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Modeling and Simulation of PMSM Control System Based on Matlab
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(School of Communication and Control Engineering , Southern Yangtze University , Wuxi 214036 ,Ching

Abstract : Based on the mathematical model of the permanentmagnet synchronous-motor (PMSM) , a novel
method for nmodeling and simulation of PMSM system in Matlab had been proposed. In Matlab/ Simulink , the
independent functional blocks and such as PMSM block , vector controller block , hysteresis current controller
block and speed contmoller , ect. , had been modeled. By the organic combination of these blocks , the model
of PMSM could be easily established. In the double loop of control system , a PI controller was adopted in the
speed loop and a hysteresis current controller was adopted in the current loop. The reasonability and validity
had been testified by the simulation results. The novel method offers a new platform for designing and debug
ging actual notors.

Key words : permanent-magnet synchronous-notor (PMSM) ; modeling and simulation ; Matlab ; vector control

BEE M A FROR R RN R Bl
HERIE M LR AR IR & R KB R 25 F AL
(PMSM) S PAIRE HE T~ B A . PMSML AR R/ 4
BEfr MR A EMS MEEERSEHR .F
B THRETZMNAMER T EE PMM K

Yks B EA 2003 - 10- 09; fETTHHEA 2003 - 11 - 06.
EeU B HETMELRTIIE (03085) K BIRA.

FSURM NP ZE XY RS RAERIRITERD
HREE REEERAREZEHEEEE XNF
FOU=HIMERELF TR BMESF R B 2{E
STERE PMSM 2 R R R (T BB R 9 AR
ARt ARBYI R ERRAI KX RE .

EEEMT: T=K1979-) B ZHEAA EHELEEF TRTWMEHRE.
LB (1959-) B AIFMNA TEEE B mtASH. TEMEENBRTFSERSERNHR.



116 I8 K

FHRERAMNZFEWR

E3H

£ Matlab H 1T PMSM BB E T EZHHRE
ZRE. RATRBEREXNBEIIER RS
BTHM BEIE m Kﬁ: VI PMM B %
UM XL R ER—FBAST L IELE
BUERY_EEBuR BI B A ORI M BR A ER B B B AR
THEE ATERRX—FE FERE T —FHE
B PMSM 18 77 7% g F] 2 TR 1k | 7E Matlab/
Simulink EE37 9 37 B LI BE AR HR : PMSM AR R38R K
EIRFER AR B IR R 1R )RR %
BT HBERSE NIXLIhEERBETENES B
AERE KBRS BRI RSN HEER X— 75,,#
e R ERB R ERER RN SR AR K
EEE?E%IJ RESER T2 BE FEE R UFIR T %8
SERIRIE S RE S

1 PMSM RYEREA4ERY

UZHSBEE=ZM7RESRE 547 PMM
MEAER R RET DT RIE

D) AT EXNR SREZ ALK EFH
TR D0 B RFR

2) ZEtE JEAEEN B R N EFR ST ;

3) BIRGAEEFAREYIESES

4) BEREAER A THRIRABOEIRFE .
M= ANBEFEHERRN

.=—4.K|J

Uq

A uasupsue NEFHSREABRE (V) siavipaic B
EFHEGLHEBR(A) ; ea~ep~e. NEFHEGELHBRNFH
(V) ;L HEHSENB R (H) ;M ASRASAH
MER(H) ; p ASEFp = d/dr.

=SSN ERERE BSEHRE NE
i +ip+i. =0 (2)
B
Mi, + Mi. =- Mi, (3)

K 2) I 3) KA () BEIBEHRERN
Ua r 0 0 a
ub] =10 r (J { ip| +
U 0 O i
0 iq €q
[ 0 NJ D i;] + { e;] (4)
L - ie €

TEAH f‘iE’] %Ezz%ﬂi?&l_‘tjj

T, = Co(eaia + epip + ecic) (5)
A © AR ARE .
B RRER
T, - TL-Boozj‘(%::anw (6)

AT, AR T, KR B NEHER
0 AENRENRE, n, DRIEL

r 0 0t 2 EHF Matlab § PMSM R 1= B ph 32
ul =0 r O ip + .
U 0 0 i ~L
o o i e £ Matlab6.. 5 f4 Simulink 335 T FIF SimPower-
ML M] o i +| e (1) System Toolbox2.3 B FIAEIREE 24T PMSM #13
v m L . BEMNEM E B TES PMMBEHRZHTEE
B T5E REEITERRL
A R, gFiM ZEN -
. abc i, -
—= A sEMAR | E A iy
A » =
o i, li]t
' mgl
. Vok S A g‘g;; T v
T N
LR E

1 PMSM 25| R EERARIER
Fig.1 Block diagram of PMSM system composing



55 2 HA

Z=ZR%E BT Matlab 5k BEE ZBAIZFI R G EEE 117

PMSM BRI B R 55K i WHAIRMEHI TR ¥
EREIREH PLIETI 2R MIAK FE R ER R FR T ERE T3 2844
AL AREERAERNEE KE 1 PG RE
DEIAZADINREMIZ A9 THELR E 2 Bl PMSM #
BB GEGIER AP EEGE: PMM K FiE
R RBIEHIER AR IR R R I H R
BR R BT AR AR T EAR R AN A R AR R
BYXENEERNEIES BT & Matlab/

Simulink #53E & PMSM 2B R M FEZEE I
SCIX AR E HIEE .
2.1 PMSM Zs{figiR
EENMEFHRANHERE R PMM AR
REHEENISH KIRAE PMM BN AFRE
M OZERAIEARBREREEFEREGEN 4@
MIEERE U~ U, KEL PMSM A BIR o~ iy,
PMSM A ISR EEMIINE 3 BT,

!

PI ¢
Ty 1
43 i i =nr" ' dg/abc
S 45 b =AT,)
sAn EEE
—
dq/abc
iy
g i,
HE

Ing | P ] -
W g | M kB i
# 1) g N %%El
J—> % jﬁifﬁﬂjpmqm SpP&
iﬁtﬂ l
PM-SM
B LAY
R

2 Matlab/ Simulink Ff PMSM {}5 B 2 188 4 HIAE R
Fig.2 Block diagram for modeling and simulation of PMSM in Matlab/ Simulink

O— "1 Y-
in_1 nwe D
- a
i out_1
7]
@O——
in_2
P i
o iq
3 » U out_2
O,
in_3 i

3 PMSM A{RIEIREIHE E
Fig.3 Block diagram of PMSM block architecture

XF IR E) 25 R AL (PMSM) $ A% B ) FR Jk T3 72
(4 BT abe/ dg BIFZ, TG dg BIFRTH
REHER

Uy = rig + p¥, + Y,
(7)
Uy = rig + p¥q - @Y,
Her:
VY, =Lji,; Ya=Lia+ Yy

LAY Y, B d g BETHESE; Y, WEEFREAXY
EFHIRZHE Lo L, 7 d~q HEGRARR. i, TIERH
REERIE 4 FR. B i, THRRNINEEZSE
MK (7) iy, FIERMERS i, THERFAELL.

1 - » > @
O U, + L,os+r|
in_1 ‘ 4
- Sum out_1
o b Transfer Fen
-x
in2 " VL

* | Product
@ ;
i

in3

4 iy FRIRGEMIEE
Fig.4 Block diagram of id subsystem block architecture

2.2 REEHIER

PMSM HU4% iR 2 3 Fl e 15 7 IE 5208 BB AR
SARRN AR BB AR PR IRHAR
HH=FEEREAEZR FHit IRBARE
B E FIELME GEBE ZTERN PMSM B
RGN BB FZEAERMNNSRR. RER
FIMEARBER BB LEITRATHE TR
R ionip~ic B =4/ FHETHR, SRR A
IERFRATHRZRER o6  BEEFHIZEDN
i, SN AR LR R TR ia~iy.
i BETFERVNPABEER, i, S TERVIAIE
X EE 7.

REZFIERTIMHZE PMM IR ERFIHE
FEBHERERABE AEDFIERMA : abe/P
TEIRFID / dg #EER . abe/ P FHERTIHE abe =



118 TEXEZEZRERBZER

E3H

HHED FmENESE, KEEMNE S iR BAR
abe ZFAMRFRRE U, U, U (VTR R FIER A T
M=t EESIHESE) HHAA B 8RR

THEMESEZEMEBE b MG, X—INEEH abe/P
ETHT (8) LB
2 1
b="[U,- (U, + U.) ]
3 2 (8)

U= (U + U/

U,
in_2
O @
: u. Gainl * out 2
in_3 ~

5 abe/P RIS IERE
Fig.5 Block diagram of abc/ B block architecture

B/ dg FERFIEAZIHNRZ® mEFL
PFRRE dg PIANEF AR RAIZ IR KRR A AN E
6 TR WA RNERESO M ae/P ERALHSD
FIARMEFEE b M g Jat s dg 2ARE THRIPAEA
RE U, F U, X—IRER B/ g BETHE (9) 32
n

U, = Uhcos© + (psin©
(9)

U, =- Uisin© + Uscose

in_3 W R
o P )
+ U.

in_1 Fenl

6 B/ dq WEEHIER
Fig.6 Block diagram of OB/ dq block architecture

2.3 AIRTIIER

AIFTIIERTIM R dg TEFE PR R T
TEAEERIR i~ig [0 abe BELIERFRRBI=AEAB AR i~
ipnic NEREH. SREFHEREL AFENF
PR BK - dg/ B HEIRFNB/ abe 1R, dgy B 1EER
SLH R dg B ED AN TR ERNKES
A& 7 Brom  IHAEE dg P HRT#HRFER (10)
L

{b = iq0s© + i,sin®
(10)

B = iy sin® + iqcose

in_2 b

in_3 sin(u)] R
Fenl » X -
cos(u B ou'

7 dg/ B HEBIER
Fig.7 Block diagram of dg/ B block architecture

dg/ B BIRHVER LI ED WA abe =
MR ER KR ENE 7 Fior  Thegm B/
abe AT (1) SEHL -

i. = b
lp, = - 2(0 - »/éﬁ) (11)
i = _;'(b +J§B)
1
- i out_2
ts out_3

in_2 Gainl

8 B/ abe NEEIER
Fig.8 Block diagram of OB/ abc block architecture

2.4 FRHIRE HIER

BRI EME HIAR R SC IR PMSM HYFEEREE R
BEEE MANZHESERR i, iy ~i. A=
SERREIR iqip i S AFE R BIEGIES HERES
BIANE 9 . HEFFERR TS RAAERER
FHEIR LR BRIV ERBERY X 2 AH IE 15 38 LA | %
i S SKPFRREN S E R B REX T IR
BRMNIRER XN ERXE ARSE. EFEES
HOBERIREE B AT {5t SE P BR AN W BRER 25 FA R Y
R SRR IR
2.5 EEEHIER

EEEFIRROERR A E R E 10 Frox,
BIgN - SERENLIFRENZE; Sl =4
SERERNEE L. 2P, K 79 PHEFIRSH P(EE
BHSE . K T, 73 PLEEF SR IR NS,
Saturation (BN PRIEE S W =SS HER
HIREREEZKERENA.



Z=ZR%E BT Matlab 5k BEE ZBAIZFI R G EEE 119

Relay out_1
[ Ls ;C)
— 2
Relayl out_2
= L, »(3
—l-‘-' Ll
Relay2 out_

B9 rmwEIE G REIEIER
Fig.9 Block diagram of hysteresis current controller

block architecture

@ speed error
in_1

K/T, Limited
integrator

10 ERE =R EIEE
Fig.10 Block diagram of speed controller block architec

ture

2.6 FAEITHER

PMSM AR B R N R AR FE 2K (5) BEAT abey
dq T FI1S FRBLEEFE

To = 3np[(Yyiy + (La- Lg)idiy) /2 (12)
RIE (12) ATEILINE 11 BRmIFFETT EER &
BES AN NP iavi, BT MEIERE KIS
RutEEES . B 11l F, 38K Y, BRNRYE
(6) HBBEIE QR EU R EREE, BY
M R  BAEIERES  KENERE
SENROMABERILERES ATRTRER
AR AR AR R A B R SR ORI
AR B R AR Fp AU TIR TS AR E .

11 BFRETHEEREEIER
Fig.11 Block diagram of torque calculator block architec

ture
2.7 HEPTER
EFTERSTI T T 2EIEE A AN

BESHBERTREHEREHNYETEFES,
Hit 9 = Huk R . TZAEIR AT SR A Matlab6. 5 9 Sinr
PowerSystem Toolbox2.3 $2 fHt A 18 F 1 LR IRIEE |
AFE 3N IBT MR KmH R EFHEER R
& IRIERRSTEHIERA L NEGIES 26 6
NI XEEHFIRFF S B X HT MM =4 =48 R
i

3 MEER

fEE R T Matlab/ Simulink 3377 PMSM #55| &
FHEZER FXZERFHITT PMSM X FIRE
FIRGMHESLE . PMSM BYISEIRE 7 HBIh
R p=1.2 kW, HRHBE v=22 V , EFHEHER
FHR=4.29 FF d tBEHARRKL,=0.026 H,q 1
SREAFERX L, =0.065 H F51EE 7 =0.001 8 kg m” ,
BEFEE n, =1 800 r/ min FRITEL n, =2.

AT RIUEFTZITRY PMM 26 RS H EE R
BOANME AATRBY . FHARSE &
t=0.4 SIEMAE 7, =1 Nm A BEIRFEE
o a HERM  HRBHNBHTEHLZIE 2~F
15 Fi7=.

HRFERFEATUEL FE n. =1 800 r/ min F5
ZEHRT RAEMKIRE B FR AHBRRNKR B
REERAERE BB RARFEREEE B
MR A ERRANERMBE RS SEERN
RIBIEAT B EHBRIZITH BB RSN
BEREEAE H Mt A B B REEE MBI AN E 71 =0.4
s ISR E AR A4 R (B X IR K E F) -
BRES BN EERZ FEFEFEE 13 5 =0
HEE AUMEEREEA XETEZHBEREM
FERBIME B 23 SN E ISR . (T R & R
AR T A TR X FHT R PMSM I BT AR
BRUE.

4 % it

£ 4T PMSM SRR R EAE E IR T —F
PMSMEZFI R AT EEENF L L iz ENA
F Matlab/ Simulink 3885 T~ PMSM 12 B 191831 5K F
KREREH SR AEE BRI AR H 77 A 3%
BEDEHFT TN FEXRERETR RER
ERRONT RFARFRET AEREFNHE SIS
FRE SR 1Z PMSM I EHR Y, AT AEFE SO
RIEEHEZXZ, AFXN WS I EER
BHTE RS 2 00 1) SEI IS ) SRR A B R Bk 2



E3H

120 TEREZFZREARABEZEM
22451 3
18001 V- 2
1350t g
E £ —
e & :
* 900}
ol
450,
0 1 1 1 J -1 L o i )
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
B [8)/s 2T nj/s
12 FEIR0AE R 2% 13 FEHE0E R 2%
Fig.12 Speed response w=veiorm Fig.13 Torque response waveform
4r 20(
Zh 10T
\ fﬂ B it A
< of l 2, of ‘
= I ' t‘, o ’
-2t -10¢
-4 L 1 L s =20 1 i 1 )
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
B /s B f8)/s

15 a fAREHERIT
Fig.15 Emf waveform of a phase

14 a AR
Fig.14 Current waveform of a phase

RE S EEPIE R AISKIR R EERAS B 2 ) SR g
PRt EH L ERAURL2FATENGEN RS AR R 7S BEIIES RRRM
it BIBRRARSREXANMARERT  TAZMFRMIA bAKEFEETIZES RRNIR
RAZKREZABLRFHTRINRENF BT HREKRE T H0 R,

#ANA AT SRS T RAR TR RERUE

S 3k

[ 1 ]MLLER TJ E. Brushless Permanent-Magnet , Reluctance Motor Drives[M]. Oxford New York: Clarendon Press , 1989.

[ 2 ] PLLAY P KRISHNAN R. Modeling , simulation and analysis of permanent magnet motor drives , Part | : The permanent magnet syn-
chronous motor drive [J]. IEEE Trans on Industry Applications, 1989 , 25(2) : 265 - 273.

[ 3 ] PLLAY P KRISHNAN R, Modeling , simulation , and analysis of permanent magnet motor drives , Part
drive [J]. IEEE Trans on Industry Applications, 1989 , 25(2) : 274 - 279.

[ 4 ] PRAGASAN PLLAY KRISHNAN R. Modeling of permanent magnet motor drives[J ]. IEEE Trans on Industry Hectronics, 1988 , 35
(4) : 537 - 541.

[ 5] IRFAN GQUNEY, YUKSET OQUZ, FUSUN SERTH.LER. Dynamic behavior model of permanent magnet synchronous motor fed by PWM
inverter and fuzzy logic controller for stator phase current , flux and torque control of PMSM[J ]. IEEE Proceeding from Hectric Ma-

chines and Drives Conference , 2001 ,12 - 17: 479 - 485.

[I': The brushless DC motor

(T#5 126 D)



126 TEAZFZERERRNZEW %35

ZMTUR BB EFHEAERRINES R EETHHEATRANERSERRKAN. &£
HRERNERES. R B SCHRRE T — TN EXE RS R
5 Lewis IREM TR ERBSHELL, ERXTF B TELZEETHHEBNTRKANE
IREEBEXEHOBNBRREENMPHN, 7 WIS SERE M5 —7nE, BEEILER
BAEAEBNEX. Levis REBYEMESEAY RSN EREREXRENTHI. £T85
REFRREHAIRER R TEABRXNEBE B FEEFE-NMT2EENHS Bt 2 ITEX
XHNSTARBMONARERARSETELE SEERHRAEFGTIEENEX.

[1] BRADSHAW M. An introduction to software agents[ A ]. In: Bradshav M ed, Sotware Agents| C], Menlo Park, CA : AAAI Press,
1997.

[2] SINGHM P. Multiagent System : a Theoretical Framework for Intention[ M ]. Know-How , and Communication. Berlin : Springer-Ver
lag, 1994.

[3] WOOLDRIDGE M J , JENNINGS N R. Intelligent Agents : Theory and practice[ J ]. Knowledge Engineering Review, 1995, 10(2) :
115 - 152.

[4] KB , H8R , REF. Agent IRIVRELZREH ], WEAEZFH , 2000, 113) : 315- 321.

[5] FBCHE , RIKE , RiSH F. BESFCIM]. T PLIRZFLRRM , 19%.

61 fuss. ALEREM]. 4B RELhRA | 199.

(7] B 35 fifEER. TETZEEBFR(M]. BRIF. B EEFESCHARY | 1980.

(8] RREM. TFBHESHL(M]. 2£1EF AL HEHRRIFHAMR , 199.

(SRS BT FBELD)

(B2 120 )

[ 6 ] BOLOPION A JOUVE D PACAUT R. Control of permanent magnets synchronous machines a simulation comparative survey[J ]. IEEE
Proceeding from Applied Power Hectronics Conference and Exposition , 1990 ,(11 - 16) : 374 - 383.

[ 7 ] HOANGLE HUY , Modeling and simulation of electrical drives using Matlab simulink and power system blockset[J ] . IEEE Proceeding
from Industrial Hectronics Society , 2001 ,3(2) : 1603 - 1611.

[ 8 ] LUK P C KLEE C K KWOKN M. Development of a low cost software package for the design of a brushless DC motor controller[J ].
Proceeding from Hectrotechnical Conference , 1994 ,(12 - 14) : 1306 - 1309.

[ 9 ]LUKP C KLEE C K KWOKN M. Hficient modelling for a brushless DC motor drive[J ]. Proceeding from Industrial Hectronics,
Control and Instrumentation , 1994 1(5- 9) : 188 - 191.

[10] JEON Y SMOK H S CHOE ET AL GH. A new simulation model of PMSM nwotor with real back EMF waveform[J | . Proceeding from
Computers in Power Hectronics, 2000 ,(16 - 18) : 217 - 220.

THEHRE FBEH



