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In this paper, two switching strategies have been combined for control of cascaded PWM inverters of dual three-phase
adjustable speed drive with asymmetrical induction motor. The presented combined switching techniques allow
insuring elimination of common-mode voltages in drive system. Algorithms of synchronized modulation insure
symmetries of voltage waveforms of inverters of system for a whole control diapason. Simulations validate performance
of systems with combined control strategy of modulated voltage source inverters with low switching frequency.
References 9, figures 5.
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Introduction. Nowadays, multiphase converters and drives are powerful alternative of existing three-
phase solutions for the medium-power and high-power adjustable speed drive systems [3, 4, 6, 9]. Topology
of six-phase drive systems with asymmetrical induction machine with two sets of winding, spatially shifted by
30 el. degrees, can be based on four inverters, supplying open-end windings of ac motor [2, 8]. Structure of
such system (with two dc-links), based on control with elimination of common-mode voltages, is presented
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in Fig. 1. In this case in-creased number of inverters allows using combinations of schemes and techniques of
modulation for control of inverters of the system. So, this paper presents results of analysis of operation of six-
phase system with hybrid switching strategy used for control of three-phase PWM inverters.

Switching schemes providing cancellation of common mode voltage in multiphase system. To
s

insure elimination of undesirable common-mode voltages in drive systems
on the basis of cascaded modulated inverters, specific switching techniques
can be used [1, 7]. Fig. 2, a illustrates switching scheme (voltage space
vectors) perspective for control of cascaded (dual) inverters of six-phase
drive system (conventional definition of numbering switching sequences 1,
3,-5 (for the first inverter of each section) and 1°, 3°, 5° (for the second
inverter of the same section) is used here [7]). Fig. 2, b presents switching
states and basic voltages (pole voltages V,; and V,,, and phase voltage of the
system V.= V,;-V,,, controlled by one of two basic strategies of pulsewidth
modulation of dual inverters with cancellation of common-mode voltage
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(No-Common-Mode voltage Pulse Width Modulation 1 (NCMPWM1)). Fig. 2,c shows the corresponding
curves of the second basic version of such PWM strategy for dual inverters (NCMPWM2).

In order to provide voltage waveform symmetries of modulated inverters, method of synchronized
PWM [5] can be used for modulation of voltage waveforms of each inverter of the system.
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Simulation of processes in multiphase system with hybrid switching strategy of inverters.

Figs. 3 — 4 present results of MATLAB simulation (in the general form) of six-phase system on the
basis of four (two + two) cascaded inverters (Fig. 1). The first inverter group (INV1+INV2) is controlled by
NCMPWMI1 control scheme, and the second inverter group (INV3+INV4) is controlled by NCMPWM?2
control algorithm. Determination of voltage pulse patterns and dwell-times of duty cycles of inverters is based
in this case on techniques of synchronous pulsewidth modulation, described in [5, 6].

Fig. 3, a, b shows output voltages and spectral composition of two phase voltages for the system with
equal voltages of dc-links, operating in the zone of low fundamental frequency (/=20 Hz, coefficients of
modulation of four inverters m;=m,=m3;=m,=0.4). Switching frequency of inverters is equal to ;=1 kHz for
the all presented control modes.

Fig. 3, ¢, d presents output voltages and harmonic composition of the phase voltages of system with
non-equal dc-voltages (Vy2=0.75V4.;, m;=m,=0.7, m;=m,=0.933), operating in the zone of medium
fundamental frequency (F=35 Hz).

Fig. 4, a, b shows output voltages and spectra of two phase voltages for the system with other
distribution of non-equal dc-sources (Vye;=0.8V 4o, m;=m»=0.875, ms=m,=0.7, F=35 Hz).

Fig. 4, ¢, d illustrates operation of system with equal voltages of dc-links in the zone of higher
fundamental frequency (in the zone of overmodulation, F'=47,5 Hz, m;=m,=m;=m,=0.95).

Presented in Figs. 3,b, 3,d, 4,b and 4,d spectrograms show, that spectra of the phase voltages of
six-phase system with hybrid control and modulation strategy of inverters include only odd (non-triplen)
components, without other undesirable spectral components. Comparison of spectrograms, presented in Fig.
3, d and Fig. 4, b, shows, that the proposed hybrid switching techniques of inverters insure, by the
corresponding linear variation of coefficients of modulation of inverters, equal value of the fundamental
harmonics of the phase voltages for different ratios between magnitudes of dc-voltages of dual three-phase
(six-phase) system.

For comparison of integral harmonic characteristics of phase voltages of asymmetrical dual three-
phase (six-phase) system with hybrid switching strategy of modulated inverters, Fig. 5 presents calculation
results of averaged Weighted Total Harmonic Distortion factor (WTHD) versus coefficient of modulation m

1000
(m) for the motor phase voltage ¥, (averaged values of WTHD =(1/V,, )(Z(Vusk /k)*)*3) for systems with
k=2

the two mentioned above control schemes (NCMPWM1 and NCMPWM2), for conventional Volts/Hertz

adjustment mode of the system (F;=1 kHz). Three control modes have been analyzed: a) V;.;=V,., (solid
curves); b) Vy.2=0.85V,.; (dash-dot lines); ¢) Vyo=0.7V,.; (dotted lines) in Fig. 5.
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Conclusion. It has been shown possibility of hybridization of switching strategies for modulated inverters
of six-phase multi-inverter drive. Hybrid switching techniques can be used successfully for control of power
system (with low switching frequency of inverters) with non-equal voltages of dc-links. In this case the

proposed combined switching techniques of inverters insure, by the corresponding linear variation of

coefficients of modulation of inverters, equal magnitude of the fundamental harmonics of the phase voltages
for different ratios between dc-voltages of six-phase system. Hybrid PWM strategy can be used also for
further optimization of processes in multi-inverter systems. Combination of hybrid switching schemes with
algorithms of synchronous PWM for control of inverters assures waveform symmetries of the phase voltages
of the system. Voltage spectrograms do not contain in this case undesirable sub-harmonics.
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MHOI'O®A3HAS ITPEOBPA3OBATEJIBHAS CUCTEMA C TMHBPUJIHOU CTPATETHEN
YIIPABJIEHUA UHBEPTOPAMM C UM

Ounemyk B., noxt.TexH.Hayk, Epmypartckuii B., ToKT.TeXH.Hayk
HNHeTuTYT 3HepreTuku AkajgeMun HayK MoJ110Bbl,

ya. Akagemunyeckas, S, Kmmunes, M/1-2028, Moanosa.
E-mail: oleschukv@hotmail.com

IIpeonooiceno u npoananuzuposano cubpuoHoe ynpagienue KACKAOHO-CEA3AHHLIMU UHEEPMOPAMU CUCTEMbl CO80-
eHHO20 MPEXPAZHO20 INEKMPONPUBOOA € ACUMMEMPULHBIM WECTNUPDAZHBIM ACUHXPOHHBIM 2NeKmpoodguzamenem. Pac-
CMOMPEHHbIE AN2OPUMMbL KOMOUHUPOBAHHO20 Pe2yIUpOBaAnUs U YnpasieHus 0becneyugaom ycmpaneHue HanpajiceHus
HYZ1e801l nocredosamenbHocmu 6 cucmeme. Hcnonvsosanue cxemvl CUHXPOHHOU 8eKIMOPHOU MOOYAAyuY obecneyugaem
CUMMEMPUIO (YOPM BbIXOOHO2O HANPANCEHUA OMOETbHbIX UHBEPMOPO8 U (PASHO20 HANPANCEHUS 8 CUcmeMe HA 8CEM
ouanasoue pe2yauposanusi. Beinonneno mooenuposanue npoyeccos  wecmugasnoii npeodpazoeamenvHol cucmeme Ha
baze uemvlpéx UHEEPMOPO8 ¢ 2ubpudHbIM ynpasienuem. bubdm. 9, puc. 5.

Kntouesvie cnoea: cnpoeHHBIH Tpexdas3Hbll (mwecTH(asHbI) 3JIEKTPONPHBOL, MHOTOMHBEPTOPHAS TOIOJIOTHS
CHCTEMBI, CTPaTerus ynpaBlIeHNs, KOMOMHUPOBAHHBIE AJITOPUTMBI ITUPOTHO-UMITYJILCHON MOIYJISLUH.

BATATO®A3HA IIEPETBOPIOBAJIBHA CUCTEMA 3 I'lbPUJHOIO CTPATEI'TEIO YIIPABJIIHHA
IHBEPTOPAMM 3 IIIM

Ounemyk B., noxT.TexH.Hayk, €EpMmypaTchkmii B., TOKT.TexH.Hayk
IHcTuTyT eHepreTtuxu Axanemii Hayk MoJigoBu,

BYJI. Akagemiuna, 5, Kumuunes, M/1-2028, Moagosa.

E-mail: oleschukv(@hotmail.com

3anpononosano ma npoananizoeano 2i6pudHe YNpaeiinHs KACKAOHO-36'A3AHUMU THEEPMOPAMU CUCHEMU 3080E€HO20
MpupasHoeo enekmponpueood 3 ACUMEMpPUYHUM WeCMUPAZHUM ACUHXPOHHUM elleKmpoOogueyHom. Posenanymi aneo-
PUMMU KOMOIHOBAHO20 pe2yT08AHH MA YNPAGLIHHA 3a0e3Neyyiomsb YCY8AHHs HANPYeUu HYIb080i NOCII008HOCMI Y CU-
cmemi. Buxopucmanns cxemu CuHXpoHHOI 6eKmMOpHOI MoOynsayii 3abe3neyye cumempiro popm uxioHOI Hanpyau OK-
pemux ingepmopie ma asHoi Hanpyeu y cucmemi y 6CboMy 0ianasoui pe2yito8anHs. Bukonano mooenroeants npoyecis
V wecmughasHill nepemeoprogaibHill cucmemi Ha 6azi Yomupvox ingepmopie 3 2iopudHum Kepysannam. biom. 9, puc. 5.
Kntouosi cnosa: 3mBoenmit TpudazHui (mrectudazHuil) E€NEKTPONPHUBOJ, OaraTOiHBEPTOPHA TOMOJOTISI CHCTEMH,
CTpaTeris yIpaBIiHHA, KOMOIHOBaHI aITOPUTMH ITHPOTHO-IMITYIBCHOT MOTYJISIIII.

Hapitimna 14.04.2015

1607-7970. Texn. enexmpoounamixa. 2015. Ne 4 35



