%39 % 5 12 8
2020 4F 12 H

HLOTOHBE BT B R
Advanced Technology of Electrical Engineering and Energy

Vol.39, No.12
Dec. 2020

BT Bk B0 3B 18 1Y 18] 332 %6 B 22 45 5 I ) A3 1 3R D 361 77 0
W, FHE, P

(LT TEAFRAEBZAMRAF PO, by T k¥, LT 100144)

FE, ABRIEEAE RS04 T 5B WM b e R 2, ARSI E T —Fhap & N b k% ok 69
REFIITE A 77 KR TR R & FRRGLAH R T il 5] AN Bk o0 77 ok, aF A o 3734
W FATRCF ARG A A MAPLE2017 2 34K F MM R Bk 485 RXKBRE > H %
i VB I AULEE | SF A R IR A 3 % ok %95 & & (Total Harmonic Distortion, THD) 3% /) 89 Bk 58 oA
Ko B EA TR KN AR B 6GIRITE 5A 7r X T F I H48 K He 55 o d N B o 0 B 7% W)
HRRHAELT 1, RELG AR H 7 X, EREH HRE T RN 2R THD ¥4 TF B, £k
4B FE 20 Hz 8, THD A% 9.5%, WL, SR FRA EH REWNELZTRES>H
TR R A ) 8] AR 4R M I e 55 AN o R Ok 4R Bk

KEEW: RMBEETRE, BREE,; P ES,; RES>H

DOI: 10. 12067/ATEEE2007029

1 5|§

VTAER , BiE HL ) R GEAT ML Y & e X 45 Hi T H
TR IR B R A R g T P e 7
(Indirect Matrix Converter, IMC ) 1E A 1 5, 77 B,
A A EAT B D38 R R X U Bl A7 H %
(L AR e 3 N AR b U NS W S i NI S VAR R
J1123 HBE R TS B AR A A T A T R
RIS TR (H H 25 ™07 0 I X 2R 38 Y5 2
HC R H, 3 18 P AT o R AR R R 5 s, T
IMC AT PRGN, B 5 AR MAH RS S fa  -5 %
NANAHEL S S350 0 P, 3 0 25 1 2, PELAS
SCELH M T RE, B I 29 IMC B R T 0 RN kR i
o

CL A SCHR 20 8 T H v 2 0 25 2 T SRS 1)
BIFFE 0 Xt H, g H A 5 00 L A 3 I8 43 AT
FMG AR fe e DL, X LR I In) B K 22 Rk HH
SRR GG PREUEU IR 2 B HE S S A
FL A S U 2 B S L R i et P i R TR
TRRUR R PR U T AT AT T RO 2 80 90 i 3
TR . AH IMC #iFbasH 52 A%, o >R F 25 ) % 6 ik

s EHER: 2020-07-21

X EHS 1003-3076(2020) 12-0019-09

HESES: TM46

Fe VAl ( Space Vector Pulse Width Modulation, SVP-
WM, SVM ) M JEAT 8 G 4 i, 88 37 5 300 742 ) AH B
G IR A 278 o % H et 0 F O3 I8 o3
HAFIE LA RIS R P00 H, 8 8 3k 2317 5
PRI TR . SCHR[ 9 T4 IMC 54T T B s Al 4
S, HUBEAE M 43 00 H 3 3 I8 o PR 3R 5 SOk
CTO T4 HY 77— frsmn il 0] Fi, 3 308 il ) 42 o) SR, (HL
MRIH R RER AT ST MRS AE 1™ A A T F L
Lo A SCHR[ 11 ] 51 DK R O 5 i, X 2
TRLSVM Y il SR Mg Xof 5 Ok S Jok i V- 449 70 A 1)
AHIE AT T B A, I T A F i
oA A SR H O R R 20 A 7 kAT 0 b
B —E Ry B [R] s A 8 S 400 1 F 3 3 D5
A7 ST A A

ARSCHE T XL SVM 8 i 5w, 51 i 820 J7
TRV R A L A3 it ST A R T A U A
A IR R AR K T8 534 I 2, ST e
I THD 5T iR 5F R A 8B Rl &
THEER 5 AN [ AT T 000 P, 3 DB e /N R
JikwE , KAt PWM ikt A1) 5 3400 ] 190 0] P 3 3 dp
HH Y,

E&TH: ERARPFEEIE (51477003) | b5 AARFFEE 4T H (3192012)
EEBNY: M #%(1981-), L, WdbEE, #d=, i, Ry T 5 %,
R (1996-) , 2o, WIREEE, BU-H0FoEk, WF9E 0 1n e i T 5 & sh,



20 BT HLfiE BT AR

%530 % 12

2 [E)HEAE T IR AR ) SR

IMC RN UNE 1 Frs, B LC I 48 0
F B TS P IR 300 72 B DU A3 G, v Ry T A
il LC IR, U8 % 4% 10 kORI B FL B, 3%
i HLEE B S F 2 (08,,,8,,8,,50.8., 8. ) 41,

FEAS B IR o A A BRI A B9 IGBT
M (Bl S, 4% S,,S,,, ), Ht B g
X3 B 5 30745 L B bR = SR (S, S8 ) ST
LR, A A TR G R (o S, A4
SySan ) BT — A ROIF IR A Y 1G-
BT %4z,

J J
Sapp Spp Seop
R,
Jl J
U, i u Sapm Shpn Sepn

l’+ lge
G
SZ Sap Sip Scp A ’

B
IM
C
San St Sca
J} J} J
N

H_I

N L™ > .
) N ! b
M :
|
L, l 5. S, S
C = = ] 1
Sam St Sean
J ]
LCIE: 2% B

Hihr F

pu ke

P R R AR e s g b
Fig.1 Topology of IMC

IMC & FHF 3R 8l 525 L, 5 (8 FH 10 98 1)
A BUAS ] 5% 15 K S8 IR ( SVML) |, BV i P B R
75 H 0 SR FH R SVPWM. FTHL JE SVPWM P |
e 2 fros, K1, JF R3S (100 001) $4 BE
S Sun St SinSep Sew B HES , 1 /RIS F08 ,0 K
IRFEIETEMWT; U, FFIRAS (100) #5218 S, S, S, B
HEF 1 Rz iy 1A 5, 0 R iz N S

i,

1,(001 001)

U,(110)

1,000 110) U,(001)

B2 XLSVM %5 il i
Fig.2 Space vector by using double SVM method

PR A LI A 390 P A R FH = B R LBE
K& o3 A, 5345 D7 SN IEL 3 (a) Bz, Hor & g v %
HLE R 0, HEEAE T R p v ) 008
Mg FEHEAT 2 DT R E a3 DR
Kt APEFRIERE ) B, a, B, HFTEFHE
FAEHIE] , IMC SR FH XA A4 K 58 HE AR 77 UL 1 48
T AR HLAR G T A AT FEE A K TE = LA

.

d, = m,.sin(mw/3 -6.,)
dV = mrel'Sin( 6]"6(’ )

dy, =m,sin(w/3-0,)

dg, =m, sin(m/3 -0,,)
d 2 = mre('sin(ere‘o) - mim Sln( 1T/3 - 0{m‘>

«.

s m,, sin(w/3 -6,,)
° minv Sin( 0im )

dﬂZ = mrecSin( 0re(‘,) : minvSin< Binv)
dg =dg +dy +dyy +dy, +dy,,

=1 —dy ~dy ~dy ~dp

.

(1)

K ,m, =1,m,, =20 /(B3U,),U: U, 55

Syt LR 2 2 O RN R R R R IR AE; 6,

0, 530 Mk A FL IS 7% K i bt DX AR R S F

ARITIENE R B 15340 I T R G E 1 =X

T H BB R AR 4 DR BT FRIMG . B

S (14 0 AT 3 ) 380 DO A0 L O T DR i RN

H ik PWM 9357 558 T4 38 ek B0 77 U6 vk
AT R % 3 A RS ) sE VR

3 MR R AE AR R T iR A

3.1 BkWELDFE
ARSCH AR E Sz R ERL 3 4% U



B %,

A . T o T B 4 ] R 8 U L D A D 7). R TR RERAR | 2020,30(12) 119-27. 21

T >

b3 u 0. v

A

Uiy 0, e, B, 0, 0. 0| B 2 a, 0,
Y d =xdﬂ( 1-d ~d /,) v
(a) HEL HEL B R0 190 2 rbL B KT BK B8 20 A1 75 =X

i e T,
"

b ((1 )T e, |

kT, <+ (d )T,

(k+1)71
(b) BN S5 P BN 2 FR SR B IO )k i

r.|
- >

i el
ta 17s

KT, (d,+d,)T, kDT,

() BE_RIX, MflatH AT
3 W SVM Ktk sAiilA]
Fig.3 Vector distribution by using double SVM method

W B AR, BT X SVM A i SR e T

IMC 7E V8 il i B oo & = A L ik o, IR G e S
JRSANAT Bk oy (¢) G 4 s
(0 t 2 i 1 20 :
| (k)
KT, = kT, LT, !

P4 RS o
Fig.4 Single period pulse

T%)‘(Jﬁkﬂﬂ‘@*ﬂﬁﬂﬁﬁ CoF ET, I REES ik e
FL ol i A A 2 R

(k+1)7,
[ =k
(k) _ kT 2
(h+D)T, (2)
f y, (1) dt
KT,

y O SRS b AR T A, S
LA B 055 8 PR, P ik 505
LEEESIE o

1 (DT,
Y@ = = a ()

SCHRL 11 2 S A M T T

P55 i W O 22 ] Y SR

v =y(n - DLy

2,y (o) g koo B Sl 391~ 28 0 R B85 2 (o) R Jok o
Lo IR IS L BRI 5 0 () by B Jo) 30 IOk o ey, ()
P 52 4 SRR eR B, 0 0] F, G A A D S A o

z(1) ‘, W=

S UL a AHEL R A ], Tk bR JE 45 S Y8 {6 pR KR
y(t)T R IHEEE i (o) Wi, () AT IR (5) 3F
.

i, (1) =i, () =d(z(r) i, (¢))/dt  (5)

553 SVM 2% 2% 1 Jik 5 ?ﬂ%ﬁﬁﬁ@@3
Jiw B3 DL i A Ak 55 — p X, F RS
(100 001) (001 001 ) ZH i, 5 306 AR b F 265 — B3 X,
FFFRARZS T (100) | (110) L1, LARIAN 3 £, R 151
OINT. SR YA R i AR R R a AHAE
7, BIFE RS EIA N @ BB 3 (c) iR, FEARIR
F14) Bt DX DA () B8R o] A5 XA Eb 3 P ik o g I . Tl 3 Hp
i KSR S W d, d, PE , dyy o dyy gy dy, T
BI5y e i, 26 B E A N w0 Bk b5 5 il 2t 5 1A K
PELO T IR R IR B K TE o A AR Ak, BD R i
P71 25 Eb A R[] 2% e 2 oo ) e, 37 ok e %) ik o 0
O, 5 M A FEL O B 08 5 dk fR e T DR ik o
SR 1240: 2t el U N5 Ak a7 N [ 2 F Y 2
X6 D00 b, S 18 30 5 A
3.2 BERERESHANX

A SVM Z % itk 5 ~F- 34 43 A1 o7 KA —
TE W JRIBRE  BRI AR SRt — i 1) 2 K o IOk 5 43
A7, BV s 23S e d, d,,z,.ﬁltt dyy dy T
e, T O FL AT TR I B S R B K Y 4 AR
S A FHALEE ] Asf s HBCA> 18 U8 o /N 1) ok 9 4 \%ﬁﬁ

Ao BE G2 R« WS Pros, (45 5=
d01 \dozjlo
< T >
B u 0. v
s 0, a | B 0, 0. 0, B, a, 0,
v d,=xd (1-d,~d,) v
CIRENUEEES
Fig.5 Duty ratio coefficient
FER G IR
dyy = xd, (1 = d, = dy)
dp = (1 —x)d, (1 —d, —dp)
d(1-d, -d
dg3 = o . d ) (6)
‘ 2
d,(1-d, -dy)
04 = 2

X ,xv e (0,1) EMANERE d, d),TEp XNATE
iﬂl{ﬁ I3 HT AR R AR DK T 7 T X T 000 P R IR R
AT AT R AT RO a AH a5 AR UR 0, B DKo R



22 ML T BE BT B R 5539 5 512

W, d
i.(t)=a, + Y, [a,sin(nwt) +b,cos(nwt) ]
eldﬂ' + ezd" n=1
—* =T N, =1,4
d, +d, (9)
{0= 7 No=2s D R e, W AR, T
e,T. N =36 AHLEA AT REL, ARG A
AN, ABIXS B e, fle,: a, = %f:ﬁ Li,(t)sin(not) 1 dt n=2k=-1k=1,2,3
d(d, +d,) « = W= k= 123 s
e, =ad, (1 —d, - dy) + -+ E° 5 g " =2 2,k = 1,23,
(8) '
d, (10)

e, =1- ) A (10) FIAFHT, P00 A FRL 30 38 8 35 1 A

AL A S R o ARBRARIE i, (¢)  AFEKIgE. Fa(5) (7). R (8) AKX (10)
IR LECENQ I

J'T/Z * (1) sin )4d J’T/ﬁ{ ed, + ezdvT in( )} d
- t t L+ —Ti h t+
sin( nw, 4, +d, 1. (1) |sin(no,

7J:{7[6TL (0] bm(nwo}dt*'fjm{ [e,T.i. ()] s1n(nwit)}d; (11)
SrpZERL SVM i (o) AR TEBX BRI, BITT 4 i (1)

i.(t) =Isin(wt) (12)
X, 1 A ARG, 6 (1) (3R(8) (R (11) (S (12) ATAR 90 FL 4% Ui I ik o

—Jm L sin(o,0)sin(nw,0) ] di + 7JT/6{ [jstin(: - wit)N} sin(nwit)= de +
fT/G{[Sm( . t)Ni' sm(nw t)} di + IT/G{[;SiH(wit)Ni' sin(na)it)} dt +

J:::[(XN) sin(nw, t)} de + *j [z(YN) sin(na)it)} dt + ;j:::[jt(ZN) sin(nwit):l dt (13)

176

A

sin(1 -wt) {msin(;r -—wt) + msin(wot)}

X=xsin(%—wit) {1 —msin(%—wot) —msin(wot)} Y = 5

sin(w;t) ™
Z=|1- Yy M = sin(? -w;t) +sin(w;t) ,N=T]Isin(w;:)
H o, okt A R B AR,

ﬁﬁﬁmﬂmﬂﬁﬁm SR NER BT, E BRI H THD B IR T 20 DL S
@ﬂj{ﬂu MR B R AR T 20 kDL By & *E%E‘T( 13) Ml THD & X 7] #E45 THD Fik =
TS ARG S T PR E Bk E L R (14),



Mg A, A AR A, L Ik T BV 104 (V) 2 0 0 T 000 P RS B A 32 [0 ] L TR BB AR, 2020,39(12) :19-27. 23

T)o
4 T/G:

20 T/

M
THD={E

t

0

4 (7 d _ 4
TJ‘T/()l:dt(YN)Sln(na)it):|dt+Tf

AR (14) A6 2 AR & DL THD
SN VE TR 28 B0 A MAPLE2017 B2 5, 43
BRI THD SR £, 5 0% R K« 9% Bt
AR FIALEE QP 6(a) FER . UL AT L0
WsSEAE R T 0L, THD 5% 5 5 Wk 9 5046 22 1 )
SUMATEFIALER . P 6( ) BI R 7E 4 Hi 5% 20 He B,
THD 5744 57 H R 50 x (1AL

(a) AR SR T

X

(b) 20 Hz % SR T
6 MMl THD 52 5 5 ik 5 43 A =22 1] ) 5 &

Fig.6  Diagram of relationship between the grid current

THDs and zero vector pulse width distribution

M 6 AT LU Y 7k A iR — g i,
LS I S R S T R B 20T H ) 94D
WLIEFR  RIEAT B R N AP AE— A F R
25 LG ZR B o o7 OO Pl B S 2 e N, T H 3
SIS /N R R A R R, AR 1

1PN TR S/ NI I TR A o
25 LR B o (B, BIAT 45 X0 SVM. v bk s HE A J7 =0,
LA Tl LR R BOAE A D0 e nT AR DAL 20 g
FTVTEf /N R IR D 5 O I ) o 28 L R, R

4 (12 4 (76 ( d
{J [I;sin(w;t)sin(nw;t) ] di + 7f {dt{sin
0

o4 (o (dT Z 4 (30 d
07 :&{MSin(wit)NJ sin(na)it)} de + ?f [dt(XN) sin(nwit)} de +

X
I (Z—a)it)N:' sin(nwit)}dt +

j[ymmg—www}momm}w+

(14)

176

172

5 [jt(ZN) sin(nw;t) } dt} }

Pt/ NI O S LR BRI 4R /il
W T I Ak K T8 7315, i 28 35 B 400 1) 19 000 P, O A 3 D
TEHAH,

®1 ARARXNBRNMNERSZILRBRRE

Tab.1 Minimum harmonic duty ratio coefficient

and its content in different ways

A %/J\ A HEi/J\
E}g PRNTIT ;;}L;f T T e
Y e am | Y Rme sl
(%) (%)
5 0.32 3.19 30 0. 288 3.2
10 0.3 3.21 35 0.284 3.19
15 0.3 3.2 40 0. 302 3.21
20 0.3 3.19 45 0.311 3.19
25 0.297 3.21 50 0.324 3.2

4 (HELSW

FIFH MATLAB/Simulink #5255 _F 3 9 F ik 7
O34 AT BRI, Horp LC g AR T S R
EHLEE N 220 wH, BLAE 4.7 wF ; HL Y5 AL IR A
400 V i 50 Hz; RAEAFEN 20 kHz, 7714000 =41
S HL, RS HAUNER 2 PR,

x2 BRLBENSH

Tab.2 Parameters of induction motor

BE DR/ W 2200 EFHB/H 0.249 8
JEFHLFH/Q 2.54 R/ H 0.249 8
HFH/Q 1. 67 KL /H 0.236 6

DU A3 20 Hz R4, R & R 5 K 5 F
Y5545 05 2, A5 2 W) a FH HL S A A R R AN
K 7(a) s, Hor R0 a AHHSVE THD K 3.57% ;%
FHAS SCHR 08 Je /NS U 5 % 1t VK 5 43 A 5 =X, 15 %)
PR a AHEL G A S A AHE R ANIE 7 (b) B, Hi
RN a AHE A THD 4 3. 4% , [AIFEIE LR, A HGR
FHV-34 53415 75 X THD F&A% 4. 8% .,

A3 IR U 20 Hz 30 Hz 40 Hz %%



24 T RE BT B R 5539 % 121
4 1 1 1 1 1 8 F7
e M\ MAIEL 8 HAT AT MR AR Rl R T, R
= | \ / | 25 RO IR A L R A,
j J J ooV v Y i B N 20 Hz 30 Hz 40 Hz B, 46 525 1
10 ZE03 2 0.3 .0. 288 0. 301 I A, 7 18 I 75 o A
5 N IR S0 B R AW A, T LC UE MRS AEAE
< 0 A 07 EL AW FREIR A,
IZ 5 SKIESH
T S S SR b AR B 1 TF 6, 75 2 e
, @ TR BSCHREBLING O BER, o LC IR S A
A A A A A PLBEER S 07 2P E SO, B TR N
< of \ [\ 20 kHaz s §i AR HL U SO Has JEXTH H %
NN y /o J : 5 220 Hz (HFEIR{E 130 V) .30 Hz (HLJE i 200
. V) B ER IR,
10 LAS HUTE 20 Hz ], B 10 SR 1 26 42 Bk 5
SZ SR 43 A R i R T 0 e R 5 X 0 el S
< T EE, AP 10 ] LU e i R B, FbL
N | TE A TR 5 P00 2 0 i 07 5 190 0 b P TRV AR o7, S BAor
06 0@ oe 06 o 07 B UBCEE T 1, %3 U B 34647 FFT (Fast Fourier
(b) BN R SRR T A 77 R Transform ) 4387 Al 15 HAK U & 0 4. 83% .,

7 At ARR A 20 He, W7 30T R0 a AR A
iy A AHRBOE
Fig.7 In the output frequency of 20 Hz, grid current of a-phase

and output current of A-phase with two methods

T 2 T AR RO AT R 0 B O X AR R AT
FET 73 M5 15 280 & i B (8- 5 07 BAE X T an &l

/=20 Hz

THD(%)
BNW L www
LR

01020304 0506070809 1

y

0102 0304 0506070809 1
X

THD(%)
DWW~
O — W ~] \O —

f=40 Hz

hﬂ_+a/’”//////

0.1 020304 0506 07 0809 1
X
T itsE

THD(%)
NWLLwWwhs~
O — LW ~] \O —

K8 A LI &

11 R FH e /NI I 2 Ok 2 ik 9 20 A1 7 =X i
HFEL 5 DR A0 R ST, AL 11 R AT U i
TBIE R, ALIE B A 5 R0 A, 3 1E 5 B8 R 4F
PO A L, S R DO A0 Fl, s TR 67, SIS 3D 38 R 1, %
WO JEZEAT FET 2387 AT 15 FLE 0 & 52 4. 41%

A3 R AT RN 20 Hz 30 Hz £ F KA 52

L R B 2 R S5, I X AL E T FET 4081 )e
4.0r
390
=38t
37
3.6}
SERI
34t
3307020304 0506070800 1
45 .
<43t
%4,|-
3.9t
Shl
3>5> 1 1 L L 1 1 L L 1 1
33770102 03 04 05 06 07 08 09 1
X
520
49t
;\;46-\\_/
43
S4o0f
37t
0.1 02 03 0.4 0506 0.7 0.8 09 1
+ s *

FRIS(E 505 B X H

Fig.8 Comparison between theoretical and simulation values of input current harmonic content



Mg A, A AR A, L Ik T BV 104 (V) 2 0 0 T 000 P RS B A 32 [0 ] L TR BB AR, 2020,39(12) :19-27. 25

9 [ PR AR 4G s S SRR AL
Fig.9 Experimental prototype of IMC

f,=20Hz

u_ (200 V/K%)

Y e

(20 ms/#)

B0 F ARk G240 A T A R A
P A AHHLIE B A AR IR
Fig.10  Grid voltage and current of A-phase output current of
A-phase under zero vector pulse width average distribution

FHEE R IS (5 SR fEXT FE N 12 P,
MIEL 12 ] DU 5256 {E A e (2 P 45
e REMD A, r TR I [ B S O, IR e

£,~20 Hz
3.9

;\3 3.7

=35

T 33

T3
29

0.1 02 03 0405 0607 0809 1
X

£=30 Hz

THD(%)
[SS S RISIRIS RIS ISR SN
O = W in 9o —

&
)
IS
<

‘ f.20Hz ‘

u (200 V/H%)

i, (10 A/#%) /

(20 ms/#%)

P11 g/ NI O A Dk 98 53 A1 T
a AHFL T OO a AFFELIA a1 A RH FL I
Fig.11  Grid voltage and current of A-phase output current

of A-phase under minimum harmonic zero vector

pulse width distribution

TR S S S (A 2R, Hi ARy
20 Hz, 24K s ik 9 134501 i X0 oL 300 30 00t 5 >
4. 83% ; Fie /NS T 0% 4 Ik G 43 A 5 =X P A0 Rl
WS RN 4. 41% , M S & =080/ 9. 5%, Hi
HARFA 30 Haz, & 2% 8k 58 -2 40 A Bk o 4 el 3
N 6. 14% ; /NI E K 12 ik 58 40 A1 =X
FI 000 b, S 3 U8 A 5. 88% , A HL IS I8 2 R k)
4. 2% , W A H A B I TR B AR SCHEA Y
D5 A TE T2 525 1 dy, ody,, B A5 dy,  dy, P
SN R o i T =
6 it

AL AR T X SVM IR il 3w
ST T — 7 A AR I b S A vk A
PR TR A 3 IR E A B RNl
W TR AR K TE AT OLE, K EE PWM K SE , M i 7 il

THD(%)
BEEEENLLL
— 150 (N~ \D = LD ]

01 0203 0405 0607 0809 1
X

SO
in o

THD(%)

W NN
n o =W

01 0203 0405 0607 0809 1
X

1 EigE
AR IR I i B [ S SC I E X He

K 12

01 0203 04050607 0809 1
t SRIOfE

Fig.12  Comparison between theoretical and experimental values of input current harmonic content



26 BT HLfiE BT AR

%530 % 12

DR A ERL SR TS 38, I E BRI 4 BT Y Atk b i
Ky fs 55 SL g T ek, 45 3R R0

(1) PP 2O 1 bk 5 43 A1 77 X3 ] S8 R A1
B RRE . ER EE A B E T AR T A Y
M A L IR B i OC TR AR o A L R AR g
WAL . 5 L SE g S S R (A B
[F] , 2= B B 43 B A AE A 1

(2) 38t TR AT AR dR /NS I R O £ DK T 43 A or
B e AR 20 Hz B fc /NS I 2 2% 1k 5 43
A13 PN R, 7 T O 1% B A3 B AR T 9. 5% ; Hi A %
9 30 Hz BHEAR T 4. 29% , PRt 0 i 3 i 45 5] 1
T, H 8 R4, M b e 5155 0k
FEA—F, R T A s aT AT AR, $2

IMC RGe1ERE,

=
S EZHR (References) :

[1] B4, BuwEE, &I, % (Wu Jie, Zhao Lixia,
Zhao Fanfan, et al.). —FFeitsE =AM R A8 283
I 2R 55 FL BB 0 & 18T 775 (A new method to improve
power quality of inverter grid system under three-phase
unbalance) [J]. HTHAEH AR (Advanced Technol-
ogy of Electrical Engineering and Energy ), 2016, 35
(11). 8-13.

[ 2] 2R, 7ML, ¥ 75 (Li Gang, Sun Kai, Huang Li-
pei) . XUZHE [ A2 46 25 A R TR AN 1 A 4 ) R
( Control strategy of two-stage matrix converter under un-

[J]. T AR (Ad-
vanced Technology of Electrical Engineering and Ener-
gy), 2009, 28 (4): 6-9.

[ 3] Z=#E, BHEFE, PR (Li Hui, Yang Chunhua, Deng
Wenlang) . [ 728 48 15 5 Uit il s 2 496 42 ) 5K W F 5
(Investigation of control strategy for matrix-converter-ex-
cited system) [J]. B THAEHH AR (Advanced Tech-
nology of Electrical Engineering and Energy), 2011, 30
(4): 56-59, 69.

[ 4] #hWy, #h%E, BT, % (Sun Pan, Sun Jun, Wu
Xusheng, et al.). [AHEHFFAS g7 PE 1L SVPWM A2 5
itk By ] 22 #2 # ( Optimized space vector pulse width
modulation and simplified synchronization control of indi-

[J]. BT AR (Transac-

tions of China Electrotechnical Society ), 2019, 34

(10) . 2187-2193.

balanced input voltages )

rect matrix converter)

[ 5] Bordons C, Montero C. Basic principles of MPC for power
converters: bridging the gap between theory and practice

[J]. TIEEE Industrial Electronics Magazine, 2015, 9

(3). 31-43.

[ 6] BFEE, 35573, FMEA, % (Chen Guocheng, Cai
Liging, Zhou Qinli, et al.). & THEK 2P A /D IF K
UECJE % 09 PWM 53 AT ( Mathematical analysis
on least switching PWM based on sawtooth carrier wave)
[J]. BT HAEH AR (Advanced Technology of Elec-
trical Engineering and Energy) , 2015, 34 (11). 1-10.

[ 7] RMERE, K5, 3 M5 (Zhu Xinwei, Zhu Xiaoying,
Dai Peng). A3 7Y — PR VS IR TH B R 1 7 1%
5% (Research on selected harmonic elimination PWM
technique applicable to active NPC three-level inverter)
[J]. ETHEEHHEA (Advanced Technology of Electri-
cal Engineering and Energy) , 2017, 36 (7). 20-27.

[ 8] Ratk, skatfe, A, % (Zhu Jianlin, Zhang
Jianhua, Guo Yougui, et al.). 3z 1l % F4 75 #e 2% f4) H
JEAG T A i o A (' Voltage transfer characteristic
and harmpnic analysis of matrix converter under over mod-
ulation) [J]. PEBHL TFEZW (Proceeding of the
CSEE) , 2007, 27 (10). 110-113.

[ 9] B/he&, BBaibd, FPEIE ( Yang Xiaolu, Guo Qianga-
ng) . AUES [H) 5 H 18 il T AR B A i 4 1) 1 O 40 BT
(Harmonic analysis of two-stage matrix converter based on
double SVM method) [J]. ML SN ( Microcom-
puter & Its Applications) , 2016, 35 (9) . 74-77.

[10] HEziE, FrngiL, skes, % (Xia Yihui, Qiao Ming-
zhong, Zhang Xiaofeng, et al.). JH 425 443 [A] #5525 (]
i 8 ) SR W 43 A 5 WF9E ( The analysis and re-
search of indirect space vector over-modulation strategy for
matrix converter) [J]. HL T 4% R4k (Transactions of
China Electrotechnical Society) , 2015, 30 (21) : 24-30.

(117 H4, BEmTE, EINN (Yang Mei, Chen Lisha, Wang
Shanshan) . 25 FEAS [F] 8 il 55 e 1) (5] 12 66 B AR 460 2 A
HL IR I AR PE /AT (Analysis on the input current of in-
direct matrix converterunder different modulation strate-
gies) [J]. L TH AR (Transactions of China Elec-
trotechnical Society) , 2018, 33 (12): 2850-2860.

[12] #BE, Ak, &%, % (Qin Xianhui, Zhou Bo,
Huang Haitao, et al.). ANXFFRIR T B B AR 4 2
i3 447 (Harmonic analysis of two-stage matrix con-
verter using asymmetric modulation) [J]. HL THAR2EHR
(Transactions of China Electrotechnical Society), 2016,
31 (2); 102-111.

[13] #METF, ZEBEFE (Sun Diansheng, Li Dianxiang). JE
FRUAS 5] ek i o) B4 R R e AR A PR (Opti-
mal control of matrix converters based on double space
vector modulation) [J]. S H 314k (Electrical Auto-
mation) , 2015, 37 (4): 13-15, 60.



W A7, N, AR A T Aot B A TR 00 A g I 0 e DR vk [T ] A T REBT AR, 2020,39(12) :19-27. 27

Harmonic suppression method based on the pulse barycenter theory for the
grid current of indirect matrix converter

MEI Yang, LI Meng-di, NIU Shi-heng
( Collaborative Innovation Center of Key Power Energy-Saving Technologies in Beijing,

North China University of Technology University, Beijing 100144, China)

Abstract; In order to restraint the harmonics and improve the grid power quality of the IMC, this paper proposes a
zero vector pulse width distribution method to suppress the grid current harmonics. In the method, the mathematical
model of the grid current harmonics is built based on the space vector pulse width modulation strategy by introdu-
cing the pulse barycenter theory. The interaction mechanism between the grid current harmonics and the zero vector
pulse width distribution is studied by using the MAPLE2017, and the pulse width distribution method which mini-
mizes the total harmonic distortion is obtained. Simulation and experimental results show that good sinusoidal input/
output currents and unity input power factor are achieved by using the proposed pulse width distribution method.
Compared with the conventional symmetrical distribution method, the grid current THDs are decreased under differ-
ent output frequencies, especially the THD is reduced by 4. 2% with the output frequency of 30Hz, which demon-
strate that the established mathematical model is correct, and the grid current harmonics of the indirect matrix con-
verter can be suppressed effectively by using the proposed method.

Key words: indirect matrix converter (IMC) ; current harmonic; pulse barycenter; pulse sequence



