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Strategy of reducing the common mode voltage modulation of a three-level matrix converter
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Abstract: Compared with the conventional AC-DC-AC power converter, the matrix converter can easily realize the
transformation of N phases to M phases as a general power conversion device. The matrix converter can produce ideal
input and output waveforms, no intermediate energy storage links, two-way energy flow, and fast dynamic response, etc.
The three-level matrix converter can improve voltage transmission efficiency, realize multi-level voltage waveform output,
and break through the voltage transmission ratio of 0.866 for the common mode voltage problem in the modulation
process of a three-level matrix converter. In this paper, an improved space vector modulation algorithm based on a
capacitive clamped three-level matrix converter is proposed, and different modulation strategies are selected according to
different modulation indices. The common mode voltage of the three-level matrix converter can be minimized. The
feasibility and correctness of the simplified strategy are verified by experiments and simulation platforms.
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Fig. 1 Topology of capacitor clamped three-level
matrix converter
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Fig. 3 Output voltage space vector hexagon of
three-level matrix converter

4.1 RIEHI R BOEH 75 E

7 A T R B I T R G B e AR R AR
JEBT, R A e Ok B AT IR A e 1) s 1) R
U] 4 Fos o i e ) H T 4 T R B A ] 5 s

& 4 2iRMHEBEETELXER

Fig. 4 Full output voltage space vector

T KR 9 /) F s 2 B8, R AR ) 1A
HFE AR, B AR s R R S R
AR . 7] AR A T2 H
FERERKAFERIAS, B, 2R s
K k=1, EHRIIER R EN Riv Rev Rav Ras
Rs. Jl4 i iR i k=1 B, S IiE REN
o~ I3~ 4~ I's o

HAEEE, 2 k=1 A k=1 B, S 4
Wi e O R EAT I, Dy 1 PRIE e R R T
[ AR AE, DA 26 LA T 2 2

Vo=R +R,+R, +R, + R, ©)
b Vo Rt g diASPMHEERE ST

k=2
A Im

{d1+d2+d3+d4+d5:1

5 iR B ESEXER

Fig. 5 Half output voltage space vector

I RN IR R ETT ], fE SVM i
I R e i N FRLA A TR] S B 7 Tk AR DA 2
dlsin(ﬂo _ﬂl) - dz Sin(_ﬁo _:Bi) +
d,sin(-2n/3+ S, - 5.) -
d,sin2n/3-4,-5)+
d;sin(2n/3+ 5, - 5)=0
b BONBINEIR AR R A B, Nt iR
[A] 2R B A o AR 20(5) s 2(6) FTREF AN R B 1) A L

(6)

dl:E[l_zqcos(n/3—ozi)cos/3i N
3 COSJ;
J3q sin(2n/3—-a,y + S, )]
COSJ,
g -9 sin(2n/3—aé+ﬁi’)]
B CoS J,
d3=£[1—2 cos(n/3—a,)cos S . )
3 COS S,
sin(e, — !
J3q (a5 ﬂ.)]
COS 0,
d :ix[sin(ag—ﬂ{)]
NN ) Cos§,
OIS:1[1_2qcos(n/3—ozo)cos,8i
3 COSJ,



B, %

) = PR TR A A TR L I A ) S - 53 -

R, 6 =a, - B TRHZ A B S 55 B
Bifie, of~ Py XUWIF:

al =)k x2n/3-a,), k =kvx0.5 @)

B =(-D"k,x2n/3- ), k, =kvx0.5

LR AR R RN, HTHEEARXS b
R ATAHEL, 72 57 RBPR B FAF N AR, KT
T NT L), HHFREBAEA RITEE N . BaX(7)
AN SR FH A e S B AT Iy, MR
0~0.5; R FMRER R EHAT BN, I HHEEHE
0~0.25.
4.2 SEHIREOEI5E

= AR R AR 8 s 2 ) R B R S N T | DY A
TRGHB, WM TREAUTIFRR: 1) TR
gt 1 e RENDIVER KN T RS, SEGHK
WA F R, XRS5 HAET MR
B, BAHZRIITRIRE. 2) 72512 e 7 43k
FRER) PN 9 HAFTREMN A, AF
ZRIVLRIRE. 3) TRSG 3 HE 8 HIEFREH
B, SHAMT /G AR 305 RAAFERHEE
R XA EZRICRIRE 4) TRYE 4 1155 6.7,
9 HARTREMIF, R 12 o HOIR A 14 B B
s, HIURBERR=AHABIEE T RS, Hit
& CMV I FIEAD 2 H AR RSB A AEA AL
By RS OL T R EE 6 ZHARR R B A R
7. 94, BIOAE AT BA AR /N ) AR FE s (18200,

N TR, KRNI kT
Bk, k6 pros.

4 f Im

B 6 R mX=ExEX S

Fig. 6 Traditional sector space vector partitioning

HI & 6(a) T, & 60 T X 20 NPUAS/N = FTE,
HWASAMA AR, HFFHAE A =MAEOA. 3)
M. mE 6(b)AI%1, AT &I RAM RN
FIHRIE T 258, SVM SIUEH X el LLfE L, T &
G2 YT RGHE, FREATREE KR
JE o PRI 5 PR SR B = P B AR e 2
SVM NIHTEAHIA

MUt fE SVMBPR 2K & AT R 458, &
60 F5 X 73 AN =AM, Al BB = AE
(2« HFPY B =M. 3. 5. 6)4Lak, K7
e 2T RGN FIHERRES, =A%
G- N EITLARRE, BT SZE SYM NIUEEE
BOEEMRGy, FRERETR AN TFREEFELZN
HLFOIRFS, B mT DAASH B8 22 (1) Pl e F IR S SR
RO AR AR A R TR R B R SR I PRSP . R 2
e AR R EUE LR, AT LA K 2 BSOS A
T &4 LT IRE, BT 5% 1 AEEeRIER
FRAS, M E A AL R G A S AR

A Im
\
\
\
S
~ \
\\ \\
4 ~ AN
AR
A
N\,
A
PRV
VAR
-7 L
P Y, S
P 7 [N
P / ~ [IY
e 1 ,’ “ o .\\
e ; V6 Re
= 3 3\ » »
>

7 MR EREERER S
Fig. 7 Improved sector space vector partitioning

4.3 AFTREHIRBHI &L EHIAZANE 8)

TR A s BRARTS DL T A0 RE fa H 225 IR RV SK
B 75 BRI ) AR SEBRIS AT IR Py R A S
BNRAE /N TS E e, R AR e HY e
W 2 B SHE SN, SRR f R T
AN THEX, BAFAERK AR/ & 22 LERR 1 DL
JEFESERER, B 2 SRS R (1. (BIFARY
W 2% ] £t SR Mgt X AR L IS F) 30 ) o

\ didk s

7 SVM 45
AP Tie
\/\ \\ HEST
» Re

\

e i i
LEST

\{;}/

& 8 A EIVEHI R R L EHIF
Fig. 8 Final modulation solution of different
modulation indices



.54 - €0 & REP B A

T Y kR T R AR T R PG p R
JE AT LA R BEG CMV,  SVM ST TE AR [R1 143
WAHBIT CMV [0H] . 6] R SePrig T3R5
W, i Z%0<0.5 I, SR HIERE R &R i,
R e e ok st AT A 0T LUK CMV b 313
[F A% THD 3400 4 52 %0>0.5 i, otk f5 SVM
ANITEKI 5y ] DLR B AR iE B FORES, AL
f&48 SVM NITERI 5 RETR> 10%CMV.

5 {ENSKIEIIE

51 A&
N T IRAIEAS SCHTHR 5 iR IR W AN Rk, @
It Matlab/Simulink f-F & 37 TLMC (14 HAR
A, AR R ST A R B ) 1R ) SR S5 AR B
] SRS AT XF LA pT 12027, i Bk 2 Fiw.
=2 HESH

Table 2 Simulation parameters

B 24 HE
LPNGENERGIET B 100 V, 50 Hz
B2 RETES 70 Hz
UL AE R 0.4. 0.6
i NIEV AR LAY 5 uF
i N TR 3R R 10 mH
LIPANGEN 10Q
FER I 50
B LI 10 mH

P 9 FIA 10 43 73 R /AR G il SR ms R = S P 4
B AR e 2R AR TR IR A, 4 HIFEE0N 0.4 B, St
R R R(E L N R IE(E 100V, FHIFRECN
0.6 I, LB RIE(EZ N 60V, MK 11 K 12
ATCUE H,  HT I i SR T DU b PRI LA
ME AR 128291, FHABRRE LN 24 H SRS N 0.4 I, JLpE
H MR AE T BAJSZD S 0, ) LSt 2 B R e
RN = HPAR R AR e s AT VR IR, BRAT LB
JE TR A % 21 e 1K

100

50

: ; ;
‘ ‘
| [ |
(R ‘
\‘w I |

(i “‘M H | | 1 ‘l
i .

d I
0.02 0.04

0.06 0.08 0.10
t's

&9 fRg=EREEIFHILL 0.4 B CMV &
Fig. 9 CMV value using traditional space vector
when modulation ratio is 0.4

0.02 0.04 0.06 0.08 0.10

E 10 G ERELIEFIE A 0.6 BF CMV {E
Fig. 10 CMV value using traditional space vector
when modulation ratio is 0.6

U, o L’.

0.02 0.04 0.06 0.08 0.10

s

B 11 #FEHIREEEEFIEE S 0.4 B CMV (B
Fig. 11 CMV value using new modulation strategy

when modulation ratio is 0.4

L i i I L
0.02 0.04 0.06 0.08 0.10
U's

& 12 #riEH e iEHIEL A 0.6 B CMV (&
Fig. 12 CMV value using new modulation strategy
when modulation ratio is 0.6

5.2 SZIGISE

BT T T DSP+EPGA A= 45 28
HLSZEG - 65 SR B6E 4R H PRI ] SFE & PR AT AT 1tk S 1
PE o SRIOERE 5 05 B — 2

Bl 13— 16 KR AL 4025 1) < = i il 7 2
HEAT R GFERTE BN 0.4. 0.6) = Hi P40 AR H s
SLIGEER, B 17— 20 s K HT I ) SR s gk
AT VSRR ECN 0.4, 0.6)%F EL IR gl R .

0.02 0.04 0.06

E 13 g =E R EEEHIEE R 0.4 B CMV (&
Fig. 13 CMV value using traditional space vector
when modulation ratio is 0.4



SR, S ) = PR A S R E I A ]

- B5 -

.,..
£ N o N &

0.02 0.04 0.06

14 R EREFIEILL A 0.4 BHMIL IR
Fig. 14 Output current using traditional space vector
when modulation ratio is 0.4

gL

0.02 0.04 0.06
s

15 R = [EIR B AL 0.6 Bf CMV (&
Fig. 15 CMV value using traditional space vector

(=}

when modulation ratio is 0.6

& 16 fE 5= B R EBTEHHILLH 0.6 B ERIR
Fig. 16 Output current using traditional space vector
when modulation ratio is 0.6

) () Al ot ool s ot et bl b o g e e o ek e bl

0.02 0.04 0.06
fi's
& 17 FiAHISRREEIAHILL S 0.4 Bf CMV &
Fig. 17 CMV value using new modulation strategy
when modulation ratio is 0.4

L)

N o

e AN
[\ /
\/ﬁ VAV

0.02 0.04 0.06
s

18 FriEHI SR EVEHILL 79 0.4 B BRI

Fig. 18 Output current using new modulation strategy

when modulation ratio is 0.4

0.02 0.04 0.06
1's

19 #riEHIREs £ EHIEL A 0.6 B CMV (&
Fig. 19 CMV value using new modulation strategy
when modulation ratio is 0.6

s
1\ pa)
f:i \ / /\ jﬂ \
1V

s

B SN e N

& 20 #iFHIREEEEEHIEL A 0.6 BHH IR
Fig. 20 Output current using new modulation strategy
when modulation ratio is 0.6

XL SR A R T PR 2 ie,  ZiRfiEEOy
0.4 I, RFMEGL A M SR HIT7i% CMV HLR (S
JUF-79 100 V, TR FH T D 1 1] SR CMVHEL T #2230
NE. HEGEEECN 0.6 I, RAMEG A R EH
#7775 CMV HLRIE(ETE 60 V ity BN ks), ek
HE 1022 6] S A ) SRS UKE CMV I fELF IR 50 V
FeAT s SRIRAERAERT 1 R ] SRS R R AT

6 L5

AR BLMC 1) SVM R T RS i, 15
HER RGO T, R AIEH: K& 4 ke
HHERTLME CMV BEAE . (B2 R KRR SO



-56 - @ HERIEF DR

0.5, ARHEAS [F) 1 il FE b BEAS R (R 1A il SR, T
DUF AR R B B /N o

R T BSAIE FITHE (PR ) SR R IR R SR
AT EANSEIS Ay, SEIR 25 SRR, IR a4k
i, R bERE R BT R T LAME CMV AE, &
VEHIFEEO , B SVM 1] LK CMV AKX 31 50%.
1] ST ] CMV 2 F

SEH

(1] Wt S, R AR i ds BP0 W) K F2 1 ) SR s
HIRAL[I]. HJT B3k &, 2012, 32(11): 77-82.
YANG Xinghua, JIANG Jianguo. Optimization of direct
space vector modulation strategy of matrix converter[J].
Electric Power Automation Equipment, 2012, 32(11):
77-82.

[2] LE Q A, LEE D C. Common-mode voltage suppression
based on auxiliary leg for three-level NPC inverters[C] //
2017 IEEE Applied Power Electronics Conference &
Exposition, March 26-30, 2017, Tampa, FL, USA.

[3] ZHANG Y, GAO Y, LONG L. Study on a common-mode
voltage suppression method with high performance for
the three-level diode-clamped inverter[C] // 2012 IEEE
International Symposium on Industrial Electronics, May
28-31, 2012, Hangzhou, China.

(4] ALAWIEH H, TEHRANI K A, AZZOUZ Y, et al. A new
active common-mode voltage elimination method for
three-level neutral-point clamped inverters[C] // IECON
2014-40th Annual Conference of the IEEE Industrial
Electronics Society, October 29-November 1, 2014,
Dallas, TX, USA.

(6] &8, AEk, #7938, 55 BT A8 = s opal
7R A5 PR AU R A0 7 ) O R o) SR 0], A LR 2
%, 2017, 32(18): 230-238
WANG Zhigiang, DENG Chenchen, GU Xin, et al.
Improved virtual space vector modulation strategy based
on midpoint clamped three-level inverter[J]. Transactions
of China Electrotechnical Society, 2017, 32(18): 230-238.

(6] BB, Vritte, —ARE B = P AR AR AR R
IHIBEAR[I]. W7 H Bk %%, 2018, 38(1): 66-73
LU Dianshun, XU Honghua. Common-mode voltage
suppression technology for diode-clamped three-level
inverter[J]. Electric Power Automation Equipment, 2018,
38(1): 66-73.

[7] SHI T, HUANG Q, YAN Y, et al. Suppression of common
mode voltage for matrix converter based on improved
double line voltage synthesis strategy[J]. IET Power
Electronics, 2014, 7(6): 1384-1395.

[8] QU J, XUL, WANG L, et al. Research on the modulation

and control of multilevel matrix converter[J]. The Journal
of Engineering, 2018, 2018(13): 614-621.

[9] OUANJILI N E, A DEROUICH, GHZIZAL A E, et al.
Direct torque control of doubly fed induction motor using
three-level NPC inverter[J]. Protection and Control of
Modern Power Systems, 2019, 4(3): 196-204. DOI:
10.1186/s41601-019-0131-7.

[10] 1R¥EH, MR, TEAZ. MM B P2 e &5 142 1 SR

REMEH[. AR 5HOR YR, 2018, 33(3):
70-74.
XU Yanchun, YANG Hao, CHENG Shan. Control
strategy and simulation analysis of ultra-sparse matrix
converter[J]. Journal of Electric Power Science and
Technology, 2018, 33(3): 70-74.

[11] RAJU S, SRIVATCHAN L N, CHANDRASEKARAN V,
et al. Constant pulse width modulation strategy for direct
three-level matrix converter[C] // 2012 IEEE
International Conference on Power Electronics, Drives
and Energy Systems (PEDES), December 16-19, 2012,
Bengaluru, India.

(12] SR, Sk, Wt 5. FT 2 i) = /(e

FRHE R A 25 TR AL SRS BT TE[I]. D R GRS,
2019, 47(13): 70-76.
MA Xinghe, MA Yaguang, XU Dan, et al. Simplified
strategy of three-level indirect matrix converter based on
space vector[J]. Power System Protection and Control,
2019, 47(13): 70-76.

[13] JRMER. = rb PR AR e 25 VR ] SR (KT AL [D). & Ak
ZRALHE IR, 2017,

ZHU Lihui. Research on modulation strategy of three-
level matrix converter[D]. Jilin: Northest Electric Power
University, 2017.

[14] ABDELRAHIM O, ABU-RUB H, AHMED S M. Space
vector PWM for a five to three matrix converter[C] //
2013 Twenty-Eighth Annual 1EEE Applied Power
Electronics Conference and Exposition (APEC), March
17-21, 2013, Long Beach, CA, USA.

[16] X, XUHESH. KOG AR Ak 8 5 8 Jk HLEE B T [9]
rf [ /7, 2018, 51(3): 121-130.

ZHU Wu, LIU Yajuan. Study on the mechanism of
harmonic resonance in large photovoltaic power plants[J].
Electric Power, 2018, 51(3): 121-130.

[16] MALEKJAMSHIDI Z, JAFARI M, ZHU J. Analysis and
comparison of direct matrix converters controlled by
space vector and Venturini modulations[C] // 2015 IEEE
11th International Conference on Power Electronics and
Drive Systems, June 9-12, 2015, Sydney, NSW, Australia.

(171 W, BK5%, ke, % ZREA R =P



B, %

) = PR TR A A TR L I A ) S

- 57 -

[18]

[19]

A% LA R D] TR 4R, 2015, 30(24):
110-117, 170.

WU Keli, XIA Changliang, ZHANG Yun, et al. Common
mode voltage suppression of diode-clamped three-level
inverters[J]. Transactions of China Electrotechnical Society,
2015, 30(24): 110-117, 170.

Xk, d/ANE, kHREG. 5T Buck-Boost HiFEARHLHE
7 A LI R SR SRR 0], B R R 1%
], 2019, 47(20): 156-162.

LIU Ji, ZHANG Xiaoping, ZHANG Ruirui. Control
strategy of asynchronous motor speed control system
based on buck-boost matrix converter[J]. Power System
Protection and Control, 2019, 47(20): 156-162.

EWH, ¥, SOHE, & RIGUERYL 2 AR
AR WA RIS RG], ARALH SR 4Rk, 2019,
39(3): 59-66.

WANG Rutian, HAN Xu, WEN Xiangyun, et al.
Optimization of control strategies for cascaded modular
multilevel matrix converters[J]. Journal of Northeast
Electric Power University, 2019, 39(3): 59-66.

[20] NGUYEN H N, LEE H H. A new SVM method to reduce

[21]

[22]

[23]

common-mode voltage in direct matrix converter[C] //
2014 International Power Electronics Conference
(IPEC-Hiroshima 2014 ECCE-ASIA), May 18-21, 2014,
Hiroshima, Japan.

LR, TRAHE, ZEE e, S R H TR AR AR
AL ARLNE B T RIS [J]. i) RS RI S92,
2018, 46(10): 48-54.

MA Xinghe, ZHANG Shaohui, LI Zigiang, et al. A
simplified nonlinear active disturbance rejection control
strategy for matrix converter[J]. Power System Protection
and Control, 2018, 46(10): 48-54.

SONG W Z, LI X, ZHONG Y R, et al. An improved
modulation strategy to reduce common-mode voltage for
two-stage matrix converter[C] // IECON 2014-40th
Annual Conference of the IEEE Industrial Eleotronics
Society, October 29-Novemberl, 2014, Dallas, TX, USA.
B, [EE. ARSI Z IR S
TH AR, 2015, 30(23): 1-9.

XIA Changliang, YAN Yan. Matrix converter-permanent
magnet synchronous motor system[J]. Transactions of
China Electrotechnical Society, 2015, 30(23): 1-9.

[24]

[25]

[26]

[27]

(28]

[29]

EE M Y, WHEELER P, KLUMPNER C. Space-vector
modulated multilevel matrix converter[J]. IEEE Transactions
on Industrial Electronics, 2010, 57(10): 3385-3394.

SEMlg, TRKOR, FhIR, S R/ AR PR AR i AR AR
R B et 2 1) O R ) SR [0 P F AL AR 23R,
2014, 34(24): 4015-4021.

SU Mei, ZHANG Guanguan, SUN Yao, et al. Improved
space vector modulation strategy for reducing common
mode voltage of indirect matrix converter[J]. Proceedings
of the CSEE, 2014, 34(24): 4015-4021.

LEE M Y, WHEELER P, KLUMPNER C. A new
modulation method for the three-level-output-stage matrix
converter[C] // 2007 Power Conversion Conference-
Nagoya, April 2-5, 2007, Nagoya, Japan.

RIE, 24, ZPHon, 55, FEFEAD e ds o R
JEAMEITTET BT[], R0 B4R, 2015, 27(2):
255-261.

SONG Weizhang, LI Xi, LI Minyuan, et al. Improved
strategy to reduce common-mode voltage for matrix
converter[J]. Journal of System Simulation, 2015, 27(2):
255-261.

SHI Zhanghai, CHENG K W E. Simulation research of
the matrix converter based on direct torque control[C] //
2006 2nd International Conference on Power Electronics
Systems and Applications, November 12-14, 2006, Hong
Kong, China: 199-204.

WRoZ R, Wakave, MR, 5. PISSRRBEH T 0 7K
FLIR XKLL R AH AR ISR 20 A [3]. W IR
SRR, 2018, 33(4): 13-21.

CHEN Aikang, YU Songtao, XIE Da, et al. Analysis of
the influence of two types of vector control methods on
the interaction of permanent magnet direct-drive wind
turbine generator network[J]. Journal of Electric Power
Science and Technology, 2018, 33(4): 13-21

i HER: 2019-11-20;

1&E HHA: 2020-02-12

EEEN:

LEFW979—), F, i, sz, HRFT@AHE

Moz ) B AR E #4555 E-maill: maxinghe@hpu. edu. cn

£ £01998—), F, MEARA, ARFT@ AR w

F LA 443, E-mail: 997569412@qg.com

(R4 Biedr)



