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A Synchronized SVPWM Strategy Based on Calculating Switching Angles
ZHU Longsheng, FANG Xiaochun, LIN Fei, YANG Zhongping, LI Hua
(School of Electrical Engineering, Beijing Jiaotong University, Haidian District, Beijing 100044, China)

ABSTRACT: The number of sampling points per sector in a
given synchronized space vector pulse width modulation
(SVPWM) strategy is fixed, which means the carrier ratio for
modulation is unbending, therefore the flexibility for digital
implementation is restricted. By analyzing the waveform of a
particular synchronized SVPWM strategy named basic bus
clamping, the author proposed a modulation scheme which is
based on switching angles. Moreover, it can also be applied to
other kinds of synchronized SVPWM strategies. This scheme is
valid in the whole modulation index range, and the carrier ratio
is flexible to set as well. In addition, the modulation error was
effectively eliminated. =With theoretical analysis and

experiments, its validity and feasibility has been verified.

KEY WORDS: low switching frequency; space vector pulse
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different synchronized SVPWM modes

JLLESN 0°~60° A 1 4 Bl
CSVS-15 5 30
BBCS-11 5 30
CSVS-9 3 18
BBCS-7 3 18
BSS-5 2 12
CSVS-3 1 6

M2 ATLUE H, R 2 1 PWM 5k
WG IRE, AN T G 2 R B L AR TR A L, B
BBCS-11 §J#e#] CSVS-9, ittt 30 &4 18.
TEIA IR G, ik bS8 25 3 A8 i e 5%
AR, THIE AR N AR, X H AL R 2 3 A
R sEm, 4 B2 L i IR 25 F5 2

N TR LR B AN B e BT R
(IR R, S SVPWM [R)A W il (1 ik v 23 A B REA T
3T, PR T AT I O A ) SR T VAN
el . R LA 30° £/ 11 43045 BBCS SVPWM 44l

M%< 30° £HA7 11 2345 BBCS SVPWM Y a AH ik
MR, TR AT i R 174
FRXSRRYE s PR ] LR R EAR [R]85 0 1 vh 4 th i
JeA BT AR REAN /N B X T S BRI %1
T 0°~90° NI S ANTFIRA, ARJE RO RReE,
BT B A I k. K T O FN a AH K
P AE [FE] R E T, A 4 s

ti P 4 774, 300 447 11 4345 BBCS SVPWM
[0 PR R S M dI i 0 4k E] 1
I, AHERIITF R Mg WHan, HRMEES, RG
TREFHAAEAAL . P A AR I T A A
S IV B 77 e PR e o

AR 30° #4711 234 BBCS SVPWM [H)

CETTIT
% o L 2

(i

360

L Ut
|
0.0
0 120

01(°)
(a) — LUK I BE



%513 W KIS — P T R EIT I 1) SVPWM [Fl 25 i i g 3933
1.0 | N H B 4(0) T A1, an 5 as HHAR, SR TTFE o = a3,
9 08 < o (CE2IP
= 0.6 =
2 o4 | u ' = o=, = M, = 3 ~0.920307 (6)
= 0 = 14+/5 +4sin(-0)
0.2 v \ v 30
00, > 28 . % L EARG R ATH, 24 m=M,=0.920307 I

a/(°)
(b) Wi 1/4 JEIRA kel
4 FFXFHF a EEKHE
Fig. 4 Switching angles and phase a pulse
A, 5 H T O A v B 2 s 3 ) 5
oo MR 3. 4 AHESH 0°~90° JEFEIN ) 5 AMIT
T ol as azs aus as, ESEFEUT:
1 1 S/hEEIX, R 6° REERD REAEII
PR 012, —A BT, WTRHERH o, (3)
FoR.

. T
L _x T, :ﬂ_(lJr\/g)m_stm(%) 5
15Ty 15 1043 5\3
g th o BRI LG m R ARG &0, Wil 5 s
MEH LA, M m=M>=09927 It}, a;=0, It
Bl o5 2n—as n—o 5 n+o B

0.20

\

\\

0.15 ~
i TN Mm=Mr~09927
$ 0.10 M, a=0
0.05 .
0.00

00 02 04 06 08 10

m/pu

5 o BEIEFILE m TUEIER
Fig.5 @, versus modulation index
2) 25 /NI, XV 18° SKAE A, SR AR
JPoh 210, A REEEY, ATRES I o, W15K(4)
B

A hAT (J_ hm 2m Sm(*)

15 15 Ty 1043 sﬁ
3) 3G /NEX, X 300 KA AL, REAE I
J¥0 0127, A—A BT, nTUHESH s, W5(5)
PR

o=

“4)

2 w05, ©® m
2T =27 )
15 15T 6 53

a; =

a5 oy FA B o o BETILE m 2240 1 Ol
e, WK 6 Prm. a, 4 m>M I, A
WHIX, IR ay Al as £F m=M,=0.920307 Ff
PHEAAE o

0.5 a3
M m=M, =

9 04 0.920307 I, ﬁ ’
§ =03 /

0.3

0.2 —

0.0 0.2 0.4 0.6 0.8 1.0
m/pu

6 ar asFEIAGILE m TILE
Fig. 6 a,, a3 versus modulation index
4) 6 T/NHXAELR 2 AN REIX, XA 6° KA
M REAERITY R 721, A TR, LA
T s WP
x nT,+T, 2n 2msin(%)

a4 =—+— S (7)
Y315 Ty S 53

5) 7 S/NE AL 2 AN KEIX, WM 18° RAf
A, REAERUT A 127, A BT, aTLAESH
as, W@,
2 ® L _2n (J5-Dm
5 +15TPWM BTN ®
¥ aun as BEPHILE m ARG I Dl /£,
el 7 Fios.

Os5 =

1.32 s !
1.30
2 %
5 128 M;~0.920307=<—
12625
T ay
1.24 s
0.0 0.2 04 06 0.8 1.0
m/pu

B7 ay asFEiASILL m BT K
Fig. 7 a4, a5 versus modulation index without

overmodulation



3934 H ZER 1 R DR -4 %38 %
HE 7 rTRLE S SUEEIEEA 0 2403 1 B, o
g~ as BT E, WEATTRES, Pl m>M, NEL:
i B R RN e s B A - 4sin(7£)”°~92°307
s DX IR N A B o H BT 4(bymT %, R 2tk 30
WD @ as 5 2m/5. M, =0.9927
A aq as FEIAEILE m ZRHE L, T U A K e 2R B I R A
Kl 8 Frrs D ¥ m>0920307 I, ar oz T, 11k
3 AR 7 ik
s 2) B m>09927 1, a5 2n—-a1 -1 5
S m+ay Efr, 7 PR S Bkaks
El M1~0.920307 = 3 M m>1H, aun as B, S BRI
126 . 205 Hikh
74 22 BRYH
0.0 0.2 0.4 0.6 0.8 1.0
mipu 4y LU, 7RSI LLya i, &

B8 XA AHEEFa, ashEIATILL m BYZTK
Fig. 8 a4, a5 versus modulation index with

overmodulation

S L RS, n LR SE AR AR s
F, TR AN, o). W(©9)
FTLAE Y, JE T T 5% A e 1R i 5005 A Je U2 At A
BHTT R A B WL IR A, e W HI SRk
MBS T AR, AT A Bk 7
Ko MNR(O)ETTLAF Y, TFIA ARSI T I LL K
—IREEL HE AR E ARSI, A

W AT ARG, RN, SN
fidj B
2msin(£)
a, = i (1+\/§)m 3 , 0<m<M,
15 1043 5V3
0, mz=M,
2msm(—)
10[ 5\/5
0.417331, m=M,
T m
-, 0<m<M
oy = 6 5\/5 ! (9)
0.417331, m=M,
LT
2msin(—)
2n 30
)= 2 0<m<M
a4 5 5\/5 1
a,+k,(m-M)), m=M,
2n (\/_ Drm 0<m<M
s = 1043
—k;(m—-M)), m=M,

AT RAAAATEFEAELL 120, Kk ar LBk 4>
B R AT RO — N X N R 2 A AN T
KA, RN PHIRTFRBNE . AR —AN L A P34
IYIE 3n By (n NIERER, n>5), XRERUAER YR
25 ) % A S B VI I 3 (R 2k LR R e 30
PR, B9 25 thRI 3 1 15 AN B DX R L o

1.0 ‘
0.8 | (

[
|
T ool © 1H A
= 0.6 ‘\ N i =
5 e AA A ——1Hl1 &
R =
= 4| —L’ l o =
02 \‘ \
| | |
ool [
0 120 240 360

0/(%)

El9 FXAMa @R HEAS BEEX)
Fig. 9 Switching angles and phase a pulse (15 sections)
FEANTE 7355 SVPWM [Al 2 U1t , 02501
PRAIOLIESE . AERIPAMERIT, O T PRUED) T )5
TS N AN AERAR /NI P 1 BE AR 5%
Wi, JEAZUF TR PWM BBMR S, R
HEARESRAR . hf T oAl SVPWM [F]5 1 i e, 8
A DURR S T 50 A AR A VG ) 08 Rl 20 Jet X, A8 2503
Wbl XA AR U v 1 7595 HS 0 20 EE SRAR )

e 3 25 Y EDFTRI 0 B XS R 3 LE

x3 EFMSNBEXZERIEIKL

Tab.3 Carrier ratios after redeviding minor sections

PN Bt I Bt
CSVS-15 15 BBCS-7 15
BBCS-11 15 BSS-5 15
CSVS-9 15 CSVS-3 15




13

RNESE: —PhE T TR IS A 1 SVPWM [R5 8 il 5 3935

23 ETFHAXANTIAREEZSR
4 30° 4047 11 434 BBCS SVPWM [HIXHFR
Pk, ATDAE S L TR Uy IR IE

5
U,, =22 11423 (1Y sing] (10)
T i=1
AU
Uy =2 (1)
T

FW ALK 22U/, FHE LU
U, =1+2§5:(—1)" sina, (12)
Kl 10v 11 25 RS FURIRAE U SR ZE
Uerr BRI LG m 2B TR 250

S 10| ;o) e p ——=s
LOF gog . : ot A
0.96 5 A
0.81--094f - =
(X1 -
= 7 Rl :
a 067 0.920:94°0:96°0:98 1:00 -~~~
S 04 : O
| : §2EEEB§'H€I|
: — Um
02 SRt Fooee m |
0.0 ‘
0.0 0.2 0.4 0.6 0.8 1.0
m/pu

10 HHEREERES AR EXRE
Fig. 10 Fundamental voltage amplitude versus

modulation index

0.012 /—\
= 0.008
<
-
0.004
0.000
092 094 096 098  1.00
m/pu
(a) FETAMREA I
0.003
0.002
=
<
= 0.001
0.000
0.92 0.94 0.96 0.98 1.00
m/pu
(b) ETIFKAA

11 EFNRE S A X R E
Fig. 11 Modulation error versus modulation index of

two implementation methods

10 H1: SAM FIRFET I LA SVPWM A
Al SVM RoREE T R EA Y SVPWM
FAEl. 255K 100 11 v LUEH, KH SAM 1]
DAPRIE RS i R IR R BE SR 4, 55 SVM AHLL, #T
BRHRRZE S 3% AR, REE N,

3 SKIGIOUE

3.1 LIWEH
N TR UEAR SR H T IR C A SVPWM
[ I S, 76 5.5kW Sp2b AU 5 74T T
SR . SERG R NS E WK 4 PR, ARREsHA
ACHHLE A 200V/50Hz, 2808 — A A g )
BB RN 270V,
k4 BHBH

Tab. 4 Motor parameters

SH Hufy ZH HfH

HRoxt £ 2 SEFIs/%/mH 17.5

SET HLBE/Q 22 PR /mH 17.5
HF U B/Q 1.09 HJg/mH 430.875

P FE A 12 Brs, 15 4380 CSVS. 30° &
£ 11 4345 BBCS SVPWM 4K 6T I 5% £ F) 512
W7, W b B 15, HeaiEid 300 #1467 11
/34 BBCS SVPWM i i 11 31 5 38k

P 157000 30°HIHRE 11 405
_ SVPWM ;CSVS i BBCS

15
1kHz
'

50 fi/Hz

A
b

30 35

E12 EHigiE
Fig. 12 Modulation process

32 ZWERS5HH
3.2.1  BETIF A ] SRS S0 IE

13 45 R HEE T IF 5 A1 SVPWM [R5 1
IS, IR 0.5, FEHER Ny S0HZ I, 15
34 CSVS SVPWM Al 30° #4711 434 BBCS
SVPWM iyt (12 ik i I

13 FFARIT TR SVML SAM I i) kb AL
SV K H (weighted total harmonic distortion,
WTHD), W#HZE 107 #2%, TS, Xt
ARSCHR I EE T I O I S BTV 2 IE A .
360° K534 15 AN/ IX, AT RLAR AN



3936

Z
v
=
&
=
1.00 1.02 1.04 1.06 1.08 1.10
t/s
(a) 15 ML
Z
195}
=
&
=

(b) 11 2 A0fH5

13 15, 11 45 SVPWM 8 a BB FNE R RS
Fig. 13 Pulse and section number waveform for
11, 15 pulses SVPWM

Wk, IEORERFOR G AR . 55 SCiHR[14,20]H
) SVM ML, #ptbin 30 48pk 15, AEE0TseH
I, JFCRTFEAE 30 FHEALh A TIERE, i R
15 Fiigod, BRI TisH .

XFTERE ], SRR AR I, AR
WA =, B4 PR I S SR I TR AR
ASCHEH FE TIPS A 1 SVPWM [R5 I 5%,
AT CAFEQRIEFF ORAIR B REA RT3 T, 5
11 5345 BBCS. 15 4345l CSVS [359% b i 30 A2
15, IXFE R DU 08 R0 B, 45 R SEE R
B2 W AT, ARIEILE AN R s
56, WERFET H AR
3.2.2 BT ISR I T SR gk

AR ST HH R T 0% A ) a3 2R AT
TSEEESAIE, DL 30° 44T 11 434 BBCS SVPWM 4
B, B 14 25 kv R R BT

Tek Hi 4T M2.00s

BRI FRE: 200X
br L flag

TERlI e : 5155

U 1 et 1 g ! i 1
B AN B N s e H e i

» HHELIA ia W
& 100V B 7 10.0ms s00k% /44 o / 2122016
2504 250V 10M 5 800mv 16:23:11

(& M m>0.920307 i, 11 fkph—7 fkph

g

- 3 47 o
5 N ; :
B m
b
B HHLUR 7o - :
@ 100V 2 710.0ms sookx/dy @/ 2 122016
2504 20 10M 5 800mV 16:24:07

(®) % m>0.9927 Itf, 7 fikph—5 fkd

T G G T W
(©) Zm>1HF, 5 fkh— ks
E 14 TiEsligie

Fig. 14 Overmodulation process: 11—7—5—single pulse

MK 14 FTLVEH, fEid Gt R, Zedi s
kA R 11 ikt —7 Bkit—5 ke — ik
o SIS, S Kb RN )3 2R v 2k, e
HILR ST, PRIE T % s AR . 5 SC#k[20]
1) SVM AHLL, AT R4 I a1 il SRy A 4 ) 7 ik
T 2T o B B I, A5 AT AH AR T %
ARBES, KA 7] ARG 2 67 ik o
Wk, MHASHIRE.,
323 PAIEGIT W IS D e

FET TP SVPWM [ 25 1 il v] LA R 3
K73/ X, AN R UE DI 5 2 LE AN AR, 3
B b8 LL AR R AR e . H AT, A SCER
XF SVPWM [R5 W il 75 P2 1 | 1 B ) 4
N, 23 LR T AR AT IR I . A SRR A
SEBR TRERE, BEATT 7 404 BBCS FlI 3 4340
CSVS ik Lb & A AR X B SE 56, S50 i % an
Kl 15 fiose

ME 15 FTLLE H, fEAFES SVPWM [F]35
SRl RATE N W= o B R VY P £ s 9 2 NS SV
T B4R 2, X B R KA T AR SR
e, 18 ORI RER 588 o LRAUE DI A 5 200 LU OR R
AN, AR )




RIS — PPV RM SVPWM [R5 il S 3937

d TR 2 lsd\ / d Fi S BRE isa
a*EEEIJIL ia . i «
/| y A u\ ‘ /;4 W "‘f il il ;\v"\/‘ A
w J\‘n,ut.,i‘:l'c’ 3 I f
m It
= ::m o am ‘: ) ;Z:
@ zoviaw I 2
@ soviav i I s e e

(a) 7 73 H—3 S Haitl: 12—6

Auto 85 168, 2016

(b) 7 3 Hi—3 3, AR AN

Bl 15 T[E455H SVPWM [E 48 HI & 1%
Fig. 15 Transition between two SVPWM modes

4 Zhig

AL 30° £ 11 434 BBCS SVPWM 4,
PEH T T IR AT SVPWM [R5 1 I Sk ms
AN ARE F T A2 A5 SVPWM [RE . 5
T3 A B A ) SVPWM [R5 1 I SEm& A L,
RS TR LI — IR e 2, AR ZEEAT = A1)
PRECE S, IEH TN SRHIET IO LI 7
15, ARHENT 30° #6711 404 BBCS SVPWM
YR TR 22

EEXE SVPWM [R5 I SRAT: i B ] o o Sk 11
30T T ] 5 T ) 8, A SC I I A AT T DR A AR A
FELFI 20 AT AL, FEORUE— /N XN T DGR BOA
PRI BT T, HEHRE— AR R 6T Y. ) 360°
KI5k 3 A EC X o KRR A BE SRR A [F] 3 4
SVPWM [F]25 1 I U e ] A A7 S8 L Y S B AN 5
AR, W OR HHL RS SR AN R A T B

FETIFRMA SVPWM  [) 25 18 i 5 (43 14

PSR, SR B, SEOLE N R, oA
SN RN, BRI R ket DR i
AR PR R AR o

S 30k

[1] Patel HS, Hoft R G. Generalized techniques of harmonic
elimination and voltage control in thyristor inverters (Part
IT): Voltage control techniques[J]. IEEE Transactions on
Industry Applications, 1974, 10(5): 666-673.

[2] Holmes D, Lipo T. Pulse width modulation for power
converters: Principles and practice[]M]. Wiley & Sons,
2003, 45(1): 71-77.

[3] TR, Zmk, HWHE. JET TMS320F28335 (1)
SHEPWM #(75HL[I]. dbRis0il K% 4)k, 2011,
35(5): 89-93.

Wang Chenchen, Li Ruifu, Zhou Minglei. Digital
realization of SHEPWM based on TMS320F23885[J].
Journal of Beijing Jiaotong University, 2011, 35(5):
89-93(in Chinese).

[4] JHWIE, WA, EERER, 5. REE OB KRR H s
ANEBAFIEHTI]. B TEAREM, 2013, 28(9):
11-20.

Zhou Minglei, You Xiaojie, Wang Chenchen, et al.

Harmonic analysis of selected harmonic elimination pulse
width  modulation[J]
Electrotechnical Society, 2013, 28(9): 11-20(in Chinese).

[5] BujaGS, Indri G B. Optimal pulse width modulation for
feeding AC motors[J]. IEEE Transactions on Industry
Applications, 1977, IA-13(1): 38-44.

[6] Buja G S.
inverters[J]. IEEE Transactions on Industry Applications,
1980, IA-16(6): 830-836.

(7] FWG, WA, EBER, A5 SRR N PWM T
KAV BB PRI T[0]. B L T RE 4,
2014, 34(15): 2362-2370.

Zhou Minglei, You Xiaojie, Wang Chenchen, et al.

Transactions of  China

Optimum output waveforms in PWM

Switching angle calculation and harmonic analysis of
current harmonic minimum PWM[J]. Proceedings of the
CSEE, 2014, 34(15): 2362-2370(in Chinese).

[8] MM, EIRER, WA, FET AR ANLE T REEEM

CHMPWM D sfmg[J]. = E L TFRE244, 2016,
36(14): 3955-3964.
Zhou Minglei, Wang Chenchen, You Xiaojie, et al. A
switching strategy of current harmonic minimum PWM
based on the stator flux trajectory of ac traction motors[J].
Proceedings of the CSEE, 2016, 36(14): 3955-3964(in
Chinese).

[9] fTMESE, CFR, Vg, 5. T2 SVPWM
SR R K ) 2 25 | L 59 A28 TR SR [ 7] R TR 2
#, 2012, 27(3): 92-99.



3938 H R = 5 38 45
He Yaping, Wen Yuliang, Xu Junfeng, et al. High-power frequency[J] . Transactions of China Electrotechnical

permanent magnet flux-weakening strategy based on
SVPWM[J] of China

Electrotechnical Society, 2012, 27(3): 92-99(in Chinese).
[10] Narayanan G, Ranganathan V T. Synchronised PWM

strategies based on space vector approach. Part 1:

multi-mode Transactions

Principles of waveform generation[J]. IEE Proceedings—
Electric Power Applications, 1999, 146(3): 267-275.

[11] Narayanan G, Ranganathan V T. Synchronised PWM
strategies based on space vector approach. Part 2:
Performance assessment and application to V/f drives[J].
IEE Proceedings—Electric Power Applications, 1999,
146(3): 276-281.

[12] Narayanan G, Ranganathan V T. Two novel synchronized
bus-clamping PWM strategies based on space vector
approach for high power drives[J]. IEEE Transactions on
Power Electronics, 2002, 17(1): 84-93.

[13] Narayanan G , Ranganathan V T . Synchronised

bus-clamping PWM strategies based on space vector

approach for modulation up to six-step mode[C]//

Proceedings of International Conference on Power
Electronic Drives and Energy Systems for Industrial
Growth, 1999: 996-1001.

[14] Narayanan G, Ranganathan V T. Extension of operation of
space vector PWM strategies with low switching
frequencies using different overmodulation algorithms[J].
IEEE Transactions on Power Electronics, 2002, 17(5):
788-798.

[15] Narayanan G, Krishnamurthy H K, Zhao D, et al.
Advanced bus-clamping PWM Techniques Based on
space vector approach[J]. IEEE Transactions on Power
Electronics, 2006, 21(4): 974-984.

[16] £, P/, EHE, 5. RIFRPEET SVPWM
)5 VR ) SRS LU AL (0], P B L DR 223, 2015,
35(16): 4175-4183.

Wang Kun, You Xiaojie, Wang Chenchen, et al. Research

on synchronized SVPWM strategies under low switching

Society, 2015, 35(16): 4175-4183(in Chinese).

[(17] E2L, A, BB, 5. AT T SHEPWM

F1 SVPWM [A]25 R il S ms LU T AT 7). FE L3 AR 23R,
2015, 30(14): 333-341.
Wang Kun, You Xiaojie, Wang Chenchen, et al. Research
on the comparison of synchronized modulation of
SHEPWM and SVPWM
frequency[J] . Transactions of China Electrotechnical
Society, 2015, 30(14): 333-341(in Chinese).

(18] EERER, JAWIEE, WA, RIIZASH A WL ik 5
FIURED]. HLEORYAR, 2012, 27(2): 173-178.
Wang Chenchen, Zhou Minglei, You Xiaojie. Research
on the PWM method of high power AC electrical

under low switching

locomotive[J]. Transactions of China Electrotechnical
Society, 2012, 27(2): 173-178(in Chinese).

[19] JEAZE, WAy, EBE. LI HIET PWM 17
EWTFUI]. AERUAZIE K244, 2010, 34(5): 53-57.
Zhou Minglei, You Xiaojie, Wang Chenchen. Research
on PWM method under low switching frequency[J].
Journal of Beijing Jiaotong University, 2010, 34(5):
53-57(in Chinese).

[20] Hifil, ARNZE, BEE, . JETREAR SR N 1
THREIEEI ], BB, 2014, 36(6): 35-40.
Dong Kan, Diao Lijun, Zhao Leiting, et al. Research on
overmodulation algorithm based on basic bus clamping
strategy[J]. Journal of the China Railway Society, 2014,
36(6): 35-40(in Chinese).

Yk BHEA: 2017-10-07.

EEEN:

KelE(1992), 5, WiLarsE, FE
FEE ) B AR 3 T 1 T,
EIA N I B N SVl i | N 0
908434778@ qq.com,

8 |
Sl

%

(RERIE  F4a4T)



Extended Summary

DOI: 10.13334/.0258-8013.pcsee.170216

A Synchronized SVPWM Strategy Based on Calculating Switching Angles

ZHU Longsheng, FANG Xiaochun, LIN Fei, YANG Zhongping, LI Hua
(Beijing Jiaotong University)

KEY WORDS: low switching frequency; space vector pulse width modulation (SVPWM); synchronized modulation; total harmonic

distortion; overmodulation

The number of sampling points per sector in a
given synchronized SVPWM strategy is fixed, which
means the carrier ratio for modulation is unbending.
When a PWM mode transition occurs, the carrier ratio
the
performance. Moreover, for a microcontroller with

variation will  deteriorate current  control
limited computing capability, if the carrier ratio is large,
the PWM computing frequency will be very high in the
high speed region, resulting in a calculation failure for
the modulation algorithm.

In order to solve the problems aforementioned, the
author takes a deep insight on a particular synchronized
SVPWM strategy named basic bus clamping. Tab. 1 lists
the switching sequence for 11 pulses BBCS SVPWM.

Fig. 1 shows its phase a pulse waveform.

Tab.1 11 pulses SVPWM switching sequence

Sampling points a/(°) Switching sequence in sector I

6,18,30,42,54 012—5210—0127—-721—-127

1.0 I
0.8

0.6

JF oK ff/rad

0.4

|

0.0

0 240

01(°)

Fig. 1 Phase A pulse in a period

Because the phase a pulse waveform holds half
symmetry and quarter symmetry, we can use switching
angles in the first quarter period to generate the pulse in
the whole period. First of all, we must derive the
switching angles according to the sampling points and
the switching sequence. For example, in No.l subcycle,
the sampling point is 6°, the switching sequence is 012,
its a raising edge, so a, can be derived:

2msin(_-)
n L, m (+sm MGy
15T 15 1043 5\3

Repeating the analysis above, we can get other

3)

Q

switching angles. According to Fig. 1, we can know the

S23

if
is

the
applied.

overmodulation principle switching angle
the

overmodulation process, the adjacent switching angles

implementation method During
gradually get close until it coincides; in the meantime,
the narrow pulse disappears slowly. The calculation
with
switching angles are as follows:

formulas overmodulation functionality  for

2msin(--)
B S s TV
15 1043 53
0, m2>M,
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15 1043 5v3
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a5 =95 1043
as —ks(m—M)), mzM,
Notes:
M, = 3 ——=~0.920307
14+/5 + 4sin(—
(30)
M, =0.9927

If the variation range of switching angles is known,
we can re-divide the subcycles with the premise that
switch transitions in a subcycle is less than two.

By analyzing the waveform of a particular
synchronized SVPWM
clamping, the author proposed a modulation scheme

strategy named basic bus

which is based on switching angles. Moreover, it can
also be applied to other kinds of synchronized SVPWM
strategies. This scheme is valid in the whole modulation
index range, and the carrier ratio is flexible to set as well.
In addition, it maintains the modulation gain constant.



