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Abstract: The favourable current control was required in speed or torque drive system of permanent magnet
synchronous motor, so it’ s very important for the control of the current loop. In order to improve the transient
performance and the robustness, a novel current control method based on deadbeat predictive control and disturbance
observer was proposed. By using the good transient response and easy digital realization of predictive control, the
current controller was designed based on deadbeat theory, which was greatly dependent on the motor model and the
parameters. According to the disturbance caused by the modeling error and parameter variations, a simple disturbance
observer was designed, which was used for the feed-forward compensation control. The robustness was enhanced
effectively. The experiment was complemented on dSPACE, and the results showed that the proposed current control
method had good current tracking and strong robust performance in various conditions.

Key words: permanent magnet synchronous motor ( PMSM ); current control; deadbeat predictive

control; disturbance observer

HETH : ERERBERETH (61403236,61703222) 5 IR TR ¢ B+ 5 33 475 H (BS201511)
YEE A I B (1979—) Lo WEEBRTE A, DRI, BP0 1 g v SR 42 Kl 28 90 2 o) e S 3l ot 42 o 25
XEAR(1987—) |, 55, LWLk  BEE 7 10y HL IR 4 0K 3 R e il AR Sk 2 45



Pl SR HEA | EMCA

2017,44 (10)

0 3 =

gk ®E [ 4 . Ml ( Permanent
Synchronous Motor, PMSM ) H.A5 3R & I R
KA SRR i AL, TEHL SR A4S KU & HL 5540
WAAEI Tz . BT PMSM B £
SRR AR LM SRR, TR R BB R K B R ¢
Hh 3SR 5 1G5 ) B R AR O &
TERG R R GE v, SR 3 7 B 10 R, B 0K 7Y
P 7 20, SIS B AR R HL IR A, T 40
DIV AR H A o 0 5 PR R R b, R
DiLEA PR ) 8 5 R H U, S R H L B R S AR
il AUt 78 PMSM 3R 8h R G, o T 92 B
REAYFLAILES I, X i SRl B OC 2L, BEE
PR e 0 & i, — e e A4 O ik,
IRk R e K o 1 RN 7117 1 AN E B 14
Pl A R A PMSM AL 3 P i o 9 U
TV RCR

VTAER , B 2 AR BRI AL AR
18 2 Je , IO SRR Ry — Ao 5 SR, 2 48
G E W1 o [ R & S I e 9 W
PT 5 22 J5 H, g v 7 R 52 i H AL 45 ] el ) 2
AR . T2 R 2 ) S AR L FH R G
N B 3l T R 2 5 e i ROk, O
i — e UL HE N e i B o AR R Ty %
(AT, PMSM (030042 i T 3 b i e sl 7
ST 20 1 NN o =%: 11 UL =411 AR - 281511 b11UE 258171 R
A, Hod Jo 2 mim i LB S A PERE LS,
W, b TR AL A, 7R PMSM HL i
P vh B T R E ISR .

(B2, JC 2240 FIUIN 42 ) 2 — R AR Hy AL A 2
Ak T ELZOT AN e LA B R e 5l
IFEN o Y 2R G847 (AR Y ™ i R e B8 2 s Ak
I, 428 RS L 2% W 3 B AR 7 PMSM R 3 R 4t
S WL AT 00 R BE S5 0, HE HLAS ] S A
WAFTEI B S HUEA S . S T Hm PMSM il
HL U B R, SCBR [ 1112 48 ) 1 3 Tk
PETCZEAR A PMSM.FL 37 F00 425 ai] 77k 5 SOk
[ 13 7 JC 22 11 T 42 ) #5% v, 38 i 2 RO iR 7
25, SCEHAl T AL, SR S8R A L i
FEHIVERE R FZ A, (Hi% 05 1 5 % SR TS BE 1Y
SO SCHER [ 14-15 ] 7E PMSM & J0 22 411 Tl 45

26 —

Magnet

i B AL, Bt T s g , O TR PR Y
A AMATE R o 207 1L RETH bR 2R e N A1 S 4L
RS AP A B, A R P R
MG AR SCHRE T IO 2E AT 42 ) R — b ]S4
SHULINES , BF5E T PMSM (Y B a4 i i %071
ARG A N P ) 20 25 BE 4 I Sl WL 25
PR PR, e O AR UE A 105 1
AR, BRI AR, SRR S R

1 PMSM # 42 A
HH T REVAE 101 BRI, PMSML 7 dg [7) 5 fg

HEBR R TR A R

1 di, ' ]
% = L(l E + Rsl’d - prql’q +fd

(1)

=&

-
E§::L[ L+ R, + polyi, + pod +f,

= L]'](ARsiq + ALpwi, + Adpw + AL, (ZZ)
(2)
AR, =R, -R;AL, =L, - L,
hg=%—gﬂ¢=@—¢ )
K Ly L——d . q [T A bn &2 F 1Y & 1
LR
Lgiy g s u,——d  q HBR RN I E T LR
HIHL T 5
R— & THIH;
p—HXT L

o—E RIS

D— KGN T HE BTG

Suf,——HSEAR R i

R, L, .L,,®——HWHLELPREITH 1S
BH.

2 T AR B it

ARSCH ] AR R BET PMSM L2, i
et LR, S B R D B A R
GO SR (S 3l P BRIyl
1o o B Rh T h S 30



2017,44 (10)

Pl SR HEA | EMCA

INESER 7 B T PMSM S i i il 4
ARSCHFFE B PMSM {5 il 52 G4 M B an ] 1
FE7 o SR G S A v, 30 00K ) ) 254, 52 1
PMSM %% sl 4% ] RGBT, Horp, 5% R A
PT 42 ] , H 91 20 SR FHAS SCHR H0 A9 | 428 10 O 12k
TN G P IL L FE PWM B AR pRAR A

K1 PMSM £ R G 45 FHE R
B, MR PMSM AR 4>

Uy =uy +prqu

. (4)
u, =u, — Po® - pwl,i,
HETT A4
di, )
dr ==Ri, tuy —f,
(5)

=F
%d—=—1{_i tu, ~f

q

R (S) %%/Tjwtﬁ*lﬂﬁ%m I AT

oo gk i ,0
gD LT, @d
SR hRa g 1-
Q{% Lo O L0
g
7, Oéfd
o ] (6)
@ L, q
BCRFERIR] R T K28 (6) Bk
R, O
i)(k+1) i - Y (k)
o+ 1) "0 R ik "
i 0o 1 -—11"
O L, O
0,0 o ,O
%d ud](k) B %d fd(k>
== PROO! =N = A
O L,O O L0
(7)

SR GORA I i A A
MAMA x = [0 w]" = [ ] e =
[wa w] 'y = [no w]" = [l 4] =
[0 £]7, WBSHLaRA I BT Fm
x(k+1)=Ax(k) + Blu, (k) —=f(k)] (8)

RS
Hrr,4=0 b
>N H _I:I

O o 1 -
|

{185 2R 5 o el 7 1 — 4xﬁﬂ%7%ﬂﬁ
B B TG 22 B 3K ) TG 254 O 4 2%
B x(k+ 1) =x" (k) Hhat (B =[i; i']"
Sy M AT 20 L S (L, T R (8) 45 2
TS 25

w, (k) =B [ (k) = Ax(k)] +f(k) (9)

Hy s (4) AT (9) T 75 PMSM (1 Hi e 1 s 28
ST LA 0 R o T L 8 oh A A o
BT, (BRI B E s & £, A/, dr
TERERIZE D | T PMSM S 7T S8 G M 77 75 2 505 Ak,
IR RS 73 M , 35k 2845 23 % 0 o, WL A0 P
e, R T BTSRRI B B R G
e, FA BN S R f fE.

3 kW &t

N T P RGBT, A SO T 25 40 T
A HER 1353 T — R A 2 e S L R

SRIE A TP 3 T FR TR R B R A5 R b 0
B R R R 25
{ediljd _de (10)

Wo,=e, + Cdfed’aq =e, t C(,Jeq, HR A SCHR
[3], &P ] SR P sl i 25 4
Ji=ao,, f, =po, (11)
Hop 7y A7 A SIE ,« > 0.8 > 0 W
{)”J%% 35, Ham AT o A1 8, RIS AT
R,

WAt sl &=L (1) LA (9), Biar sk
AR BRI ES . ZEEHIRRES S T 2
D42 il RN Sl LI 8 A8 DL 5, , B 52 30 HEL I 1) B
PR B R G H 8l S5 B e i S e



Pl SR HEA | EMCA

2017,44 (10)

4 RBLER G

T BRI HE PMSM #3745 41 O 15 19 A R%
P, 2T dSPACE i % , 76 U HLEL H45 ] R g8
5 L SE s T gR I E . dSPACE ¥ & 4t 2
M & [E dSPACE 2wl it H &8y — & T
MATLAB/Simulink ()4 i R 5T & S Reil it 4
o FEFERI s b, 7 SRR T PRI, i i 26
SR AR SCHRE H 4 356 T4 3 LI g 1% I 2 4 3 I 4%
il 75 PMSM SN A 5540 2.3 Neom, i
FEREHE N 3 000 o/ min, B XTECh 3, 5 £ HLBH A
4.8 O,d e FHECH 0.019 5 H, ¢ 3l 2 T B 8%
4 0.027 5 H, K ARG E R 0.15 Wh,

T, eSS H R 1000 r/min,
B R 0.5 Nom o [B] 2 S HLAILAY dg Bl A i AL
e 7 e, K 2 HralE i BALE SIS, B
I, 77 A R B S L, R EE FHLIT 1R 7%
), R WHRE BT ESH i, TRt B,
L MILA Y FEL I A DR b R R 2 5 AL, Bri Tt
A4S Tl 2 B A B G 18 B SR P B BB PR T

K2 AL st po sy

N T BUES 5 r R A A R R EA PR RE , 2
HAURRE T, AL B AR R 0 1 N-m [&] 3 %

K3 AR A R4S

AL AN AR AR 2R . TR 4 N FLHLAS RE e
i 600 r/min A5 1 200 r/min B 4 B LR 7 45
3 i AU MR AR AL g SiiB %
TRIGA, AL ¢ A TR BE PR i BR 225 L
BB, d Bl A — /N Bl (AR PR A2 )
%, SIS, AT EAT B b i e s ik e
R T YA R GEAFAE S B sl I i B T, o8
BT 4 S B LS PR S BOR — St ) FL AL
eSS . o, A A e B L H R
TS 5 2 500 B A8 R E B 50% | 75% |
120% , 25 5E HL LG 3 4 1 000 o/ min, 17 2% 5 56 K
0.5 N-m, & 5 Fyxf i )ik g 45 K. K 5 Al A&
YRS ECRE R SR S BN 3, ZRa
AR LR AR M AR, T T A L e bR
18 Y S E AR AL, 6T H LR Bl BT B i

5 % iF

ARSCHEH T — o i PMSM. HEL I BRI 45 ) O
VK 0 22 40 TOUI 42 ) H e AR Sl 00 8% T
PMSM R P, 4% il s AN DCEA BLAF A HLTR
FERIVERE, T H XS RS BORAC I8l BAT B i)
BREME. RS T PMSM BG4 ) R STl



2017,44 (10)

Pl SR HEA | EMCA

K4 BHLS e L A A2,

KIS LS BE e A A R

a, EBZT LR Bl | B B AR 1 45 E e i A Al
RS RCL R 1R8S, SE 72T IR AR

(1]

(2]

(3]

[4]

[5]

[6]

[10]

[11]

(& % x K]

EHASAN I M, GAO Y M, EMADI A. ¥ 4% HL 3%
A TR 3 1 L SR AR L G —— A it
SRS [ M ARG IE, R, RRR .
JEAT MR Tl H R, 2012.
JEIAEAT R BN X W, 452 B T DA ) A ] 210
B ASE AL 30 A AR 2 ) [0 ] v B R L TR e
2012,32(15) : 91-99.
CHANG S H, CHEN P Y, TING Y H, et al. Robust
current control-based sliding mode control with simple
uncertainties  estimation in  permanent magnet
synchronous Motor drive Systems [ J ]. IET Electric
Power Applications,2010,4(6) ; 441-450.
LI S H, XIA C J, ZHOU X. Disturbance rejection
control method for permanent magnet synchronous
motor speed-regulation system [ J ]. Mechatronics,
2012(22) : 706-714.
KIM K H. Model reference adaptivecontrol-based
adaptive current control scheme of a PM synchronous
motor with an improved servo performance [ J . IET
Electric Power Applications,2009,3(1) ; 8-18.
RODRIGUEZ G, CORTES P.3jj 575 i 25 Fl S 4%
SRR M ] PR— R, A e, =R E
HUHUBE Tl Y it 2015.
BOLOGNANI S, ZIGLIOTTO M. Full-digital
predictive hysteresis current control for switching
losses minimisation in PMSM drives [ C] //
International  Conference on Power Electronics,
Machines and Drives, 2002. 61-67.
ROESMAN T, SOTER S. Mechanically com-mutated
self control of PM-synchronous machines| C] // IEEE
Energy  Conversion  Congress and  Exposition
(ECCE) ,2011. 1555-1559.
TURKER T, BUYUKKELES U, BAKAN A. A robust
predictive current controller for PMSM drives [ J ].
IEEE Transactions on Industrial Electronics,2016,63
(6) : 3906-3914.
ERROUISSI R, OUHROUCHE M, CHEN W H.
Robust cascaded nonlinear predictive control of a
permanent magnet synchronous motor with antiwindup
compensator [ J ]. IEEE Trans on Industrial
Electronics,2012,59(8) : 3078-3088.
fF;"fl A BT, X0 T 3R 7 G ) 2 H AL F T 42 ) 5
W] A E LT A 444R ,2012,32(6) : 131-137.
(T#%35 W)
— 29 —



2017,44 (10)

Pl SR HEA | EMCA

2012,16(3) ; 15-21.

mode control of permanent magnet synchronous linear

[ 4] SRy, ok 2 4T85 3 B AL Lyapunov £ 51 2 motor [ C] // Chinese Control and Decision
FZHEN#EEE [T B T AR, 2011, 26 Conference (CCDC) ,2016: 3061-3064.
(4) ; 44-50. [14) 97y, 0. A 55 ARE )25 b BL RO 1 i o
[5] ZHAOY, QIAO W, WU L. Model reference adaptive A i AR P [T ] TP B K224, 2013, 44
system-based speed estimators for sensorless control (12) . 4855-4860.
of interior permanent magnet synchronous machines [15] KAVEH M, JAFAR M M. A genetic based fuzzy logic
[C] // Transportation Electrification Conference and controller fordirect torque controlled IPMSM drives
Expo (ITEC) ,2013; 1-6. over wide speed range[ C] // 2007 IEEE International
[ 6] XBHaHs, M . 7 wf [5] 25 B HL I AL B & N 3 Electric Machines and Drives Conference ,2007 ; 847-
[J] 5L B, 2015,32(2) « 337-341. 853.
[ 7] JAKUB B, JAKUB K, SLAWOMIR S, et al. [16]  TRERF, B Af TR0 73 B0 18 4542 11 10 A
Adaptive control of permanent magnet synchronous [FE e ML [T ]. A 3 TR 2 4k, 2012, 40
motor with constrained reference current exploiting (3): 126-130.
backstepping methodology[ C] // TEEE Conference on [17]  EWET, M5, i JCh B s AL R A
Control Applications (CCA) ,2014; 1545-1550. FIBFFE [T]. v [ L AL TR 2 4R, 2006, 26 (15) .
[ 8] &REUE,HEHEAR, 20N, 55 56 T S T AR 254 134-138.
f9 PMSM 3 B 45 i [ 1], 5 ) T2, 2016, 23 (3 (18] T3¢, bk, 21952, A K W IR A6 Lk i 4 o)
fil): 1-5. SRR S 05 B T] . B, 2010,43(12) : 66-71.
(9] XIGH, VG A IR S5 40 4 ) 23 K HL AR vk [19] BARBARA B, GIANMARIO P. Model-based
SR RIS 50N ,2007,24(3) . 407- directflux vector control of permanent magnet
418. synchronous motor drives[ J]. IEEE Transactions on
107 Xz, Bk, 77 B 25 75 B sh U #% 9 7K 2 [7) Industry Applications,2015,51(4) ; 3126-3136.
A LA [ ] [ e ML TR 24, 2010, 30 [20] OR%E, FEEA EIEAR, 55 — POk G R A0 B AL AL
(9): 80-85. B SUBR RER [)] B AL S FEE R 2 4, 2015, 19
[UT] XU, Rt 35 0 7 i 25 00 4% 1Y) 3 2 4L 5 3 2 4 o (6): 35-39.
S0 [  T R, 2005, 12(2) : 135-137. [20] SRRt A B, % 0T H R 4 I B A A
[12]  REGE, /303 BB, 55 PMSM M 28 [0 25 K5 7 R A ) A5 FE LT R TP S E sl 45 [0 ] P L AL
Sk 1 0 9 B [ D). 5 TR 2015, 22 TRLE,2010,30(27) 5 7-13.
() . 29-34. ks B . 2017 -03 -06
[13] LIL, GU Z P, TIAN J F. Neural network-sliding
TETETLTL L TETLTL T TETETLTL L TETETETL LT TETETLTL T T TETETL LT TETETETL T T TETE UL T
(L% 29 )
[12] T2, EE A5 KR AL o223 for a permanent magnet synchronous motor with a
PRI T] . d TR R 23R ,2011,26(6) ; 39- simple disturbance estimation scheme [ J ]. IEEE
45. Trans on Control Systems Technology, 1999, 7(5) .
[13] WANG W, XIAO X, DING Y. An adaptive 630-633.
incremental predictive current control method of [15] Gia%, Bl 8 8k, 2. 35 TP sh U £ (14 7
PMSM [ C] // Proceedings of the Conference on T [R) 25 B AL 00 B S o [T ] o T4 R 2 3R,
Transportation Electrification Asia-Pacific, I[EEE, 2016,31(18) ; 37-45.
2014; 1-6. Wik B #5: 2017 -03 -06
[14] KIM K H, BAIK I C, MOON G W. A current control



