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Study on SVPWM Strategies for Full Range Operation
Based on Field-oriented Control
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(Department o f Control Science and Engineering  Huazhong University of Science and
Technology,Wuhan 430074, Hubei,China)

Abstract: A novel overmodulation technique for SVPWM based on field-oriented control was presented, by
which continuous and smooth transition can be realized in the full voltage range, Due to the modification of the
reference voltage vector in the general overmodulation method, the field-orientation can't be guaranteed and
torque ripple is also introduced into the field-oriented control system. In order to maximize the utilization ratio
of the voltage and minimize the torque ripple,an improved PWM modulation strategy for full range voltage out-
put was proposed. Experiment results verify the feasibility of the proposed method which enhances the output
voltage of the inverter to expand the operating speed range of the motor and achieve faster dynamic response.

Key words: space vector pulse width modulation(SVPWM) ; field-oriented control; overmodulation strate-

gies;maximum voltage utilization

nn\:

1 3]

2RI E B PWM, % I T8 b HL 3878 I
o He o R 102 BB A AL ML — A B
A 8 A R K R IR E R
. o FUE 0 ) VR R o R SR A/
i P B 0 1 R R 7 3
FERA.

R FE SVPWM £ il ) oo, FE 0 31 725 28 46t o
FE 56 B A R (7 0 X K 9 U /3 T
52 FE o R R BK T3 2U /B o B R
PERBIE I T 10%. M T 95 LA % B
AR E IR B R B R E T AAEE

& E B 8 E K% T (2009ZX04010—011)

EX. AERLWE G EMEEE L, XR(1]E
SHEERES R 3 XA KA X A X
I . JAMXT. 2348 T&XEHEERRR
WA ORI W BEEETT HERS BT
LABET N EHR HREERNELZE Fik
BB BIE RIS 7 EEPROM R AIEL
BERXRTELATRER BRARBEBERELT
6 B RE HEEEERR, HRA LB &S
X BB B, O3] AR K % —
A—FEHEK EATEELHR, XR4154
T2 - 3]t A B ek s R e I X T
FAXE2IGE S, S X 1R AXER3]
BB o o T XTI K A L B B UK HE 4, SOk

EEEM: R E(1985~), 8, M+ HF 4 , Email ; guangyunzhao@163. com

22



Rz . F AFRBpLaRHGLEEALERE SVPWM %%

©AEFH 200045 F40K F108

B-4mteEEESEHER T XE1- 2],
SCEROS JE e/ i 7 1% 40 0 B/ L 1% 22 5 9
HEDBEEHRESAHOBE RERETHE
B, PR 3 3 ) R B 4 R R A R R R R R B
SBAHSHES B ESHRENRHBENE
HESBHE,NHSBESERE/PHEMIRE
A R RS AR TR S X R
HELAG R MR SHKERES, AHTIT
B, XB6]7E B R RE SPWM R L,
BEEZMHEZAGHGS LENTFSE, D4
BHEFALAT 8 ARFKHEH SVPWM, 75 i B 5l
EScERO7 1% ek {1 ] R v I g B R F B R R
¥ SVPWM th, s R i E B9 B B A
K, EETE 6 MBS H.
MATHSERBHZLE DM SVPWM, &
165K 4 0 B A 3% 40 ) 4 TR0 B O 3 3 3ot 9
M E R AR REHE R, R LR A E
SUTIER A % B R 5 19 6 3R R e o A
R RIREBRE R, A AT T 3 18 # SR B
HER BT B RT3 YE R T
ERmUENER. SRS ARNEER
HE B -HEHNLEEEESE SVPWM
REE, T LR EHFH#ITTEREIE,

2 SVPWM A AR Z#

EHEEMEEREIAROTFRAGHT R
AL 6 MR BEAREERBM 2ATHE
REBIFENS N 6ABX, ME 1 FR, £
MAENSERERR U ol HATE B KA H
BEASERBMTRBEHA MR RIEREF 5%
JUET AR it & K B AR R (LA X 3 8D

_ . x_
t —ﬁTPWM__Udc sin( 3 &

t; ='\/§_TPWMJ5_|‘Si00 W
de

to=Tpwm—t =1,
RP U HNERBRBEE; (U IMIRF NS %
HEXBU MIEBHESHEA; Town PWM E§|

Rt .0 T REFEAEXBRU,U 1%
FEERE,
FEUT ARG
ty 12 < Trwm 2)
HBRORAKR),BE.
U< Vs (3)

V3cos(n/6—8)

ARG T H,SVPWM st E X 2R
FUl 6 MEARERBRANTANENAES
RRUAN, EEEXEHEXRBEU BHEHEE, %
KM BEEEERAEESHR 6+ Towms
B 6 A VR ] X 7 R B R R AL

Uo11)

Ml zEaExERER

Fig.1 Diagram of space voltage vectors
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Fig.2 Block diagram of field-oriented control system of AC machines
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Fig. 6 Experimental curves of full region voltage output

SCHRI8]H SVPWM £ 4 i3 i 5 8k 52 B B A
R X415 8 T X#1- 3 H Mk
ROERARGTLERMOMRT  RARXNY
LA SVPWM Rk 5 FRBHEE#FTT
0~2 400 r/min¥% & By BR W B X L LB, B T7a,
B 7b 73 U4 T A& 05 B 5 4 vk R 1 7 B %
SC 00 B 3 B Bl 2k % o 7 0 B 4B R U
S, M8a~E 8 HHNALTAXFES X#

26

(4177 B3 b SC U B9 % 3 Wil [ i 4% S 3 17 4 4 46
W R 3 R L L

ES 9173

KA %

=4

t/ms (10 ms/#&)
(a) F5 3 BYBRW ] 2%

Nk
KRBk

Atllms (10 ms/#&)
(b) ¥4 i Pk i 4R

a/r-min™ (500 r-min"/H%)

/A (2 ASE)

=

M7 AXHERSAERARTESHLERHE
Fig. 7 Contrast experiment curves of linear

PWM and proposed strategy

£
£ X%
8 RRATT I
)
'E o= 4 Ims (iOIm;I?‘B) """""
K (2) R MBCWIR H R
€ K3
o [ XTI
§ 0
t/ms (10 ms/4%)

(b) FeAEHB A B2k
g A3H
=0
<
= tms (10 ms/k)
% R[4
= [}
g
" #/ms (10 ms/H¥)

(c) ke i ot %

8 AxFHEIXMMU4IFEMLTRMLE
Fig. 8 Contrast experiment curves of literature[ 4]

and proposed strategy

HE 7. REE AN T REABNER
HER 1800 r/min, RAAXMW T EBRHEET
ik 2 400 r/min, SRR H FBEA L, A X ER
WERAEE, ™A ERAMERE, %y &
AAMRESEEAAR RIS REITHE.

mE 8 ATA, AXFESXM4]0 &M
HAEBERBEAE R EREERTE
2 400 r/min, ARG H A S AH X fE, XEK[4]6
FREREERMAMGEGRRY AR KES,
XEATFHEBRERBIBEMBAFERESIE



REF ATHPTORMNGLEB S EHE SVPWM £

w4 2010% F40%K HloH

9 . T A% SO 7 o o 48 I R B0 . BB AR XX
) 7 o R AT R PR R B Rk 3 RS E e
AR

5 ##

AU EMARERNRENIEE, 2/ T
SVPWM HEHF AN RAHENEm, 58—
FRSCEL 4 Y5 B IR W 4 8 SVPWM A i R Bk,
TRERZW BEMOFES TER EBRIELTE
FEEMEEERG L. TURERENT SR

t 4

{1] Holtz J. Lotzkat W, Khambadkone A M. On Continuous
Control of PWM Inverters in the Overmodulation Range

Including the Six-step Mode[J]. IEEE Transactions on
Power Electronics,1993,8(4) :546-553.

[2] Dong-Choon L,Myoung L G. A Novel Overmodulation Tech-
nique for Space-vector PWM Inverters[]J]. IEEE Transactions
on Power Electronics,1998,13(6) . 1144-1151.

[3] Bolognani S, Zigliotto M. Novel Digital Continuous Control of
SVM Inverters in the Qvermodulation Range[J]. IEEE Trans-

(5]

(6]

(7]

(8]

actions on Industry Applications,1997,33(2).525~530,
Venugopal S, Narayanan G. An Overmodulation Scheme for
Vector Controlled Induction Motor Drives[ C] // Interna-
tional Conference on Drives and Energy Systems in Power
Electronics, PEDES,2006:1-6.

Bon-Ho B, Seung-Ki S. A Novel Dynamic Overmodulation
Strategy for Fast Torque Control of High-saliency-ratio AC
Motor[ J]. 1EEE Transactions on Industry Applications,
2005,41(4):1013-1019,

G-Myoung L., Dong-Choon L. Implementation of Naturally
Sampled Space Vector Modulation Eliminating Microproces-
sors[ C]// The Third International Proceedings in Power E-
lectronics and Motion Control Conference, IPEMC, 2000,
2:803-807.

Yuntao Y, Zhixin C. A Novel Naturally Sampled Space Vec-
tor Pulse Width Modulation Algorithm[C] // International
Workshop on Intelligent Systems and Applications, ISA,
2009:1-5.

Texas Instruments, Implementation of a Speed Field Orien-
ted Control of 3-phase PMSM Motor Using TMS320F240
[Z]. SPRA588,1999.:24~32.

HH.2010-02-05
6 20 B #9.2010-04-22

(E#F 21 T)
B AL M BB B . E A T
4 618 i RO LB T R R IR ) KT B
KIREMTE T B0 A T8 ke
FEAREMK. FHZrEX TEET Rt aR
. NERERBH FRBHBNERE—EH
LRME. Rz, b F & E SR RMES,
AT RERAR KT REAMLE .
BHREITHERBREE —EHRE &
FME 7 kHz, HTHRBAIR. BERITRER
R i 0 S A TR 8 R 2 ) K BT T DR A
FRAERBRDBE TEMERQBE, AT
WA TEFHFOTESRE, T LSRR
IR REAERN, RS EENAE
BRI R A (8] 6 AT AR BB B AR A AR TAR IR
B B B BT ORBE o — R B R S B R AR
HTHE— L HBR.

SEIM

[1] Zhang Zhuoran, Yan Yangguang, Yang Shanshui,et al. De-
velopment of a New Permanent-magnet BLDC Generator
Using 12-Phase Half-wave Rectifier[ J]. 1EEE Transactions

(2]

[3]

(4]

(s]

[6]

7]

on Industrial Electronics, 2009,56(6) :2023-2029.
Krishnan R,Rim G H. Modeling, Simulation and Analysis
of Variable - speed Constant Frequency Power Conversion
Scheme with a Permanent Magnet Brushless DC Generator
{J]. IEEE Transactions on Industrial Electronics,1990,37
(4):291-296,

Lee B K,Ehsani M. Advanced BL.DC Motor Drive for Low
Cost and High Performance Propulsion System in Electric
and Hybrid Vehicles[C]//IEEE 2001 International Electric
Machines and Drives Conference,2001:246-251.

Halvaei Niasar A, Moghbelli H, Vahedi A. Modeling and
Simulation Methods for Brushless DC Motor Drives[C]/
Proceeding of the First International Conference on Model-
ing, Simulation and Applied Optimization, ICMSAQ, 2005 ;
05-5/05-6.

KE HEREMEPRRARNAM]. LR KT E S
Rt ,1996.

FEL,FEHR, C504 76 H W K F e L8 % b oy i A
[J]. A FHA,2002,36(6):34-36.

RBHB. FREARAKUARALERENBRRE R
1. s FH A, 2008,42012).76-77,

Tk 5 3 - 2010-01-04
B30 B 8 :2010-04-08

27



