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Research of SVPWM algorithm based on 120° coordinates system
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Abstract: In order to avoid the problems of structure complexity and complicated computation of traditional
algorithm, a new space vector pulse width modulation (SVPWM) algorithm based on 120° coordinates is put
forward. The coordinates of voltage space vector in 120° is obtained with this algorithm through coordinate
transformation. By simple four arithmetic operations and logical judgments, the section of voltage space vector
and the operating time of the basic vectors can be obtained quickly and accurately. The results of simulation and
experiment indicate that the new SVPWM algorithm has the advantages of simple structure, short operational cycle
and small memory occupation, which can effectively reduce the requirements of computational performance of the

controller when using SVPWM algorithm.

Key words: SVPWM; 120° coordinate system; sector; fast algorithm

0 2= IE5Z P . SVPW M A 28 & A s L1 A — A
ROk IE, B IR (R Zh Lk 5 2 R T e B
i, SVPWME AR 5EGHISPWME R AL, HIF
5K & R IF SRR BT LA 173, LI REER v )
AR 15% kA4, FeAlkah/h, BEg, Rews
PRA S AF A TR B AR, BN S TSk Bl

)
B2l 7R 4 A8 B — R 5 RE TC HBE R L v Mk e 4R 4R Y BF & 0 . {tﬁﬁﬂ L
(2016B010135001) YFSVPWMM— A5 5, BRiIiCARL S

ZE M) R Rk LAl (SVPWM) FIIE 52k 58 14
il (SPWM) {EAF R ARG,
{Zis T2 i e ahHLAZ Hl i, SPWMM i 2
PIEHBCR e, 36 HRT (6 i Al s 9B T2 S 2T

26 | @i bl - BEREHE - 20195 5385 5581



120° H:ps F B P idi SVPWMEEIL G 0F 52

EOILBEATIESE . SCERIS 14 H — 7 250 1 s [X.
A2 R o ik o TR AR B v, e o Rk A R
A R BCVE IR AL, BIRT SR g AR AR e i 42 i £
SR ZEE, (B SVPWMR L R AR A W
S5 SCHR6142 HY—Fh BRI = AH B R A /M HE
Fe R ZE (B R P b X AN TSR IR ), 5% 5t E
Fasr RAEAL, U SCER(7H@ T —Fp T
60° AFRAR THISVPWME, ilad 5 fif A br 2 —
EREE LRIE T RS s, R
DX [ ey R ik A v He ' PRI TR] 19 T 350 18] 16 28058 A ]
Eoﬂu%m,ﬁﬁ$WWMﬁ%%ﬂ%£E%$
TRESVPWMI RIS, B/NE LR &,
GNP O P & E%Em@Wﬂﬁ$WWM
R AT TR RS, H otk SRR R R
BEA MARA R % P A A e ffe, TR
R 07 SR 75 S A IR AR 5 A0 R = 1 R B0 55 B i
B, N AR T SR K

ASCHRH — PP T 1207 AR AR & T Y HT B
SVPWMER T, %5 %0 i % = #H VR il i =t 47
k% s FAT B 22 (A LR R B AE 1207 AR AR R T HYAR
Frvo ek % AR B AT TRT B FC P ) B e 32 e A
{68 1 o B - 1 2 T PR s O 2 T AE 1) g DX AR A R
Fe % & VE NIRRT L BRI T 5 iy Ak
brag i s o e, A &b L TSVPWMAY
Rikshty, sl T RERFRIATRE, 2T T
RiER i, RAEENHLE L,

1 {5 SVPWMIE Hl KB & 97

B LA = A2 S dh 4, 2 LS., S
S A=A ERVRE, 4 L ESERIRED
L, THESERERE RO, F 28 e iy Jq e (50 22
TERLIH GO, 8 e TR A 2 5

US=§(UA+aUB+a2UC) (1)

Kih, amcs s Uy, UgFIU 3 ER = HREHIE R

LW%ﬁ%%ﬁﬁTﬁ&WW%ﬁf‘@%
2, IEAULSASsSe) (i=0. 1,2, 3, 4,5, 6,
7). HAU(001), U,010), U,(011), U,(100),

www.eage.com.cn

Hig o

Theoretical Analysis |

Us(101)F1U(110) AT 23
213U Uy(000), U(111)%F J7 AL =S
RS

AR, g (E
(] % 2 e (L

TYT_

—u. J 5
]

Vo= —
Bl ZiAE&WEER
Fig. 1 Three_phase full-bridge inverter

8 L s 2% ) % e £ 25 R Y 50 A AR 1B 2 BT 7
HL R S [ R P 1R 2 A 6 B X, % A XN Y
MR 2 AR AR YR KPP SRR B, e X
FRIFA M A s A e Rt AT A s
U,(010) Uy(110)

U,(000)
U,(111)

v VI

U,(011) U,(100)

U,(001)

B2 REFBRTESHE

Fig. 2 Voltage space vectors and sectors

G SVPWM I g 19—l P k. Bk
¢ = AR VR 1 Pl S g = A LR A AR A 280 Clark 2 i
FE AL PARRR LB PR R T YA AR, SRR —
AT T 02 8 W 4 2 WL s ) % 8 O 16 Y )
X R AR, EARME RS R
HRABIEA R EAERBFE, &ERHA TR
A7 B BB FRE RS I E AR R
FIVE I 21 X R i o o A rp 5 R AT R AR
SRR IR, TN T g R TR
fdH, WK T R R AT E

2 IHBISVPWMIE I KA
ASCHR T 120° AR ZR THIFTRISVPWM

Uy(101)

201948 - HMiENH - wi hd | 27



HigoH |

Theoretical Analysis

ik, I TR B U I B e 3 W A RE A F
273 [ % 5 T AE 109 s DX I A 2 e V PRI JD, AT
ARG T R T R AT R

2.1 BRHEE

EI34120° AEbR A& T b X Y22 [] 53 A B, o
H#ARL, BREAFICHL 4> i3 /1M120° Xk, Y Af
T mVEAR120° A hs 2 T HIRE R E J5 [a], BAiliJ5 1A
TER120° ALAR & T ARl 1E 5 I, 2 S8
AOBA 15 KX, HBAI120° AR &R YEE — SR
X [RIEE, YBHIFNICHN S BIMEA120° AAbr AT
PR FNR R, 8 IXIRBOC A2 S KX s 4
CHlFN A 53 BIE A 120° s b 2 T 1R il ARt b
B, & XXIHCOAX3 S REIX . hfaEab iy
i, AR AIS KEEX, BHHA2S KEKX
CHVANI S KB . 25 KX 135 KX 5 5
Ay 15 K DX B e #4120° F1240° fifs,

25 RERX

15 KX

U; U, A
U, Xy
©) \%!
v ®
O Vv
U, Us
C / 35 KX

E3 120° SRR TR ZE D7 E

Fig. 3 Voltage space vectors and sectors on 120° coordinates

SRR 1 | 2503 B AR
BIEIZ R R R RAE LS . 2B FI3E120° sbi
Pl AR
vBAsgsgaE: |
X)=Ug — U
paggEm )
Xo=Uc— Uy
SgdbREgE: Ty
X,=Up — Up

KA, xv 0o BIAREZE IR EAE1207 AR AR T

28 | @i pdl - EWRGE - 2019F %385 8

E’Jﬁ‘iﬂaﬂéﬁ%ﬂ%ﬂiﬁéﬁ

=i A B R e W] A B L %S ) R AR
EéﬂKHE’JIEO AR AR TR R s Xy AR
=1, 2, 3)%%ﬁﬂ“}ﬁéﬁ'@ﬂx>oﬂxz>0, RS
HUEZERIREL TR REE ., . nlTRANR
A RS IEH%EF)?T‘E’J/J\HEQZ Hx >l

RRRELET1IS/MEE s SLTF25 /R,

E44120° AR T kR X HIWT R fE &, Hoi
Ty LR A3 (A R R BT AR R B3 X 8, ok 8 ) L s R
TR /N X B, T AT 75 23 i) W R o B 7
9 B Xy

N=2(i—1)+j (5)
A
X=up—uc
Y=ugTUp
Z=uc—uy
X=x
x>0 H.z<0 X,=—z
=1
x=y
1y>0Hx<0 X=X
=2
X\=z
>0Hy<0 X=y
i=3

N=2(i—1)tj

B4 mERHEREE
Fig. 4 The flow chart to get the number of sectors
22 EXRBEZTEHXREEAE
REHBEEERREL TS (=1, 3) Kh3
X, WA EEZ?J:&%TE’Ji*Tﬁ(xl X2)s KT5
HREE, W i db 70— A BE AR

X

(2/3)U,,

% (6)
2/3)U,




120° H:ps F B P idi SVPWMEEIL G 0F 52

BRI, W R 2 () % e AR BB A I T N 9 R A
F AT UL A A A b A PR A A H R 28 TR) R e B AT
AH. MRYE KRS RN
mT=1T,
nT=1T, (7)

X, ToAH120° A bR R TRl AR A U 23 A R &
FIVE RN s 7,00 120° ABR &R T #hh EAEA LR =S
] S A VE FIRHR] AT AT s
T\=mT,
T=nT,

JEAE bRl b A R A L, e 2 ) R R AR 120° AR AR
L3 N OF 58 - FA LY 7 o O N SN R R TS |
FCAE S AL I ] A 1R P8ORS T A bR b A A
i AR [A] SF I 18] 3 ) U TIOR8 IR A b
Hh BRI RA R, MEB3HIU,. USNU,, 4
b ERVR B AR E, mEBHHIU,. UFU,.
U v, s 3 TR 2 o £ 8008 J1 400 BV T Z80R mT Hh B
FAE R X TIPS R A

(8)

2 n>mltt
T=T, =mT;
o (9)
I'=T, - T\=(n—m)T,

M n<mlt}
T.=T, =nT,
v (10)
T=T, — Ty=(m—n)T,

b, TR REIERBR s 7455 % &017EH
1Al
O B3 X Y S R B FNEs % VR FINH Rl AR 1 R,
®1 BHEBIEMME

Tab. 1 The operating time of vectors

N ls 35 5 2. 4. 6
T, nT, mT,
T, (m — n)T, (n — m)T,

23 BEXBEFEXEERNF

i 3t e A T R R B AN [R] 2o e 5 56 AT DA A
ZFAERIPWM 53X, FH H 2 1 A8 25 194 il R
P2 B R A I N T S R A i
AR AR, R 4y e BB 6 Ak B VR Kok AR — 4
Mg aR A, BAER AP WMBE AR, H A
TRy AA LBREAMEE, HBPWM

www.eage.com.cn

Big o

Theoretical Analysis |

P TR E TR TPWMA WM FIR BH B, B
RAERIERMUT 2 . FRE - SHRE - mRHE -
BHRE-FRE, LRAPWMHEELESET
PWME R B B v A B, HEO% S B R W 42 -
FRE-PHRE-BRE-FRE-BRIE -5
K- FRE, LBAPWMHIRE &M T -EERA
PWMEFF Rk 173, HAEB X PWMAY K
Wi 28 38 (THD) 241 T 1L Bt XPWM,

ASCLLH RS -E B P WM i th IR 7 24 (5115
BIRA R BRI T . anESHR, & HHPWMIR
ARG R K — A B A1 50 S T AR i B

CMP3 p-=-=====-- - ,

CMP2 p-—-—--f--- _é___i____

CMPI [~ ——;-——_J;___E_____é___l
gaten | | nE
e

SR AR

B5 PWMEHAF
Fig. 5 The sequence of PWM output

T] 15 & AHPWMITI Zh VER %1
7,=0.25 (T,— T, —T)
T,=T, +0.5T,
T=T,+0.5T,
Kb, TOALE—APWM A b e 3 VEAHP WM
I T AR SITEFHPWM B AL % Tk s
SEFPWMATEREE IR,
H, R 23 T 2% 8 AE 25 A b DX I 2% A Y 3l VR i
mFE2FIR,

(11)

®2 EERMFF
Tab. 2 Action sequence of SVPWM
1 A B C
2 B A C
3 B C A
4 C B A
5 C A B
6 A C B

201948 - HMiEMH - w2 Hd | 29



HigoH |

Theoretical Analysis

BE L e 2 () R A MR, — A3k SN
T O VR FIRE AL RE o8/ o 24 P s 2 T 5% 7% £E
NILIB G Z SN0, g R R TR, BRI R
B ) PR D TRE R e R Ll RT AR IRGE 24 Y
ot R 6 S W st — 2 i v 10 A % LU Bk e A R
AR R RAR SRR T T R B 7R — A 3
P AR FE L B BT+ T, > TS 0L, el a2
OB R et R Al A PR e, o SR L (91 40 /N AR
Eﬁ$%imﬁmﬁﬁ BAE T TR A0k

T=[T /T, +T)] T,

T=[TNT, +T)] T,
Tk R B J 58 % B R0 59 % &7

(12)

A, T4,

i 1Al
Wk REG (12) Frospyt A6 2 5

o e EH A R i R IR R B, ARSI TE A RY R

LIRUR LS TV URI SR IVASUE AUR il a1 D)2 B
PIBRFEAE,

3 TERERERSH

3.1 BiEME

{EMatlab/Simulink3p 5% £ 120° LR AR T

T HIBHRABIER A300 V, JFOCE R 1%
310 kHz, %t —#H i A& IE 1% 4100 V, #iR
450 Hz,

[%]6 4 {# FHMatlab Functionfii e £ SVPWM
R, IZAAARYE 1207 bR A BT SVPWM
SR T A 6 B PW MR il AR HF IGB T MY, Hop
AFNapii% B b, P HIIARE B R AR
AMIGBT, [RIBEBFAb, CHicsy Bl HlBAHFNCH Y
IGBT,

P 7 oA 23 [ F, s R et 4 %L&* Hopr
FE R s X e X Bt Ik ) P A8 PR AR O . A K
XL & A /N X, m%r%if% o R
REE ~ 65X, HASEJEIH40.02 s,

2R R R R AE120° ARFR A T AVARFRE 0 —
RALPE fam . BRI LB B8 o, 28 Il HL s
R R, mERIGEUN, MmO
R HEABRR IR X I e, m . nil T T K X )6
BB R,

B9k 1E AR T T, T,5 T2
BIAMER R, B B X AR R I T, 5 TR /N
S5, YMmMndHER, THSGEKE, YE4EKE
X Uiy, THS kI .

SVPWMBL i 1 b R itf A8 WL . 5 L 5% 1 I B 4
N A
A N N
sinABC B 4 T, T, t, t a
. m m
fen 4
s Uy Use ! ! fen T, 4 b t, B
Get/N T fen ‘
1
cn pwm
1/fc T, t t b
T,
Get_time
T, C
m— -
Repeating
Sequence Output_pwm6

E6 FEISVPWME KA
Fig. 6 The model of new SVPWM algorithm

30 | @i hdl - ERRE - 2019FE385 F s



120° A5 bs 22 FPeliSVPWM L Z: 1 WF 52

il
T
N
- 5
1]
E 4
-
BERERERRRE RN}
sl
_— 1
1 C | L I ! | L | ! | |
0 0.02 0.04 0.06 0.08 0.1
t/s
E7 KBRIBRIELKER
Fig. 7 The model of sector
0.6 7
0 L 1 I | L L L | |
0 0.02 0.04 0.06 0.08 0.1
t/s
0.6
0 0.02 0.04 0.06 0.08 0.1
t/s
E8 m. nfEELIER
Fig. 8 The values of m and n
x107°
6
T, T,
st Y
f“ 4
E 3f
=
FE 2
R
1
0 0.02 0.04 0.06 0.08 0.1

t/s
B9 {ERRETINT KR
Fig. 9 The operating time of 7, and 7,

YERBHRIT, . TAT I TEmE 10FT 7R, 34~
BRI W, T, ToAKIRIE, Toh=Mik, /v
T, Tzil, BT, TATIHE A2 LR
I AE B X AT LR 7542 il - #HIG B THY PW M) 0 5
Zl. B sl AAE _E AR EPWMZ i G JE i e
HIPETE o

AR A I PWMAE 51 T A8 4
Al AR B 12 B R AFHFH LD, HE{E 4200 V,
LI RCICIE HEDE 2% JE I SR I I an 13 fiow, ok
TEAIEsZ D, FHHEME{E 100V, JE#1240.02s,

www.eage.com.cn

Z
5 0

Hig o

Theoretical Analysis |

x107° T,
4¢ ¢
© 35
|
&3
25
=
= 2
=S
€15
0 0.02 0.04 0.06 0.08 0.1
t/s
E10 (EREET,. T,. TKR
Fig. 10 The operating time of 7, 7, and T,

09r

0.8

0.7+

0.6
205

0.4

0.3

0.2

0.1F

0 1 1 1 1 1 1 1 1 1 ]
0 0.02 0.04 0.06 0.08 0.1

t/s
Bl PWME HRCIRBIRIK R iR
Fig. 11 The waveforms of PWM after RC low-pass filter

200
150
100

50

—50
—100
—150
—200

0.06 0.08 0.1

t/s

E12 AEREEE

Fig. 12 A phase voltage waveform

0 0.02 0.04

100
80
60
40
20

U/N
S

—20
—40
—60
—80 |
—100

0.08 0.1

0.04

0 0.02
t/s

E13 AMERERCIREIRH KT
Fig. 13 A phase voltage waveform after RC low-pass filter

3.2 G

SEISES B 141, SR A LLTMS320F28335

201948 - HiMRE - wi bl | 31



HigoH |

Theoretical Analysis

ORIDSPE s, il 30 kW Al i AL R IR
A:300 VERHLE:, fAIGBTRE 53 Frif iy
AR AR . B i AR R IR E A 100V,
$5i2 450 Hz , IGBTHIFFI452% 4510 kHz,

E14 FERTYE
Fig. 14 Physical drawing of inverter

WA S R A SCIX RIS VPWMELY:, adiiod
TR & U015 AFH L PR B S OB An B 1S o, A
i tH I 5% FLU S BB 420 ms, BITHR 4304 50 Hz,
Ik I e R € R T Ay 7 A R H H g e
{E4199.7 V, "IfAHHETR(E#A99.85 V, X iR
#Z51.5%,

u/(50 V/H%)
o
A
L]
—
L]
[
—
—
——
[

1/(20 ms/#%)
E15  ARSEEREEH
Fig. 15 A-phase voltage filtered waveform

S8 SR FH W 5 1256 3 B SVPW MR I i 1 4t
SVPWMH iz Bkt A #Ef7 %k b, — P FHCCS
IR AE X DSPRE P AT (R fErp, 72
SVPWMBRL B T 4 AN 46 i B 15 BT AL, AT AT
CAIN 53z A 718 s IR O RE 7 BT T RE AR RD s 55—l
TERLL A Fn & AL B B DSPIE A48 I
LR N7 I BURZN, &2 DU~ S0 3 SO MYy QUIE S ES 4t )
WhiE], B BES TRt E . L6A { FHf %
S 5 3 P R s R AL LB O, (RS
JSVPWMEL AT —IRRERF 1314 ps,  ifri {3 47 2
SVPWMELB:HERT9.61 us, R 1726.9%,

32 | @i pdl - EMRGE - 2019F %385 F s

uuuuuuuuuuuuuuuuuuuuuu

100 ps -

(25 ps/H)
E16 (oG E B E LRI

Fig. 16 The executive time of the traditional algorithm and the

new algorithm
{55 bRz FHSVPWMBE AT gwe i, (i FTIZ ]
P A TQmath Z v] DAA R0 i8N 75 2 AT K= T
RECEER P E R, SR LS SVPWMER
P FE R SVPW ML 45 BITE (5 A A (i FIQmath
FER G O T B R AT I R AT R, ad e &2k
& Ja TR E AR R &5 R a3 PR .
®3  EGEEESHEERITEAIL
Tab. 3 Comparison of execution time between traditional

algorithm and new algorithm

ARALH fitt
IQmath JZ IQmath %

BE MW BT

TG Jus 12.99 13.14 9.69 9.87
BB Jus 9.49 9.61 8.96 9.13
IR /ps 3.50 3.53 0.73 0.74
MRETE (%) 269 26.9 7.5 75

T ok R A T 1 7 1k Bl 5 R e A T T T
AR RS G, R HIQmath ERY IS L T, il
SVPWMHLIAH LL (% 55 SVPWM AL FL i kA7 R] |
AWK, BRI 726.9%; i HIQmath
FERY, B TR A ek KT, B A
SVPWMB Bl R A AR EE, (AR
7.5%MHE .

4 HRIE

fe tH— B L T 1207 ABFR AR THT HSVPWMER
%, IEBILRENS @ I 0 B R S A e AR 1207 A bR



120° H:ps F B P idi SVPWMEEIL G 0F 52

T A AR B A TR B R T SRR T, bR of: T
15 2 v 25 (] 5% 8 B £ 1 s D0 AR 1L 25 [R] %
RAIEHR R il 07 B9 IE TR SVPWME
IEEI T AT M, AR S e SR IUAS [R] B IR () 00 & 5
LR T % G Rk A B S TE AR AT IR [R) L 9 22
o TEMKEESREY, AFUSVPWMR %
HA R BT A 0 R ) o B S
& ATLVA g5 RS VP WML R 7 RIS T IR R]
S VAW AORS o K, fESRPr TRs Hrh AA R
AT 1E.

&k

HOLTZ J. Pulse width modulation —a survey[J].
IEEE Transactions on Industry Electron, 1992,
39(6): 410-420.

VLATKO C. Digital-signal-processor-based
control of three phase space vector modulated
converters[J]. IEEE Transactions on Iudustrial
Electronics, 1994, 41(3). 326-332.

T, RIERE, FE#hifs, 5. SVPWMASEAH
5 K SVPWM 5 SPWMEIA i & [J]. A E AL L
2R, 2006, 26(2): 133-137.

[3]

ZHOU Weiping, WU Zhengguo, TANG Jinsong,
et al. A novel algorithm of SVPWM and the study
on the essential relationship between SVPWM and
SPWM[J].
26(2): 133-137.

ARfE, HEH, skol, F. mEZRREWEE S
MSPWMHELLAHFFE[I]. W A-HAR, 1999,
(1): 25-28.

XIONG Jian, KANG Yong, ZHANG Kai, et al.

Proceedings of the CSEE, 2006,

Comparison study of voltage space vector PWM
and conventional SPWM[J].
1999(1); 25-28.

TIRER, #FF, B, . HATC R X A R R R
P sE AR L I]. E R AL T A4k, 2008,
28(30): 35-40.

Power Electronics,

[5]

FANG Sichen, LI Dan, ZHOU Bo, etal. A

novel algorithm of space-vector PWM without sector

www.eage.com.cn

[6]

[7]

(9]

[11]

| EiBSH

Theoretical Analysis

calculation[J].
28(30): 35-40.
k%, AR, Baeik, F MEEE
SVPWMIiAHIT; i%[J]. W TH A4, 2010,
25(8): 99-104.

ZHANG Yinhai, WANG Songsong, GE Jinfa,
et al. A new SVPWM modulation method[J].

Proceedings of the CSEE, 2008,

Transactions of China Electrotechnical Society,
2010, 25(8): 99-104
iy, EEE, XK, . 60° ARG LM
ar SVPWM BLLR5E]. BoRFHESAR, 2012,
40(2): 94-97.
WANG Chang, WANG Cong, LIU Jiandong,
et al. Research on SVPWM algorithm of mine
frequency converter based on 60° coordinate
system[J]. Coal Science and Technology, 2012,
40(2): 94-97.
BEBESR, XK. 2T 2SR R EPWME RIIE K
SRR AT, AL SRR, 2010,
14(8): 93-97.
XUE Yuqiang, LIU Bin. Analysis of zero state
vector distribution based onspace vector PWM[J].
Electric Machines and Control, 2010, 14(8):
93-97.
Felr, Eob, RGeS, . R IREE R IR R
PA SVPWMBLIL[T]. L=l 24, 2014,
18(4): 31-38.
QI Xin, WANG Chong, ZHOU Xiaomin, et al.
Low hardware resource consumption fast SVPWM
algorithm[J]. Electric Machines and Control,
2014, 18(4): 31-38.
e, wEE, MEk, &, Rkt
SVPWMELEIFFE[I]. WAL S 6l 4k, 2013,
17(4). 57-63.
WU Lihua, GAO Huizhi, LIU Zheng, etal. Study
on an improved SVPWM algorithm[J]. Electric
Machines and Control, 2013, 17(4). 57-63.
MOF, BBEZR. SVPWMIREILHF R Rk
(TEEH 42 10)

201948 - HMiEMH - % Hd | 33



HigoH |

Theoretical Analysis

dispatch problem[J]. International Journal of
Combinatorics, 2009, 10(1155). 1-24.

PRilgAR, P, HEE, 5. ATk hE
SR A ARIRUERCET]. BhRGER 5%
#il, 2016, 44(1). 149-154.

CHEN Haidong, ZHUANG Ping, XIA Jiankuang,
etal. Distributed power supply optimal configuration
based on improved firefly algorithms[J]. Power
System Protection and Control, 2016, 44(1). 149-
154.

X, HeMSER, Mo, . BCHRMERIRS R
M]. dbxt: A ERFDK AL H R, 2007.

fE&E®ET

MER (1975-) , 5,
W, B, EEMREGEA
ML) R gtisfT 5,

Profife (1993-) , %,
f WA, RIS A A
B ARGt Sl

(KcFs A : 2018 —12—25)EA

( b4%58 33 51)

BRI, A, 2002(4). 19-22.
LIN Ping, LV Xiaodong. Optimal distribution
of zero space vectors in SVPWM[J]. Electrical
Automation, 2002(4):19-22.

AL, BRESE, KT, 5. BEHLFRFE B
] % S PWMAT ISR 2> Hr (0], [R5 4R (A 24
Flegh) , 2011, 39 (6): 901-907.

WU Zhihong, CHEN Guoqiang, ZHU Yuan, et

i

[12]

al. Harmonic analysis of space vector PWM with
random zero vector distribution[J]. Journal of Tongji
University (Natural Science) , 2011, 39 (6):
901-907.

ERAR, KB, wcEME. SVPWM A d iz
AL o B 5], LS 4 il 2 4
2010, 14(12). 63-67.

WANG Xudong, ZHANG Siyan, YU Tengwei.
Control angle algorithm of SVPWM over modulation

analysis and application[J]. Electric Machines and

42 | @5 pdl - EWRGE - 2019F %385 F sk

Control, 2010, 14(12); 63-67.
b, HRR, kEiE, %F. AT =MnE
HEARIISVPWMIL I 5] . B THOR i

2015, 30(1): 150-158.

[14]

WU Dehui, XIA Xiaohao, ZHANG Zhongyuan,
etal. A SVPWM over modulation method based
on three-phase bridge arm coordinates[J].
Transactions of China Electrotechnical Society,

2015, 30(1): 150-158.

1EEE T

FHZ (1958—) B, #
5%, SIS 1R kT RE IR IR
L LRI,

(FE R 2018—11-25EA





