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ABSTRACT: A novel carrier phase-shifted sine pulse width
modulation (SPWM) strategy was proposed in this paper by
introducing unipolar SPWM into cascade multilevel converters.
The amount of pulse width modulation (PWM) pulse
generators of the proposed modulation strategy is only the half
of that of the traditional modulation strategy, which is of
significant theoretical and practical value for the digital
implementation of cascade multilevel converter. The two
modes of novel carrier phase-shifted SPWM were given. The
frequency domain modulated model of both modes was
deduced. The harmonics feature of both modes was analyzed
and compared, which is verified through simulation.
Simulation result includes that both modes are equivalent for
single phase system, and mode 2 is better than mode 1 at
harmonic feature for three phase system. The thermal stability
of novel carrier phase-shifted SPWM was analyzed and settled
by an easy scheme. Experimental results proved the correctness
of theoretical analyses and simulation research.

KEY WORDS: novel carrier phase-shifted SPWM; cascade
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Fig. 1 Voltage source single phase full-bridge converter
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Fig. 2 Modulation principle, output voltage waveform and
trigger pulse of each switch of regular unipolar SPWM
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Fig. 4 Single phase cascade multilevel converter
(a five-level converter as example)

AHA AR A (R BB AR KA 2 21/ (N o) o

2% SR Bl SPWM A 2 Bl B AR I 61 77 =,
RS W, A SO R H B0 SO ket SPWM
HUE B AHRS SPWM Bk 5 X —, KR 2k
[FIAH LB M SPWM (158 T B0 AR SPWM F- 2k J7
2 W

15 BT 2k BRH PR R B 2R T F P AR AR
Ji I asAT Lol b, & 5(a) 2k P8 HIE A
FUn GBI T UM Ues U 5 U T T H A R A
FHLE AR TC LA, um 5 uc B HS k5 5
Pres s 2 . B 5() i HEE S, A
TLHF . B 5(C)~(F) 2 N -V T 11 Vs VTRl
VTl B B ugiis Ugais UgiaFlugaz, e Hruga Al
Ugio N THTTE,  UgaiMlugeo PWMIEE . R WL T- i
M AR g, SR R BB A B SPWM B R i 2
ANPWM A5 5 1R A% GE I BT SPWMEL A
W5 4 ANPWMIR A%, BRI AR SPWME AR
AT DA R IPWM Kk A4S, XA

(b) favth LR

(€) VTuWahfss

A
Uga1

TR,

0 wt

(d) VT WENFS

-

(&) VT Wahfss

NTEACATUARRIDT,

0 ot

Ug12

_Y

A
Ug32

(M VT W35S
5 SRAMBZIEER SPWMAR—)RIEE
R PRERKETRRETIRE
Fig. 5 Operation situation of single phase five-level cascade
multilevel converter with novel CPS-SPWM (Mode 1)
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Fig. 6 Modulation principle waveforms of Mode2 (N=2)
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Fig. 7 Output voltage waveform with spectra of single
phase cascade converter with novel CPS-SPWM (N =2)

Kl 8. 9 B iN=3 i, 235 RH T —

J5 2N BEAT 05 T A5 2 1) B R O B A D’J
BIE, WLURIL = FAH X RHIT—IA
T o IEEAE D, R T XIS A N o A&
IS . AH 2 35t H s 145 18 38 W 72 44 (totall
harmonic distortion, THD)%} 7!} 16.3%#/1 15.85%,
ZEEA K. Bk, X HAH RGOk, RAE T
M7 AR A e X, (R AR IR
MHEAK

T = AP e RGOk UL, T B
e 3 REEEA, DRI BB A AR R A IR I o
HARWRR, W07 X R st s e 17 A,
{RIX PR BAE N 3G bnm & s/ . B 10, 11



32 S G 1 M DR - S 4 %30 %
400 500
>
g o s 0
400 500 . . .
0.00 0.01 0.02 0.00 0.01 0.02
t/s tls
(a) FHPIE (a) HridE
100
o 100
> 60 80
S 40 > 60
20 S 4
0 Leanll ™ " 20
0 20 40 60 80 100 120 140 160 180

(b) % tH B A
8 N=3H, RAAX—MNRERALKETREME AT
R ESEGASI LR 1, KSR A 1200 Hz)
Fig. 8 Output voltage waveform with spectra of single
phase cascade converter with novel CPS-SPWM Mode 1
(N=3,a=1, w,=1200Hz)
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Fig. 9 Output voltage waveform with spectra of single
phase cascade converter with novel CPS-SPWM Mode 2
(N=3,a=1, @.=1200Hz)
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Fig. 10 Output voltage waveform with spectra of three
phase cascade converter without neutral wire under novel
CPS-SPWM Mode 1 (N=3,a=1, @.=1200Hz)
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Fig. 11 Output voltage waveform with spectra of three

phase cascade converter without neutral wire under novel
CPS-SPWM Mode 2 (N=3, a=1, w.=1200 Hz)
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after disposition by equation 6
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