIU IIMTAHUA U C
MHOI'O30HHOU CHHXPOHHOMH MM
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Toxazano, umo mMooupuyuposantvie NPUMEHUMENLHO K Pe2yIUpOBaAnUI0 08YX UHEEPMOPOS CO CPeOHel MOYKOU Uc-
MOYHUKA NUMAHUS ANCOPUMMbL CUHXPOHHOU MHO2030HHOU LLIFIM noseonaiom obecneuumsv CUHXPOHUZAYUIO U CUM-
Mempuio popm Hanpsdicenus Ha UHEEPMOPHLIX OOMOMKAX NPeodpa308amenvHOU CUCmeMbl MpPaHcHOPMaAmopHo2o
muna (nepcnekmueHou OJisk UCNOIb3068ANHUSL 8 MOWJHBIX PE2YIUPYEMbIX DNIEKMPONPUBOOAX NEPEMEHHO20 MOKA) Npu 1i0-
ObIX pedicumax (QYHKYUOHUPOBAHUS, GKIIOYUASL PedCUMbl pabombl npu OPOOHBIX COOMHOULEHUSIX MeNCOY HacTmomou
KOMMYymayuu 6eHmuiell UHBEpmMopo8 U 8bIXOOHOU 4acmomou cucmemvl. Ilpu smom Hanpsodicenue HA UHGEPMOPHBIX
obmomkax mparcghopmamopa obnadaem 4emseepmvE0IHOB0U CUMMempUell, U 8 e20 CHeKmpe OMCYmMCmeyon YemHble
2aAPMOHUKU U CYO2APMOHUKU. Bbinonneno mooenuposanue npoyeccos 6 cucmeme ¢ 08yMsi UHBEPMOPAMU, pe2yaupye-
MbIMU HA OCHOBE Mpex PA3HO8UOHOCHEeU CUHXPOHHOU MHo2030HHoU [LIIMM. bubn. 9, puc. 5, Tabnuma.

KoueBbie c10Ba: HHBEPTOD, 3JEKTPOIPHBO/L IIEPEMEHHOTO TOKA, ITUPOTHO-UMITYJIbCHAST MO JISIIIHS.

MEPETBOPIOBAJIBHA CUCTEMA 3 OBMOTKAMM TPAHC®OPMATOPA 3A CXEMOIO NOJIBIHO-
I'O TPUKYTHHUKA HA BA3I IHBEPTOPIB I3 CEPE/IHBOIO TOYKOIO B KOJII ’KUBJIEHHS TA 3
BAT'ATO30HHOIO CHHXPOHHOIO IIM
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Tokazarno, wo moouixosani OJisi pe2ynosanis 080X IHEEPMOPIE I3 CEPEOHbOIO MOUKOIO 0XCePend HCUGNEHHSL ANeopU-
mMmu cuHXpoHHoI 6azamo3zonnoi LIIIM daiomb 3mo2y 3abe3neyumu CUHXPOHIZAYII0 Ma CUMempiio hopM HAnpyeu Ha iH-
BEPMOPHUX OOMOMKAX NEPEMBOPIOSANLHOI CUCEMU MPAHCHOPMAMOPHO20 MUNy (nepcheKmuHol 0l BUKOPUCTHANHS
6 HOMYJICHUX eeKMPONPU00ax 3MiHHO20 CIMpyMy, Wo pe2yiiolomspcs) 3a 6y0b-sKUX PeliCUMi6 (YHKYIOHYBAHHS, 6KIIO-
YHO 3 pedcumamu pobomu npu OpobOBUX CRIBGIOHOWEHHSX MIJC YACMOMON KOMYMAyii 6eHMUNLE IHBEPMOPIE | UXIO-
HOI0 4aCMOomolo cucmemu. Y maxomy 6unaoxky Hanpyea Ha iHGEPMOPHUX OOMOMKAX MPAHCHOPMAMOPA MAE 48epmb-
X8UNLOBY cuMempiro, a 6 ii cnekmpi 6i0CYmHI NAPHI 2apMOHIKU ma cydeapMoHiKy. Bukonano modenosannsa npoyecis y
cucmemi 3 080MA iHEEPMOPAMU, WO Pe2YTIOIOMbCA HA OCHOBI MPbOX PI3HO8UOI8 CUHXPOHHOI bazamooszonnoi LIIM.
Bi6a. 9, puc. 5, Tabnwr.
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