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Fig.1 Schematic diagram of common-mode voltage
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Table 1 Current sector division
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Table 2 Voltage vector switching combinations that can

generate equivalent Zero voltage vector

s gama OFE | pgas SOF

K K
1 U, us 2 U, Ug
3 U ru, u, 4 u,<u, u,
5 U< us 6 U, ug

MRYEZ AT G5 3, AR SO T — b LT L
XA H R O R T3k 792, LA FE 40 I 6 AN AR L TR
O o T SEIAAR L, e 40 i B[R] B /N FRLR THD
Fr b 0 A R R B Tk A AN SR 3 B, IR, 5
SCHR[ 16 ] —F AL R F B R R m# i fbiz
B AR SR PR 2 SR B A R & L R R
HATEAR,

XU SR A1 RN 3 AT UL AR SCAIR R HA K
TRAEAN[R] ) FL I8 3 DX P 3388 I 1 Pk | R 2K A
B, AT AT LA FE 43 FI W H - AR 28 1 6 N EER
A1, S/ NI THD A9 H Y



£ 18

DRF A A TR HL S O e T )50 7 A A TN LA vt 40 ) 5 7% 35}

®3 ANRUMBEXRERERE

Table 3 Proposed voltage vector selection method

ENES S S TR
u, 1 Up,Uy, Uz, Uy, Ug
u, 3 LIRLERLRL IR
u, 2,4,5,6 Uy, Uy, Uz, Uy, Us,Ug
u, 2 Uy Uy, Uz, Uy ,Us
u, 4 Uy, Uy, Us, U
u, 1,3,5,6 Uy Uy Uy Uy U U
u, 3 Uy Uy, Uy, Us, U
us 5 Uy Uy, Uz, Uy, Ug
7 1,2,4,6 Uy, Uy, Uz, Uy, Us,Ug
uy 4 Uy Uy, iy, Us,lg
u, 6 Uyp,Uy, Uz, Uy, Us
u, 1,2,3,5 Uy Uy, Uy, Uy, Us,Ug
us 1 Uy Uy, Uy, Us,Ug
us 5 Uy, Uy, Uy Us,Ug
Us 2,3,4,6 Uy, Uy Uz, Uy, Us,Ug
Ug 2 Uy Uz, Uy, Us,Ug
ug 6 Uyl Uy, s, Ug
ug 1,3,4,5 Uy, Uy, Uy, Uy, Us,Ug
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Fig.2 Simulative results based on method in table 3
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Fig.3 Current sector division based on hysteresis
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Fig.6 Simulative results of improved method

I 6(c) LA AR, 2 itk 2 )5, Jepe
FL R B9 BT AR A 2 . 18] 6 (a) PT WL 3,
YR IE/NGE, I TR BB X T BT I,
BUEH] T 3 BT i B XM T S 00 Sk R
6(b) Rl LAY M 75 51, 24— o R 2 A B T
B4 PR PR, F IR DX 7, G 3 R i B A AS
AHRB ELAAH BB e SR i DI 4 5, mT A58 4y 3t
B A HITE 2u,,/6 Z W,

N T IEMER L HE— 25 X A ST R IR A
JROR BT W AT S AT RN T

BB RAE =AML 4, 0, 0, HF R E—
WIFr e B R R

B2 MR TE 14530 =R R IR T R X
FIWr A5 2N XS,

A3 R IR 2 1 RIAY R X S PEFEHL R R
EPETTE ., WAR S=7, WIARYE TR 1 45 2 L R
KA u MR AL TR 0977 1k 254 T H T % T
e AR So# 7, MIARYE AL 9K 1 15 2 i i R R it w Al
R 3 R B SR L A U R B T O VA AT R i
itk

P TSP RS ROl NN i)
Pl F AR T AN H AR e& &0, o AT 2T —

RSV ENE S i o
ABES REEEE L,



£ 18

DRF A A TR HL S O e T )50 7 A A TN LA vt 40 ) 5 7% @

4 SLIGEER

T 25 B E BT O B A R, B S
P BTG EE, LRSS 3
WP S8 —28, S5, SRk A DSP28335 1Bk &
FEHIES SR FE A DLM4000 51 75 3 s R A 7 854 %
£ SLIT-H AR R R E A2 R

K7 g th T AR 50 He,iy=6 AL, =0 i}
3P TR LI A P u, N IR AR R a FHE
W AR R T RE LR 2 MRl R B 1 Y @
5N SZEBHEE,

2 2 LAN AN 7
g 8 8 |V 0N
2 5 5 MWW 2
U'e) 8 8 Uav ®\ | May
Bl g LT cm

:10 ms/div t:1 ms/div
(a) SCER[13]18977

> > Iap Al A
gz 5 85 |V .
SIS VAVISU YAV AV VAN b
< o o Uy O Uy
n S S - - T WL and NS R R L L T
'f c.\! ‘T: U L LU }l. U UUUGlLUGULUIauaUUL
g cm
#:10 ms/div t:1 ms/div
(b) XERL 1617
> > LA
e g 5 |00/ 000
235 MWW
o o Wy To)t
w S (=]
s N =
s 3 B
=~ BN S
t:10 ms/div t:1 ms/div
(c) ASCRB A B

E7 REZTHRER
Fig.7 Steady-state experimental results

A 7 (a) AT 0L, SCHR [ 13 ] BT b 5 6 FRL T 4L
PR/ B T2 RS 25 B AL IX A 52, 3 BOH:
gt A IR PR A TE e, /2 B HRL ARG AL
JEFI AR RMS ( Root-Mean-Square ) {H 4 26 V., H K]
7(b) ATV SCHR( 16 ] 3 A% 1k BT A AR R BN AR 2
FA LR O R AT U048, DA AT LA 58 4 T BR R AT HL T
Qg HILEIH FE RMS (H kN 25.5 vV, HiE T
WITERRA S M S 4R 1 6 D AEF R R i,
SRRSO, B 7(c) AT, AR SCERTTHRY
Ty a3 e o3 A 30 A8 2 09 AR % g TR Ok 1, DT BE
AT LATH BRI R QW 4 2L T RMS {E 980/ )N 3]
25.5 V3T DA/ RS0, X B UE T A SO i3
TR RA R

8 HE—2L b g T i AR 50 He, B R
4 Ay 14 A IF,3 BhJ5EE R HLSL THD XF FL4S

&l 8 ] UL, 5 SCHR[ 16 ] 9 A bE AR SCH
B9 77 120 S5 I A i, e R WA 41 o] ) ] 1 AT 9/ )N o
Uit THD, X — L0k A SO ik A 88k

B9 Xt H 13X 3 Ao i shaSm i ok % . 524w

9 -

THD /%

4 6 8 9 10 12 14
L A
w SCHR (131 A7 vk, mm SCHR [ 161 #9775, AR SCIR HA (K 07
8 FEft THD LW LR
Fig.8 Experimental results of current THD

i, i AR 315 50 He,i,=0,i, H19 A S8R 6 A
Hi1E1 9 AT, BARIX 3 k5 ik BT AN [ A H 2R o
T SR, (H g 25 e e e FEASAR ]

> B
z 85
>
222
n S S A
"‘f ‘\% '-E ucm o
N R T e R W
#:10 ms/div t:1 ms/div
(a) CER[13] M7
2 2 [0 Raaad
5 2 2 WA
222 WA
n S S : T
IS B —
s 3 5
BN S
t:10 ms/div t:1 ms/div
(b) XHR[16] M
2 B A
g 55| R &
< z z u‘w\/,b,v\!, e by
9§ E i T A
S5 R Uem 11 Uem
s E T B o
t:10 ms/div t:1 ms/div

(¢) AIC|MIMTTIE
B9 HELRER

Fig.9 Dynamic experimental results

A X EE L 9 (b) FTE 9 (e ) AT UL, ASSCRT R J7
TEH TGN T P R R, T O A RS
W/

P10 FIE 11 5 1 T A SO $ 07 1 S0 T 503
RSBV o SERINE, AR — > FE i ] A T F
RUBCRAN, SR JG FEHEAT -2, Dt Al 45 21 S5 20T 6
PR, ARSI R I I R G AL s =

2
22 [ L
B A v
RN Ve
oo faa SN
£ ’ VAVASA VAV
t:10 ms/div

B 10 ZFFmsRiER (i, B4 ARIEH 14 A)
Fig.10 Waveform of equivalent switching frequency
when i, increases from 4 A to 14 A



[38) & 0 8 % w it %

%39%

5 S L
% N AR " PSS \ /"\ | /\
2z SR
o ('\ler ' \./, S
8
t:10 ms/div

B 11 A RMREF (i, B 1 ARIEH4SA)

Fig.11 Waveform of equivalent switching frequency

when i, increases from 1 A to 4 A

AHHL IR FAEROIT AR PE | B 10 45 T B
M50 Hz,i,=0,i, H1 4 A 5300 14 A BFHYSER0T
WA

Al 10 7] UL, 78 HL I 28 Y I, S5 3000 0 R
R, M, b4 A B SEROIFRAE N 8.7 kHz;
M0, 14 A B SEROF CHEN 4.7 kHz,

11 #2285 T HURRY 50 Hz,i = 0,4,
H 1A 3R 4 A B SEROT SRATRIEIE |

AL 11 AT L, 7 H O 2 3 B, S5 380 I e A
9 kHz BT sl #e b Y RAEIZN 20 kHz B,
R I 42 T 18 S5 5 A%/ N T 10 kHz, A
Tt L Y AT 5 R R I R B 18 S 8O % AT
PRA STy IR (R ST AT AE 4.5 ~9 kHz Z [A]
Wesh x5S AR5,

AN 12 A 13 IR T AR SO R
TRANASI RN AR, P 12 KR LA 50 Hz,i, =
0,i, H1 4 A 25880 14 A B h A 5250 45 55 14 13
X HL AT 50 Hz,i,=0,i, 14 A 280808 4 A
i B S A S

MAL I SEE

/ \‘X/ : By
)

uu
e nrgmnn T L

ia ip:5 A/div
U200 V/div
Uem:100 V/div

t:1 ms/div

:10 ms/div
B 12 FrRAENSIERINER(, B4 ARIEH 14 A7)

Fig.12 Dynamic experimental results of proposed

method when i, increases from 4 A to 14 A

s & B NN i —
S "§ "§ M&Q_N\U ROV 45::M ib/m
9 ai S m%ﬁwmw e |~ TP T G
S / : i

£:10 ms/div t:1 ms/div

B 13 FRAENNELRER (i, A4 ARBAH4A)
Fig.13 Dynamic experimental results of proposed
method when i, decreases from 14 A to 4 A

TP 12 113 0] UL, AR SCRi 48 J7 ik A L i K
R AL AT HAT By B sh et . X e — PRI T
ARSI R A R

5 #ig
ARSCHE R T —Rh R TR A H 2R 5 T 1Y 3

A AR T He AR F e R v DA AT DL SR 43 A
PIHL P A8 280 6 DR e O o, 7R L BLAL L
JEA A [FE, mT LA/ INR 3 THD, 5 SCHR[ 13 ] B
WA L, AR SCRT T B 7 i 5 18 T AR IX Y
SEma DT AT LA 58 42 T BR R i e g 0 5 STk
[16 ] Bt my I e A b, A SO i i i Jr i35 hn 1
TIBE O 1k, DT AT A 00 o SHA H s QU vy [ B
SEPLHLUE THD B8/, 7 BRI SE g0 45 SR 1 Bk 1
AR gk ARk
P s LA M 25 3% (hitp : // www.epae.cn) .

SE 3k

[ 1] B, 4500 2k, T kb Ay v 100 o 153 ) D6 AR HL o R
FRZE I REms [ )] 1 A S EBE#,2017,37(7) :13-19.

GU Haohan, CAI Xu, LI Zheng. LVRT control strategy based on im-
proved grid-voltage feed-forward for photovoltaic station[ J]. Electric
Power Automation Equipment,2017,37(7) :13-19.

[ 2] RuHE, o026 X0 S JOW UK T B HIL I G 3 B2 A% 1A
REERIBR[T]. B3 A3 isis,2013,33(8) :125-130.
ZHU Yunguo ,ZHANG Xing, LIU Chun, et al. Sensorless vector con-
trol technology for brushless doubly-fed wind power generator[ J].
Electric Power Automation Equipment,2013,33(8) ;125-130.

[ 3] Ei, BosR, o1, 5. 5T M 2 25 A R 1 SRR A ML R

ARG AP dl (1], iy A3kt %, 2017,37(2)
126-133.
WANG Shuai,DUAN Jiandong,SUN Li,et al. Power balance control
based on super-capacitor energy storage for micro-turbine power
generation system[ J]. Electric Power Automation Equipment,2017,
37(2) :126-133.

[ 4] SIS WA A . — RS 0 K 8 17 25 i U B Tt s [ 7]
i) A B b4 ,2017,37(4) :197-202,217.

GAO Xiaonan, CHEN Xiyou. Improved model predictive control of
permanent magnet synchronous motor[ J]. Electric Power Automation
Equipment,2017,37(4) :197-202,217.

[ 5] AT BRA AR, sk ok, — b Bk 5 7w 1) A0 v B % 4 422 1
MRAS Jr 22 [ 1], MMEET A 22 B4R ( B IARRERT) ,2014(4) :
46-49.

ZHENG Anping, CHENG Fuchun,ZHANG Zhiqiang. An improved
MRAS scheme of PMSM vector control[ J]. Journal of Zhengzhou
University of Light Industry( Natural Science) ,2014(4) ;46-49.

[ 6] FR/ham, BHIGRH. JO7A8 He s = A BIR 5% B 16 AR 3 78 2 SR
F5E[J]. hE B LRRSAHE,2017,37(11) :3270-3277.

GUO Xiaoqgiang, JIA Xiaoyu. Common mode behavior analysis of
transformerless three-phase DC-bypass PV inverters[ J |. Proceedings
of the CSEE,2017,37(11) :3270-3277.

[ 7] 5kE, B, EHIT, ST it P AR s A 5
(J]. Wy Aghfbisi#,2011,31(10) :85-88.

ZHANG Yayu,SU Jianhui, WANG Qibing. Study of common-mode
voltage in high-power current source converter[ J]. Electric Power
Automation Equipment,2011,31(10) :85-88.

[ 8] skEE. —Fhimil z PRG3R i PWM 5[ 1], f17 A

ki ,2013,33(6) :81-86.
ZHANG Jin. Common-mode voltage suppression by PWM for Z-
source inverter[ J]. Electric Power Automation Equipment, 2013,
33(6) :81-86.

[ 9] CAVALCANTI M C,DE O K C,DE F A M, et al. Modulation tech-



£ 18

DRF A A TR HL S O e T )50 7 A A TN LA vt 40 ) 5 7% ®

niques to eliminate leakage currents in transformerless three-phase
photovoltaic systems[ J]. IEEE Transactions on Industrial Electro-
nics,2010,57(4) :1360-1368.

[10] VARGAS R,RODRIGUEZ J,ROJAS C A, et al. Predictive control
of an induction machine fed by a matrix converter with increased ef-
ficiency and reduced common-mode voltage[ J]. IEEE Transactions
on Energy Conversion,2014,29(2) .473-485.

[11] DURAN M J,RIVEROS J A,BARRERO F,et al. Reduction of com-
mon-mode voltage in five-phase induction motor drives using predic-
tive control techniques[ J|. IEEE Transactions on Industry Applica-
tions,2012,48(6) :2059-2067.

[12] MUN S,KWAK S. Reducing common-mode voltage of three-phase
VSIs using the predictive current control method based on reference
voltage[ J]. Journal of Power Electronics,2015,15(3) ;712-720.

[13] HOSEINI S K, ADABI J, SHEIKHOLESLAMI A. Predictive modu-
lation schemes to reduce common-mode voltage in three-phase in-
verters-fed AC drive systems[ J]. IET Power Electronics,2014,7
(6) :840-849.

[14] GUO L,ZHANG X,YANG S, et al. A model predictive control based
common-mode voltage suppression strategy for voltage source inverter
[J]. IEEE Transactions on Industrial Electronics,2016,63(10) .
6115-6125.

[15] KWAK S, MUN S K. Model predictive control methods to reduce
common-mode voltage for three-phase voltage source inverters|[ J].
IEEE Transactions on Power Electronics,2015,30(9) :5019-5035.

[16] KWAK S,MUN S. Common-mode voltage mitigation with a predictive
control method considering dead time effects of three-phase voltage
source inverters [ J ]. IET Power Electronics, 2015, 8 (9) ; 1690-

1700.

EZE BT
HEHE(1987T—), B, Th# 5 A, 3
I MR T GAERBRAS
ALY BEAL TR 42 ) 5 (E-mail ;2006guoleilei @

163.com) ;

SHARKF(1990—), B, & -Fm.bA,
: MERTE, TR A T QAL LT B d

N&E&E

7143 (E-mail : handongxu@zzuli.edu.cn) ;
MOE(1990—) , B, R B AEREAN LR A £ 28T
AL L L NIV I ER ST
(E-mail ; ruitao5555@163.com)

Hybrid voltage vector preselection strategy based model predictive
control method for inverters to reduce common-mode voltage

GUO Leilei' ,HAN Dongxu',RUI Tao®

(1. College of Electric and Information Engineering,Zhengzhou University of Light Industry ,Zhengzhou 450002, China;
2. National Engineering Laboratory of Energy-saving Motor & Control Technique, Anhui University , Hefei 230601, China )

Abstract ; Dead time may lead the conventional MPC ( Model Predictive Control) based CMV ( Common-Mode Vol-
tage) reduction method to generate CMV spikes around *u, /2. For this problem,the effects of dead time on CMV

spikes are analyzed in detail ,and the generation principles of the CMV spikes are obtained. Based on this analysis

results,a new current sector based voltage vector preselection method is designed to eliminate the effects of dead

time. As it is difficult to identify the current sector accurately due to the large current ripples, the current sector divi-

sion method is further modified, and a hybrid voltage vector preselection strategy is finally designed to completely

overcome the effects of dead time. The simulative and experimental results show that the proposed method can not

only completely restrict the CMV within +u,./6,but also reduce the current total harmonic distortion.

Key words : electric inverters ;model predictive control ;voltage vector preselection ; common-mode voltage reduction ;

dead time
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