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Abstract

Multilevel converters have been widely used in high-voltage and high-power
application fields. Among many of its modulation strategies, Space Vector
Modulation (SVM) has been one of the most popular research points. The main
advantages of the strategy are the following: it provides larger under modulation
range and offers significant flexibility to optimize switching waveforms; it is well
suited for implementation on a digital computer; it has higher DC voltage utilization
ratio.

The principle of three level voltage space vector PWM is deeply studied. The

main point in this article is how to use space vector PWM technique in three level
inverter. At mean time, the reason of unbalancing in neutral-point potential
fluctuation is investigated.
This paper have researched the topology of three level inverter, and discussed the
principle of the three level inverter. This article discuss svpwm strategy used in two
level inverter .For using SVPWM in three level inverter ,this paper propose two way
of judging the place of reference vector ,and then introduce the way of computing the
time of modulation. this paper introduces approach that can reduce switching loss .At
the same time , The article proposes a novel SVPWM strategy for the three-level
neutral-point-clamped voltage source inverter, based on the particular disposition of
all the redundant voltage vectors. The new modulation approach shows superior
performance for the harmonic voltage and the control of neutral-point potential. The
main factor which influences neutral point voltage balance of three level inverter is
deeply studied. Hence some way of balancing the neutral-point voltage are proposed.

At last we simulate the SVPWM modulating means of three-level inverters by

MATLAB, and prove the correction of modulating mean.

Keywords: Multilevel Inverter Diode-Clamped; Three-Level Inverter; Space Vector

Modulation; Neutral-point voltage balancing
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FH & AE TF OG5 5 30 I 12 At 0 3 168 By 1 P 2

FEE2 TR I = P AR 3 E s kg b orp, PR 4 K 2 IE 1) PR
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SHOP AR R 27 A PR A T, SR E DU IR 19 S A R . B = AR LT
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My,
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W
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Jig e Ok e
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s % Yy, oAzt (2.11) 41

——=
2
2r A

u, :%(l—e” —6‘727):%(1—613 —e‘/T)

=&[(l—cos%—cos%r)—j(sin%“rsin%z)] (2.12)

:Ud

FEE, M (S,.S,.8.0 = (1, 1, 00 W, Cuupu.) = <%,%,—%>, oy

U . 4 U LA s
uy ==t (l+e” —e’zy):Td(l+e]3 —e' )

U, 2 4 . 2 . 4w
=—27(1+ cos=——cos—) + j(sin— —sin — (2.13)
5 [( 3 3 )+ J( 3 3 )]

/a2

~ S ) =Ue "
WL R, P8 IEAS R, WK2.3, HPe MR TAERE u~u, I
HRHERW S, , EFWEZEL/3, 532NN FERFE u Mu,, E2.72E8MEEARH
s 70 o) R 5 1
2.3 SNEAZTHBREXREU,/2

Sy Sp Sec u, Ug Uc U
u U U U
"0 0 0 R e A
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u U U U
Lo 0 0 -4 4 24y,
2 2 2
u2 Ud Ud Ud jﬁ
1 1 0 5 ; 5 Ueh
u3 Ud Ud Ud jzi
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4 0 1 1 _& ﬂ ﬂ Udef”
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2.3.3 IENIOFZT 8 hEsE ;1A
A 64 R AR R B A% uy & ug BT 53 5046 AL R), 34

T

At =— (2.14)
3w,

kA B, A TR R BAR ) /3R, 6/ T AR % B i — A, 4
IR @ = T R AT, (0 RIS, IR (2.7) A,
PR S L

(k-D)z

Ay (k) =u (k)At=U ,At-e’ k=1,2,3,4,5,6 (2.15)

7 1y 5 L s R A ] RS T ELUR AU I U, 55 A RIS TR) A (K3 AR, 5
B K R I B B L
w, (k)= (k=) +Ay (k)= (k-1)+u, (k)At (2.16)
2.8 7R T T HEBE R B B Ay () 5 I R R e () I ) 39 A 10 9%

w(k—1) w (k)

o

Aw (k) = u_(k)At

El2.8 ETFTHEREEEAy (HEBREXREu (b)MEHEEE AFHXR
£, 6 LA REMPAEH — K, e Aw (k) H R, &
T LR R T AN B ENDIE, WE2.957R
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Ay (4) = u,At

Al/’s (1) = ulAt

E2.9 IE7NIBHEFHLSEHIT
HH IE /N T B PR sl 50,

U,n

v ) A, () = (k)| A = U At = (2.17)

2

A (2.17) R, ENLEEFHENRKDEERMEERU, BIEM, m5H
WA Y L o FEAR DL TN, N DR RF IE ST 8 EEE B B KA1 E S H o,
BN, ACBOK, HEBRMEKU, EE, B0y, (k)| BERFFIENDIEE
?%%KQ,Mﬁ@&%ﬁﬁ,ﬁ%%%ﬁﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%%ﬁ%,

@,

MR T P R 2R
TR TR RN T R, AT AR R I A T I TR D A < Ar, FC AR BRI TH)

Aty = At— At % 5 SR A E%aw Y S T T O 1 48

(k-7
Ay, (k) =u (k)At, +0AL, =U ,At,-¢ °  k=1,2,3,4,56 (2.18)
7SI TE 5E ¥ 1B 1) e RAH
v, (k) =] Aw, (k) H u, (k) | At = U, A, (2.19)

RN U, A RFET, R w, () [T, AL A O H R
78 AR I B, SE TR O B 9 AT A TR R R T B AT, AE A, TR
B, FREEMM, € TR EL T AR, SN DN ERTAERE
MoK I IR o BAR, Atzﬁﬂéﬁiﬁ, TR wAE I ] Aty = At — Ar, B8R,

SE L O B LI A R R I TR o R R R I A N AT R AR R T T R R
{H 55 g 5% 3 L (K I
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HRANWERE S, X FEEE SRRk . E5R18 8 2 08 sk 7 8 1
T Wit 3, e b 20 BE 22 (1) 2 A) AL AN [R) ) W, s 2 ) % 1 DAL i 8, (HP WML AR
MHANEAHERE, BATHXSNMEAREBESRLMENREIZREE T
1), HE2SEREPWM (SVPWM) e BAL R . $es | R 11T Wil e &
BB, AR AR B PN R AR R A R B ) R

F2 6N B TAE SR o R 2k | e [A) 20 XN AR S AN et X, Wi 2,100 7, &
AT DX N /3, 2 B R (P B HE s Ok = T AR SR A bR X P IS, it B R DX R 4
WERAA BN R R E . SRR — NI RN, 7= 2R 1) e ek
(1) 3% F T RUAH 45

E2.10 BEZTEHREHNHEKX
DL B 4 1 R v AR SR U X 45, 0 A W R 2 ) R S PW MR JE A T A i 28
FH T b DX RORE R P, R 21 3 & AN o X o 121138 7 B A A FL s 20 A R e, A
u, T S SRR RS w,, 00 i s Ok 5 5 B Xl 4 1 1) 2
o NIRRT, T, w, WAERBTRIA ¢, w, AEH R ¢, 12K & A B
IS

T

t t t t 5y
u =ty +2y ="LU,+2U,e">
TO TO TO IZ)
t t, T .t . T
=—LU,+=U,cos—+ j—=U, sin— (2.20)
T, ‘T, 37T, 3
=u cosf+ ju sin6
A SR A Y A A, RS
T I .
1 :M(cosﬁ——smﬁ) (2.21)
U, NG
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g, =Wl sin0 _2udy oo g (2.22)
U, VU,

. T
SN —

E2. 11 PAIEMEBEERENENK
P AN 6 A % 11 A FH I TR) 22 R0 R 35 A2

tL+t, u I . 2u T
42 -5 (cos@+—sinf) = s_cos(——-0)<1 (2.23)
T, lg( 3 ’&wd(é )

Hal (2.23) w4, i—’lé’z%lﬁ, o+t K L R R R KR

_ 33, (2.24)

u smax 2

530 230wy, e s 2 Ta) 9% 8 11 e A A RE P R PR 37240, iR ST H T
K AE Al &

U _2, Y (2.25)
e 2 HL TR B KB AE A
U = N3U e = =t = U, (2.26)

T SPWIMLIK 3 9 2% b R B K IR S U :@, LE A

Yms _ 2 1 15 (2.27)

Uppws V3
R, SVPWM T 2 i) 308 A% s it 2 v s 6 e KA O ELVRL N HL M, B SPWM
1A 4% i O S 20 B i T 15%.
UK ey <T s HAR IR Ry 5w, KA, ORI AR IR ] D
ty=T,—t,—t, (2.28)
1 S50 52 i L P s R ) 0 R % 7 L RS R R AR I P A R A HL IR R R B AT
PRI TR) R AT, I vh e A5 H 2 O S (0 A PR T F /0N L PG R A S e AT ) A
W o X545 SVPWMIR SEIL B R AR KA A3 s, 3 6 LU T 5 H 46 55/ M I
SN N SN, AR SRR N R R AR WU, — RCEE D T SR L [ I
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& M) % -G 85 ok | L N IE6NTL Y, 5 IE 614 JE 11k 65 Ok = $h b AH L &
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IEONB B T 17, W B/, BEA RN MRk Eh . B2 1102 N =455 4y
BWE THERENLE, AN PXEN, ETHBERERNEEN
Ay (kK)=u (K)T,, HT u (k)IEFEAR R R E, 0200 H AR AN FEA R &5 B

Yk =10, w (1) wg B A%

Sr

u)=lly 2y =ty s vy, (2.29)
TO TO 0 T;)

YU 3 B O% R 11

St

Ay ()=u (DT, =t +t,u, =tU,e > +t,U, (2.30)
KB BN SEILTT L, 4% TF RAFE RN ), 25 AR O A T 1) I

NN t t t t t t t
Jp- FII [) A uo(zﬂ)\ ul(zz)\ ué(zl)\ u7(3°)\ ué(zl)\ ul(EZ)\ uO(ZO)O Ik, fE

Tompialpy, 52 7RG 4E 2 B K8 B OB 40 BT 58 1

1. Ay (L1)=0
2. Ay, (12)=2u,

3. 8y, (13)=Lu,

4. Ay (1,4)=0 (2.31)
t

. Ap,(15)="u,

6. Ay (1,6) =%2u1

7. A (1,7)=0

M Ay, (L%) = 01, 58 TR BE % RIS B0 70 S, A, (1%) = 0 58 Tl 5 R 45
L FE 28 B I8 30 . A 3A AN B I 0 40 BT 77 AR [ % T 553+ 475 A A X I
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V3 — <2
Mark, =] 23 cos0=2sin0" 6 (2.33)
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45in6’ 6 3
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gudc
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(2.35)
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X, TLT,,T 0 5 8 R VY,V B4 R Te], T 2k 23 18] 5% 2 1 il i 42 10 4 390
A DAAS B AEAR AT — A /N = A T8 10 3 1 I 1] -

S REAEAX, WA

2% REAEBIX, WA

2% REAEDIX, WA

mT

T,
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T, =2T - 2mT (cos 0 +

4 sin
J3

T,=T—2mT
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