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Study on a Hybrid Method of SVPWM and SHEPWM

Applied to Three-level Adjustable Speed Drive System
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ABSTRACT: Three-level NPC inverter has been widdy
applied and investigated in high voltage high power adjustable
speed drive systems.A novel hybrid PWM method is proposed,
which uses asynchronous SVPWM at low frequency and
SHEPWM at high frequency, thus in the whole output
frequency range the low order harmonic is suppressed
effectively and high quality output waveforms are obtained.
One of the key problems of hybrid PWM is tha when
switching between SVPWM and SHEPWM, there may be
voltage jumping even oscillation. This paper studies the cause
of jumping and gives the corresponding sol ution, which assures
the smooth switching between SVPWM and SHEPWM. The
proposed PWM method is simulated with PSIM software and
experimentally verified through the three-level NPC inverter
ASD systems. Smulation and experimenta results prove that
the hybrid PWM has high quality of output waveforms both in
low and high frequency, and the switching between SVPWM
and SHEPWM is smooth.

KEY WORDS: Three-leve inverter; space vector pulse width
modulation; selective harmonic dimination pulse width
modul ation; adjustable speed drive
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Fig. 1 Space vector of three-level inverter

e AR A R B, AR N IO T
A

Ulta +U2tb +U3tc :U*Ts (l)

t +tb +t =T, 2

it =(1- 2msing) XT

.t =[2msin(q + p/3) - 1] xT, (©)]

[t =[2msin@ - p/3) +1] T,
Horhm=2U/V3(0EmEL) HiHILL, A4 X
S 2R H R S IR E A B B R R 2 bl FEER— K
FA XA N XN R WK 1 R . %K
T 7 N LA B DX A5 AS SR 1 A I 1) S A FH IR
JPR RS, NS

220

111 100
222 211

2 ZRIE-—BR=ERESHE
Fig. 2 Vector synthesis of three-inverter in sector one
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Tab.1 Output sequence of vectorsin sector one

B KRS

211-111-110-100-110-111-211
221-211-111-110-111-211-221
211-210-110-100-110-210-211
221-211-210-110-210-211-221
211-210-200-100-200-210-211
221-220-210-110-210-220-221
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Fig. 3 Phasevoltage of SHEPWM in three-level inverter
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Fig. 4 Gating of a single switch under
SHEPWM of three-level inverter

SRR Y N LR G 2 LR AN R 25 e/ Mk sl

T AR AR R (5 THD). THERET, 4 1 4 fnt
N[ THD E/NT23 2 21, {H2%5 583 5L R
(1) |GCT #s A A7 Ar 5 /N B A OC TN [R], 65 /I8 ik
AT LRGP o EEA ] 4 rp 2R AR R I 1R 4
Tk, 5 2 QAR N K o AT S A, AN,
Z 5K, AR SCR TSR 2 4T A FEAR
1.3 =8B SVPWM #1 SHEPWM Hy1j]#k

MR 52 B 67 B ORI 23K, AR SCHE/N T 45Hz
IR 720 SVPWM, JFCHI% K 600Hz, 45Hz
DL R SHEPWM, FFC A0 7, AT AW BRAH
HI R A58 4 1000HZ DL A HE = 5005 AR OE U -
Hig [, HE SVPWM 4512 2% K A AL R
SHEPWM [PAHALARIF], 5t n] DUk, Bk
W, W ASEHEA

iU, =U, cos(q)
! 2
:,Ub =U,,cos(q - gp)
: 5
[Uc=U,co8q +-p)
A N R EHR A A RN
U, :g(ua+aub +a’l,)=U,e" (6)

Bl SVPWM &5 58 27 i 2k st IRARAS i A AH FR
FERIARAT o SEHG IR A B F2 HR L T B8 23 BT 10 45 R
ANBEARIE SVPWM AT SHEPWM 2 [8] )~ e
MAELEFN. EAT BT 25 o A L DR 2 B i L
Rl AR AR R N K S PR s e A4S 5 S S B
(1) 5% B M4 58 2226 R B AR MR AR R AR AL A P g 2
JeRAMA by o SYPWM SR8 H, JTo%
iR, M SHEPWM J& T [A2DiRE], TR
— B, E AR A T g A A A B 1)
BRER;  — R F T B A B e X SR A B
S o AR A i Y IS A O

R T REYGXA ), SR A A R4 1) T
%o XT SVPWM, JFRA% N 600Hz, 7EZ% %
AN 45HZ I, fE—ANE N 2% % s AE 360°
25 1] PSR AE 600/45=13.33 1K, Hdhe s —IkIEAN
0~28°IX 1], X427 O vk NIX A DX ] 4 I A
SVPWM {j#:4 SHEPWM . 1fii A SHEPWM 1] 5%
SVPWM B}, A0 A AH AL 3 N S — [ £
X Al A P44 SVPWM . i FH#efr & e,
MGFT AR EEN, RS dEat -, @
TSI L AT, nT DA B0 R A5 R

PDF SCHHi A “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

5 16 ] 5KIK A

= L SEART I 2R 45 SVPWM FiI SHEPWM T4 18 il 77 VLA 9T

75

2 HEMR

5 1% 1250kW = HLSP- AR S T R 42 1047
PLHLSHER] . KH AC-DC-AC 45k, A3
6kV LR, Zid— YYD A g5 G, i —
WA B L S B 12 R ARG e 2 ANERAE

FL B EAECRYH IGCT, difdt BRI o s A
PHL A, F RPN % . WARER AR > 1 12
AN IGCT M1 6 AL A 2 B i Fi s L At
WEA LC IR A RERE NN, d e e
LS

lo
= ] a x x
5 & & |—§\|—1 L? < sﬁ j j
3 L. &x oFF iy B iy g
1 L ——d ) Y) (™)
5 X TC ﬂ_Csz I oFF I ¥ | o
5 & & l_gJ_| r'% B < o . m
= wo sd ]
E5 =®BFEaigeEl
Fig.5 Themain circuit of three-level inverter
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Fig. 6 Simulation waveforms of SYPWM method in
3-level inverters
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Fig. 8 Experimental waveforms of SVPWM
method in 3-level inverters
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Fig. 9 Experimental waveforms of SYPWM and
SHEPWM method in 3-level inverters
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