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Predictive Control with Variable Amplitude of Voltage Vector of Surface
Permanent Magnet Synchronous Motor Direct Torque Control System

LI Yaohua, REN Jiayue, SHI Haohao, YANG Qidong, MENG Xiangzhen, QU Yafei
(School of Automobile, Chang’ an University, Xi’an 710064, China)

Abstract: Based on the expressions of flux and torque of surface permanent magnet synchronous motor
(SPMSM) direct torque control ( DTC) system using the amplitude of applied voltage vector as the variable, the
values of stator flux and torque at the next sampling point after applying voltage vector with different amplitude were
given. The object function of flux error and torque error was proposed. The predictive control would select the optimal
amplitude of voltage vector to minimize the object function. Simulation results showed that the PMSM DTC system
under the control of proposed strategy worked properly. As the predictive control selected the optimal voltage vector
from aggregate of voltage vectors, more voltage vectors would lead to better control performance, at the cost of heavier
calculation burden. Control performances of SPMSM DTC system were given using 9 methods of dividing voltage
vectors. According to control performance and calculation burden, dividing voltage vectors into three equal parts was
an ideal way.
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voltage vector selection; predictive control
0 2 = FRBA SRR RO E VRS (S5 T 5455
o s, R T 2R R B g s 648 DTC
ARG D AL (PMSM) BRI M (DTC)  BORIETIF ISR, AR 3 5 55 R0 5 1 1 % Wt (.

# BERIH . R HAREREG I H (51207012) s BRPYAE TALRHE SO H (2016GY-060 ) 5 Bk P4 45 SR L K B Sl B AR 3 S0 %
TFRCHE 40 H (20138812002 ) ; i e i A HE AR L 55 9% L 5195 42351 H (300102228201 )
YEH IS 20 (1980—) , 55, 1L, B0 BIF S 07 1) AL P2 S BT RB RV AR R
A8 (1995—) 3 BP9 A, DR 07 16 L L 4 SR RERA R oA



PSR HEA | EMCA

&AL D AEH) & 2019,46 (1)

RS MOE T HEHE A AL E - IR ek A R ik
PR A7 A YRR A H T o S TG e R R i
ARSI ) EEOR o PP R BT SRR IEFE R HL R R
/N B[] IRy 22 6 e i AR R Y 42 1) 25K, A
M= A AN PG R K 8l , JF it — 213 T PMSM
DTC RGEH R R X8 O JLEAR A A T
AR DX 14 L e 14 T S BRI
BRE] o SCHRL9 ] 45 i — i At i O B B 407 5%,
P e SR SR A A A6 B I A 4% X I 1 P 20 2K
HLR R IR ELIET 2 o 1750k AT A BRI T e 3%
KRBT IE AV FE RS o Ao % IR R OR, L
KA X RERE R EL B AE I RCR B ik, Al
DLRE HL Hs O i A D 9 1 A R 4 vy R ek
AEo ANSCEET LAAR T O B MR D 728 B A R 5k
i F] 25 F AL (SPMSM ) ik AV o T A, >R FH Tt
P AT AN (] P O S R A4 R — I 221
TR RN AL, 06 496 fol 1 B P P HE 1R 25 1 A R KK
Fe/ N L O W AR R e L AL, AT A —
2B A e R i, E— BT T 9 RhAE o EL
e R AR 0 7228 i 9000 47 i) 2 e ) P2 L 80CR
26 M T A MR T 4 o e AL 19 2500 T 2K

1 SPMSM DTC 7= & {& T 0| 4 4

SCHR[ 84 i} SPMSM DTC £ 4t it e Ok 1 ok
FEXBINIE 1 pros . BRIE b, HOEAL T 08 45 X
8L e SR 2y T 9 A2 DTC 2R 580 1 B A 5 L 1Y
SEDPERIEER o O T e SR DL R (B A P e R
it A T 3 M AN (5] W ) Pl T O X 1
AR

Z‘I,,[
ZV,
—|

L s

LV
ZV,

wl

CRENGVIPS et RS

2R E 1 PR BEL S I i o L T O A 5[]
Jei T REEE N
P b+ 1) =~ (k) +V(k) A (1)
e . (k) ap (b + 1) —— 55 k2RI & + 1
I} 20 % ¥k B 5

i =Tk 1)
£ [ T

V. (k) —— TN o s Ok o
(L) RTRD, X PMSM it it L s 2% i A 5
)5, E T REBE AN 2 s o Herfr, o St fin
O e O 5 1 G R A, Al D it N L s %
A E TG AE L

tpx(k-'h I }
V. (k)- At
/ﬁx

B2 Friitete

HI P& 2 RIRD, 280 2 53 2y 5 | ) 2 R AR
o, e st Vo AERTR 5 k+ 1 I 2058 1 e ik
AR o, (h+1) FOEEHEf 8 (k+1) 435 an=X (2) Fi
X (3) PR

. (k+1)=¢.(k)

q=V.(k) - At/ip (k) (2)
S(k+1) =8(k) +Ad =

1 +¢° +2qcosa,

8(k) + arcsin gen &

(3)

1 +¢° +2qcos a
A g, (k) Sk V.(k)—45 k %05 T R
WA 2ot T P, 20 i R 01

SPMSM &6 77 F R
g
T = Tde/fsm ) (4)
K T——HRH
p—FEHLAR X5
LJ_E%%@;

TR
Fa0(2) (3 AKX (4), AT 15 SPMSM #£
55 k+1 20 F R N
_ 3P¢f ‘zs(k)
2L,

T(k+1) 1 +¢° +2qcosa -

8(k) + arcsin g51m «

(5)

sin

1 +¢° + 2gcos a
RE X SPMSM DTC 2 4o % J M A5 1= 22 H A
PRECNZ(6) i .

2

? [$:—$4k+w
+ ~
o

(6)



&AL 5 EH) %W 2019,46 (1)

Pl SR HEA | EMCA

K T ) —— RGN S % 5 R8T 6
R o
A (6) Al AT, it A s O A A [ 52
FIb RS P BT o v 9 B ) MR (L — DR o
SCHRLO 1 45— bt i ri s R4 07 56, A s
SRR AR S B P 7 R % DO £ - o 2, LT
I i FL 10 5 DAy 7 4 Fi T Ok A N T HE U [

U(lc
7 K/NH 0.1x—
J3

JE XA Vo

A BTt I A9 R 2R (S T T 2 S 436 IX 38 4 )
oy 2k, B R SR AE R n AP EAR A T
(2) FnX (5 ) THIMNA: H g Jon AN [5) i 1 A R 2K AR
FHIT —H %] SPMSM 7 ¥~ 41 R B FN % 06 . 4%
HARAZK(6) , /T4 n ARIE 1 B A5 R EUE , ik
P4 BAR R g Fo/ M HL R R IR EAE N T —
i 20 it ) L P R WAL, B AT T — B 1 it
IR SRRV, (k+1) .

BEF 900 42 ) (% SPMSM DTC i It H e 2%
HIREE RN 3 iR, K3 F o flrsa
A R I S e B RS 5, 0, b R G RE
fANLE .

AR LR L

T 5 L M 2 A 4 X 3

s g D BRI T 4140

i o oL S AR

R % =.‘.:|h;f1iri; « W‘:n Pm

TSR TR B R
VDL
T+ LI 20 b el Hi

s

T 5 4 gl I B L TR SR BG40

e fo

Ao 1 20 o ) e e 2 ik

3 Fe DI A T R 96 SR AR

#£F MATLAB/Simulink 757 SPMSM DTC 2%
WR (B TR0 4% ) 2R Ge 0 AR A, LS HUN T : R
GERBERWI R 5x107 3 B4 4N 60 v/min; 2
FEFERIAG R 10 Nom,0.3s BBk % 30 Nom; 2

FE F HEEEURAE A 0.3 Wh %6 J i 26 58 B2 O
0.02 N-m ;5 W 4% W {8 iy 28 56 B2 R 0.002 Wb,
{5 5 H] SPMSM 28 4n3k 1 iR .

AR SCHCHEL R % 2 A8 i A T 45 326 {1 0.1V,
0.2V..0.3V..0.4V..0.5V..0.6V..0.7V.. 0.8V, .
0.9V, .V, 10 NAE & A8 g B F i 4 ), 2
WEBEINI 8 F WA W L AL A% S | R L R A
A FHE R BEIE S A Kl 4~ & 8 Fis,

*1 {HEMA SPMSM &%

e ZHUH
ETHMR/Q 0.2

d LR L,/H 0.008 5

q AL L,/ H 0.008 5

T WESE /Wb 0.175
WX p 4

EEERE J/ (kgom?) 0.089

FhAHJE F/(N-m-s) 0.005

il BEWD
=

-04 " L '
-04 =02 0 0.2 04
aliifiEE/ Wb

S A R 37425/ B

04 0.8 1.2 1.6 2.0

BS  E TR

B4~ 8 W, e i i ok A8 g (R 0 T
SPMSM DTC R&tiafT RAf, & 1 REHERIL 0y PLAE
 BEBE RV R B AT 5 P ] 20K, B o R R
SETHULBIEIE X



PSR HEA | EMCA

&AL D AEH) & 2019,46 (1)

o
=]
™
|

£ aof
= 20
22
ok

L ' L i J

0 04 038 1.2 1.6 20

s
K6 HpLiEH

ARE T LA
=

st : ||' \l[ I' U I-lli '
s IARERE
8 AE TR

2 WERBEESE ST RYW

LSO R BRI TE 10 4> f 2 f  Oc
BRI TR R, Be b, i SR 8 H
2 TR i 2R e P ) R, (R R GEH R
FHWB . T OCH T 9 FhAEo LR Ok R i B A 1
B, 3 HTAE O P e v s O B B0 H R A 0
PERIRCR . 1 B R BCR , AR SCE T H
PR BT Y g, ARSI TT AR ZE T, se
TRERENK S XI5 MR ZZ W, s TE RIS, 50
M= (7) ~3(9) PR

Buve = (7)

(8)

Z; (g, -’
lprip_RMSE = - (9)

A n—FEARSE

TOCEA AR R S IR A R (0.1V, 0.2V
0.3V..0.4V. 0.5V, .0.6V..0.7V. 0.8V, .0.9V. . V.)
TEE5FI(0.5V,\V,) PIAE 53 FPE &0 T 1 H bR ek
B Dk B ARG B VK sh iR, il 9 ~ & 14 i
No TEEEOLT B AR sRECT YE AR ksl
D7 MR 25 FIRG S WK 3l 15 5 i 12 25 431 R 0.006 9
0.813 3 N-m £10.005 3 Wh; Fi%/% m F H AR
BRESCT- A L S Dk 3h 4 0 S 15 2 R B Tk 3
Y997 MR 2 4% %] M 0.011 5,0.890 4 N-m £l
0.005 6 Wb, fjj 5B FPFE-Hr 48 i 58 45 R 3R
P s M N il € S s R 1T 5 O (S = T
WH R,

010~

0 0.4 0.8 1.2 1.6 20
ts

K9 20 H bRk e ¢ PP

0 0.4 0.3 1.2 1.6 20

B B kb wb

K11 2RI R EE bk sl



&AL 5 EH) %W 2019,46 (1)

Pl SR HEA | EMCA

0.10-

Bl 12 550 HARREUE ¢ PP

K SN - m)

0 0.4 0.8 1.2 1.6 2.0
1ls

B13 ARSI A Ik 5)

B BN EN /Wb

1 1 1 1 ]
0.4 0.8 1.2 1.6 20
is

14 ARSI Lk s

9 AR 55377 2R, SPMSM DTC A% i e i
M AR GTR AR ok BF- 24 E e R Tk 3 42 05 R
DRIEMIBEHE K Sh BT iRIRZE IR 2 P

®2 HEHEER

S T RS SRRk ShI R BE Ik 335
TI{E %22/ (N+m) FrRIRZE/ Wb
2 0.011 5 0.890 4 0.005 6
3 0.007 3 0.742 8 0.004 9
4 0.007 6 0.801 0 0.005 2
5 0.007 5 0.821 1 0.005 3
6 0.007 6 0.799 8 0.005 2
7 0.007 5 0.822 7 0.005 4
8 0.007 6 0.8149 0.005 3
9 0.007 3 0.822 8 0.005 4
10 0.006 9 0.813 3 0.005 3

b bR KT S {8 2 Rk s 4% 7 M e 2
FE K BT MR 25 5 2 MU S R OB AN A 15 ~
K17 R

.,
11}

H bR 0T
E=3

2 3 4 5 6 7 8 9 10
s

K15 FAReREer(E

AR W EN Y T LR 22N - m)

T SNk sl 1 7 2w

K17 REBERK SIS IR R 2%

D EHF 45 R - 24 e O 48 R (E 55 70 K
RT3 LUs , BARRECFEE e bk sh 3 I iz
ZEMEERENK S O iR 22 TR E . NIk, B8
Bl NG AH 2 i L T 4 A K P O R
{H =850 B BUAE I 25 73 07 3, U 25 18 HL
&8 4 (0.33V,.0.66V,.V,)

3 % iF

ARSCHEET DL A e Rt R {EL R 722 1 SPMSM
TEBE L RE 7 e, SR B0 42 ) 31 55 4%: 1 it A
(7 L S W {9 T — I 220 o B PO P L, B 4%
(o S AP R 5 2 ) s R S/ 1 P W £



PSR HEA | EMCA

&AL D AEH) & 2019,46 (1)

VE R EACAE , T R — B 20 it o %) flL PR 2K
SEP SPMSM DTC AR i (B 15 0 4% i, I+ 0F 5% T R
) 250 7 20T B4 R RCR . IS5,

(1) FEASCRT 8228 iR (E S B R w0 T,
SPMSM DTC ZRGtiafTHIAR , & T WEBEHLI by FEAR
(B, e RV L X 4 5 4 T K, B o R L
FEF R IEZ,

(2) M5BT, S04 5 R 4 T
BB ZIE K, HESEORT 3 LA, B
PRIBCT- YA e 40 Tk sl 35 5 MR 5 2 RN R ok 3 1
THRIRZEE TRE .. 6% EITHE R SR
S A5 W T 42 K F T S R MR — A5 0 K
AR

(& % x K]

[ 1] IR, M A &, S5 KRG R A0 W s bl B e
HPEHIARGE M ] AL MUK Tl iR, 2015.

[2] ZHONG L, RAHMAN M F, HU W Y, et al
Analysis of direct torque control in permanent magnet
synchronous motor drives [ J ]. IEEE Transactions on
Power Electronics,1997,12(3) ;. 528.

[ 3] RAHMAN M F, HAQUE M E, TANG L X. Problems
associated with the direct torque control of an interior
permanent-magnet synchronous motor drive and their
remedies [ J |. IEEE Transactions on Industrial
Electronics ,2004,51(4) . 799.

(4] VFEHE, IREHB &, R AR I v SR 4 T K R ) 2 42
SR EIHL E A [T ] f TR 2741, 2006,
21(7): 9%4.

(5] Mg, setetin, ks, 55, JLT 2900 PR il 42 1
biQARTE A RGINE K72 2 i o N R ES RS R O e
2, 2017,37(14) . 4201.

[ 6] Zhite XD, REERD AL E IR A &
PSR S [T]. Bl 42 1 2 4, 2007, 11 (2)
148.

(7] Zite, TR KR IR A0 s AL B 4 e 42 1l AN
B BREGFE K S R WFFE [T ] 5L Tl K227 4,
2007,37(5) : 20.

[ 8] Zfte, thalt. JKRER AP o bl B L R R e
PR DR [ T ] A2 o274, 2012,32(11)
95.

(9] ZHte, XK. iR H] PMSM AR 2
LR R B EFEARE [T ] LS5 50, 2012,42(6) : 1.

[10] ALEXANDROU A D, ADAMOPOULOS N K,
KLADAS A G. Development of a constant switching
frequency deadbeat predictive control technique for
field-oriented synchronous permanent-magnet motor
drive [ J ]. IEEE Transactions on
Electronics,2016,63(8) : 5167.

[11] ZHU H, XIAO X, LI Y. Torque ripple reduction of

Industrial

the torque predictive control scheme for permanent-
magnet synchronous motors[ J ].IEEE Transactions on
Industrial Electronics,2012,59(2) . 871.

[12] CHO Y, LEE K B, SONG J H. Torque-ripple
minimization and fast dynamic scheme for torque
predictive control of permanent-magnet synchronous
motors| J ].IEEE Transactions on Power Electronics,
2015,30(4) : 2182.

Wk H 39 . 2018-08-06

[ IR 4 ]

CrEpLS P BT st N L ALY ) 61 )
T 1959 47 SR [E S0 ) R B A ETE M,
iR AR AT T B (SR A IR R E 0 A
AL BU B B THAREREI T

R AL T AL 5 SRR ] = R A Bk, LA
H /N R L DA R Al R T TR ) e AT RE A
R e AL AR, LT BE U AR R RE 72 i £ AR 5
R T 8 14 v ML 3 £ A S 7 1, DL R AL
FAGLNRE N A bs T ¥ A HLAH 5 I, 4 1 412 E
I P9 A1 1) R B AR 7 e F e A A v B A
FIFTILAE B

ATEEH 10 B AR, B AN ATT R AT, 18K

U5 4-199, fEEAZ LS A o AT E
/NS AT B AR A 5 R R A T B
BTHR, 75 I R AL S T U A AR e B S

MATEE A R I BRI R 2 (94Tl
GEUR, R ML Pl B2 HT) TE W1 el A il R AR
(77 AN W30 BT, £ 2 R B R A T
LA S E A R P28 5 VR Kdie I
SRR rp [ RE 2 5 SO R PR T
“rpE AR T QLR 2 SCIGRIBTT | 15 3
Tl i A T, £ 32T R SR A
TR, Z2 B T SOOI T R B AR A% 0 40
il 2 E R



