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Sensorless control of PMSM based on voltage vector pulse method

SONG Zheng-giang' , JIANG Fan’

(1. Department of Automobile and Electricity Engineers, Yangzhou Polytechnic College, Yangzhou 225011, China;
2. Road Engineering Management Department Binzhou, Binzhou 256600, China)

Abstract: A new approach to sensorless speed control and initial rotor position estimation for a surface permanent magnet synchronous motor
(SPMSM) drive was presented. At a rotating condition, speed and rotor position estimation of SPMSM drive was obtained through a self-a-
daptive flux observer(SAO) by only measuring phase voltages and currents. The initial rotor position was performed by using the nonlinear
magnetization characteristics of the stator core caused by the rotor magnets. Experimental results show that in both steady and transient state,
the system can achieve expected performances.

Key words: permanent magnet synchronous motor( PMSM) ; sensorless control; system simulation; self-adaptive observer

U5 RS2 U 138 P MR (07 B A 3. o — 2

0 51 & g A I (5 0 (R P 500 7)o

Lt 2e 80 AEARLIA , A [R) AR i A L LA e e
FEAGE LE | RE R I R ORI S BE , 7R /N
FROKS I N B0 A Jie FOB A S, 51 T BOR B i
W AEREHOE IR S R G, TS
], e E A AL R 22 A r LA DA IS T i (H
JETESEPRN I b HUB A% S B A TR R AR T 1R R 58
A RTSEPERIPLAR S R, J v T REERIMTAG o A, 75
— SRR MO BRI R PR I 6, JO AR I 45
HAE T EEE A, HAT, S EEE TR T

o5 B #:2010 - 08 - 06
EETIE M POIL R LR R4 9T B) 5T H (07T02)

HILERTHL e 5 R AR, 45 B 0 45 HH R 1 37 i i
SRR, I T Ao A A I e R AR AT R O A
il o AR TT A A S A o S LA AR
R T S0 A B ) o o 2 T — S O AMEE EAT IR,
(7 P 30 75 S AL A LI 45 L A D0 WL % R 2K 2
W ARG & o 5 A7 R R LAY 25 )
™ SRR R AR AR A A RS S, A
A RGN A T A . RE AT
AT T00 B TTIE B, (H R 2RO B Xyt

PEB BT RIESR (1974 ), 55 WHLESRA , WP A, EE A FHRALT7 i 5 v ML 7 B9 F5Y. E-mail: Zhenggiangsong@ yahoo. com. en


http://www.a-pdf.com/?product-split-demo

5512 1

RIESR A H T 0 5 AR 19 PMSM. A% Jedie 2 il - 107 -

FOKBERP AL, <L), TR0 i =g [ 20 H
B, 7 i b AR LA T 107

AT XS X — A 00, 4 Hh— b A PR A2 1 3 A
Sk Al TR 2K % [F) 20 R ALIs AR S T i 5 1 r
H ;R VVPM( Voltage Vector Pulse Method ) J5 % 1] &
TRy AR 0 H Ok B, R 1w B o, O
NREEAH I LR T i 7 A B H O, AR i O A A8 Ak AT DA
R E e+ N A B e B 7 B . 7500 4R 008 45 5 1Y i
P&, A Matlab T X B A 95 il R G AR (5 5L 40,
HEEREW] @BV S m AT, Tie e S M5
HPRE AT BLUF I PERE o

1 KRG [A] 25 B AL Y s 1 AR

— 1 2 W K g 1] 20 F S LA 2 18] S 1A 4
1R

p-axis

g—axis d—axis

a—axis

E 10 R ] it

LR TR
[u,, :[rs Ol[id]+[ ) w][%] ()
u, 0 r iq -—o pily,
WS TR
e
v, 0 Lq iq 0

o p— MAF T p = d/dir— T S AGEALH
B Ly oL, —d SR SR 4 LR U, U, —d A %
QLB E s B FAHE 31, ,i,—d AR g HhLR41H 3
o — KRR .

2 HOE N R L g

TEE TR AR S B TR

vS = r.V iS + % ( 3 )
TR
AX = L‘Vis + L”lireier (4 )

Ap L, — KRBT = A i R §,— KRR TR % 1
B b A SRR 0,— Fe T A

H(4) RRAKX(3) .75

v, = I, = %(Léié + Lmi’ejﬁ,) (5)
BIES] L, = O (D, FoRIET D) 15
- d, . .
v i = g (bic Pye) (6)
ERPIABUNE
f(vs —ri)dt = Li + @pe .

P (7)) Fefa—IUREFF 5L R -
Dpe” = Dycos 0, + jBysin 0, = Dy, + jDp, (8)
X (8) Mgt g SR AR PR P 4«

by, = [(Vy = ri)de - Li, (9)
Dy = [(Vy = rig)di - Li, (10)

OO 3 O 25 -
0, = arcsin Prg (11)

PRa

PR AL F AR I3 B 7 R A T R S U B AL
E T AR — SR ML SEL, T2 LS R /) o K R
[ 25 B AR FH B R SR i A T 2 1 B I, 21 2R e
i HERA A A T H0 O 7RG BE ROAE, 0T AR Al
TR AESZAEAR S5 A8 WL 5 PR AFAE R W) )
RIIE 3% AR5 HAME A SR WA, BT 4 2R 578
RigfE T LM — B AR B (R 2 BR) o [l
AR AR TT N AR S B A T AR
RIMEAR /NS B Bt s d R BRI IS O T
PR AU AR 25 B R (R, T8 R T 1 A M B e 2%
[7/(1 +7s) ] KAV RESEAL TP AR 388 (1/5) R
TEE AR 5 W RESE I AN 3 BT o PR L, AR T B
RGP 52 0 A i, LATK B AER Al 1 HRE 55 Y H Y .98
T, HE A ML MLAR ) 2R e e sh A5 1Y, FA7 510 I s AN RE TG
RGBSR

20

w

P——

>

wn
T

Fhix linkage | Wb

<

I
w

<

0.2 04 0.6 0.8 1
is

B2 (B AR R O3 (0 B e o 2%



- 108 - HL EE)

T 821 %

Fhix linkage | Wb
wn

[l

|
w

i
L

B3 SRAUE N R PO RERE 2k

X HLOR FH—Fh B 38 N7 P PR 2%, BE A% sh 2 R iR
FE T 0 AR AR TR B R 2 i TR
Pt AME FICREAE, Rl BF 25 & T aiBoraa#1 1 iy
UEPE AR P LA, R iz T v A B v A E,
AP KT AL R G ARG R T L 5 N ) 10 i B
F i ALY SEPRRE B o

ZEE R T A R o S R LR B
WEAZ TR A Bk v B ) 1 A ke I 7 FH T R A
TR e A S s iz HL 3 2 ) 8 1 A2 B, FH IE 5 A N 4 i
IRZEE S, & —AN B — B3R5 2577 A A R A £ b
PEREUE R KNl T ke (FE 5 5 1 Fn e,
AMEZEFEE MR AE A P2 [ AN AR )

. cem, +

Ay = (kp +£)AB fBI A/\Ia

- emfA,

(12)

S

SIHEHERE AFEl 4 5%
LI

s+, [+

= - . a7 F
| A emf,+ A, emf,
| A
+ .
A _O. ‘ 14l J
S+0, e from Pl from
XY ¥l IAe op

io {o
lﬁl S+@ o o

S+,

4 [ NI AR A5

3 BT pndn AR5k

KGRI AL AL AR 3 X T HALES B2 — MR
SR IR, Wi FREL SPMSM %% T 4G 7 B 15154 -

(1) 385 45— M SE 4N B L A e 7 sh 21 e
BOEMNLE

(2) AEff ki e R A Sl A

UnRAR S B S A T UL I s AT, W 7 20T
L I A5 107 BEAG S D78 o FURT, L8 — 2855 14)

ARG DT AR Ok H R X LT A R ZHGE

T HEEC PMSM, 2 AR 85 P # 5X PMSM X} A [A] 4 %
A B RO ] Y
3.1 HEERSEXEE(VVPM) HEIE

BT T — P LG5 SPMSM #5107 &
(77 1%, BV R R AT AT IR T T
AR L AL R AR o 258 7 SRR L L 7= A i R 3 15
TRES R, R P A BELCR R , E T RL D R
Z WA RVRR A 5, WERHAE /N, 5 T LR R IR
A DA A F R AR AR AR AR T iR L B R

WS Przs oy PMSM AR AR 2 (CHErR o0 S it i
MR, 0, FR R T 5 o BHICA) o

0,
Ntk

A\\\ﬁ

¥

FA R\

KIS HERERE

e g 28 HUBIL G A [) 8 Hl P O o, LS AH
JO7 FEL T B oo Bl FRL O o BB P TR R R T R 1 N A,
TGS AR AN , AL A Xl P 3 L 2 T o T
FEAIT S W A S S R T ol I, AL ) X P Y0 2 ok
o PR, G A X A AR A A B OR A, T LA H A%
TGO B AR B XA IT IR A I R T AR ) FRL U
I, BT AN Z LB RO AG R R
3.2 VVPM ¥ =45

a6 PR IERE R T,y I AT LR — A1

{8 1, 0 E— MR ALY 7 R S A B T LR A
o, HorBunT .

45.6

QA 454 .—/_\/\
<
= B2 South North
S 450t pole pole
44.8

0 90 180 270 360
FKlectrical angle / (°')

6 Al B E TR AR

1, =1, + Al,cos 20 (13)
I = Iy + Alyeos (26 + 2—'”) (14)

3
Ie = 1, + Alyeos (29 - 27) (15)

3

AR S P EZ 25 LN

Aly =1, -1 (16)
Aly =1, - 1, (17)
Al =1, — 1, (18)

R R A M AL A2 A B R BRI DX 55 5 IV A ol



5512 1

RIESR A H T 0 5 AR 19 PMSM. A% Jedie 2 il 109 -

TERY DXIAH O o 42T B AR F I 22 (8 7T LA B M M £l
SR AL E BN, AR A AHZE(EERK, 84 B .C AT
PSR R % 7 o B B2, O B2 (14) BR L7 R X
(15) SR JEH a0 (17) (A (18) fUA TG
Alycos (20 - 2?11-) = Al cos (2.9 + 2?“) (19)
I = R Al 153 2007 1

cos (Z—W)
sin (20) _ \ 3 ) (Al - Al)
cos (20) sin (Zl) (Al + Al)
3

(20)

TR (20) BEATA5 2 SEBR A 07 B AE A
% 0 AN AT cos (20) = 1,sin (26) = 0.4
T B AR — 2 B XS, TR — 2R

(Al - AL
(A, + AlL)

XH k= cos (2m/3)/sin (2%w/3) .

XA PR 7 B AR B 1R 2 5 0 H e Ok B 1Y) £
HERA GG b AGEIRZENIZTE 0. 937 5° LI,

4 fiEsHr

R T BRI A R o7 R I T ik ) T
PR ERRTE , DL RS sh SRR, 285 | BRI
Matlab T B #1715 L5, RGEHEE QIE 7 Fiw,
TG FRIEA A E I VVPM LI S84k 3 ok e B 5% 1
WIHRALEAH T A AN O 5%, FR AL LR 5% 3,
VVPM R EAE o e 10 e o Ak T 0% A 1 X
AR R GRS R A AR K
: 15 A Y

- JES— 1
n L 2b PWM

(21)

T RS

¥
TAIE
&S

K7 REHERE

HUHLALEE M2k AN 8 Fros , fE K2 0.02 s I AL
IKF] 1000 v/ min F3AEL, 7ERE A sl B b, 5%
AT — LB, KRR G (HER E AT R R b
IBRIRRASE

LA LFEHE/(r + min™)

-10

0 0.05 0.1
t/s

K8 AL B 2k

5 SLEmZER

TESCY0 L B, F AL BE A X R 3 R i T =K i
g IR A L, BARS BN R 1 iR .
%1 SPMSM BASH

B E TR 1.2 kW
0 e il 6 000 r/min
B B 400 V
B B 2.8 A

TEABIEGE A BRAR L T 28 W) (9 3 s 80715
SAE A (DSP) TMS3208240 , F 58 U S RGEHY &
PR T ALEAG . ARG s
66.67 us,PWM HIFF 8%k 15 kHz,

E T ARG o, W ZEACHIZR AN 9 i, HLAL
RO AP 10 Fros, gy B ], B AL AT LAAS
RS B 81T

fagitraiag o 0w
IR

19y, AL
CH1:1div=0.35 Wb CH2:.1div=0.35 Wh

& 10 HR ML B R #5 i £k
CHI1: 1div=200 r/min CH2: 1div =21

6 ZERiE

e St 0 v XA A 1) A | AL TG A% SR 42 ol v A e o
FIAFAE R 0] L, ARG B T T — AT P A 1 3 7
(F#% 120 m)



- 120 - HL EE)

& o527 %

4 ZERiE

HFASEREE T B AR LRI EOR B 2 UG T K
R AR R B ASIREE R 1 B AR AU Rk e Ak T B —
oER B, AT Je R RIS R RS AT 42 JR)
SRS, 0] Y S T 7 B2 R 80 AR R AR v R s —
FRTCHIL V- AR IS A R TR TR 1 5
AN JE R AR B TRV, I Ll L3 o ek 2858 7 J3E R A
{EL, i AR IR B AR R R, (5 ELSEBiE ] T
L AT AT A R

52 3Lk ( References) :

(L] BB HLas AR ERSETE G BT [ M. 1. B AR Rt
PR kL, 2009.

(2] # &0 %08 R, BIPES AEARITR RS
RALI]. HLESA,2002,23(5) 475 - 480.

(3] SRR RSLm. Bahblas A te il RIBoAR aFTE SR 5
RRERFLT]. AL —A1L,2009, (3) :35 - 38.

(4] IR, AL, JETHIK 5 i RS ShAILas A S-S A ik
)] Mles A\ ,1996,18(6) ;344 —348.

[5] LIU Yu-shu, DENG Hong-bin, XU Yuan-qing. Obstacle-

Avoidance Path Planning for Soccer Robots Using Particle

[6]

(8]

9]

[11]

Swarm Optimization[ C]//Proceedings of the IEEE Interna-
tional Conference on Robotics and Biomimetics ( ROBIO).
Kunming; [s.n. ],2006:1233 —1238.
ELLIPS M, DAVOUD S. A Multi-Objective PSO-based Al-
gorithm for Robot Path Planning [ C ]//Proceedings of the
IEEE International Conference on Industrial Technology.
Chile: [s.n. ],2010.465 -470.
METEA M B. Route planning for intelligent autonomous
land vehicles using hierarchical terrain representation[ C]//
Proc. of IEEE Int Conf. on Robotics and Automation. Ra-
leigh: [s.n.],1987:1947 - 1952.
T, 2222 JL T A AL AP AR LR [T ]
T2 5L, 2005 ,22(6) 198 - 100.
FEL PR , R R AR, A ST V. T MRS 125 A ML A A B A ML Rl
PREHR R BELR 535 [T ], P UG K 24 2 4, 2007, 7
(2):58 -61.
KENNEDY J, EBETHART R C. Particle Swam Optimiza-
tion[ C]//Proceedings of IEEE international Conference on
Neural Networks. Perth: [s.n. ],1995:1942 —1948.
PN U RTR AR P BRI REOL AL O R B L
AN A R AR LRI [T ] FE ] S P9, 2005,20 (9)
1052 - 1055.

[#RAE .5k F)

(L#% 109 ®)

U0 £ 1 TG 7 5 R B2 A SRR AR I ) O i JR R T
XAl SRAFEG R n o B8 T VVPM 35 I8 E 1
AT 20 R A FL AL ) A5 Y R R R
5 30 X 3 R G A AR I ARAR F LI A TR
BT EMEERES . SRR, %7k hg
g 3R A LB RN A 30, O REVER A TH3% 7 M

S % 3k ( References) :

(1] 8, B UE. Fuzzy-PID R34 i 45 7K 14 [R) A0
HLH AR ). AL T A2 ,2009,26 (4) 42 - 46.

(2] skme T,k . BT DSP YK G IR 45 e sh Lo 4 il
&[], HLH T ,2009,26(5) :82 - 85.

(3] E B KWERIAL L shpL B e f 42 ) R e i 0 JAT5E
[J]. WL T2 ,2006,23(4) ;41 —43.

[4] WU R, SLEMON G R. A permanent magnet motor drive
without a shaft sensor[ J]. IEEE Trans. Ind. Applica-
tion,1991,27(9 -10) :1005 - 1011.

[5] KIMJS, SULS K. A high performance PMSM drive without
rotational position sensors using reduced order observer
[ C]//Proc. IEEE-IAS Annual Meeting,1995.75 —82.

[6] KULKARNI A B, ESHANI M. A novel position sensor elim-

[11]

ination technique for the interior permanent magnet synchro-
nous motor drive [ J]. IEEE Transactions IA, 1992, 28
(1):144 -150.
AIHARA T, TOBA A, YANASE T, et al. Sensorless torque
control of salient-pole synchronous motor at zero-speed oper-
ation[ J]. IEEE Trans Power Electron. ,1999,14 (1)
202 -208.
LORENZ R D. Future trends in power electronic control of
drives: robust, zero speed sensorless control and new stand-
ard approaches for field orientation[ C]//Proc. IPEC Yoko-
hama, 1995 ;28 - 34.
CORLEY M J, LORENA R D. Rotor position and velocity
estimation for a permanent magnet synchronous machine at
standstill and high speeds[J]. IEEE Trans, on Ind. Ap-
pl. ,1988,34(4) .784 -789.
SCHMIDT P B, GASPERI M L, RAY G, et al. Initial ro-
tor angle detection of a non-salient pole permanent magnet
synchronous machine[ C]//IEEE Industry Applications So-
ciety Annual Meeting New Orleans, Louisiana,1997:5 -9.
KULKANI A. A novel position sensor elimination technique
for interior PMSM [ J]. IEEE Trans. Indus. , 192228

(1) :144 - 150. [ 4mig:5k )



