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Continuous Time-varying Disturbance-rejection Control of Permanent Magnet

Synchronous Motor Based on Fully Actuated System Theory
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Abstract A continuous time-varying control method based on fully actuated system (FAS) theory is proposed to
address control challenges caused by parameter uncertainty, external disturbances, and incomplete constraint char-
acteristics in permanent magnet synchronous motor systems. First, the speed error dynamic model undergoes differ-
ential analysis and is transformed into a second-order FAS form with g-axis voltage as input. Then, an optimal con-
trol law incorporating a proportional-integral term is designed to actively shape closed-loop dynamics. A nonlinear
disturbance observer is introduced for real-time estimation and feedforward compensation of lumped disturbances.
Furthermore, based on Lyapunov stability theory, it is proven that the designed closed-loop system achieves uni-
formly ultimately bounded stability under time-varying disturbances and exhibits global asymptotic stability when
disturbance rates are zero. Finally, a systematic parameter tuning procedure is presented, directly relating control-
ler and observer parameters to desired performance metrics such as response speed and damping characteristics. The
results show that the proposed control method can quickly and smoothly converge the system state to the expected
value, and exhibits good tracking performance and disturbance-rejection ability under different operating conditions,
verifying the effectiveness and practicality of the proposed method.
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Fig.1  The control block diagram of the strategy
proposed in this paper
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L=kx(wn (45)

3.43 TEEEHMEE

Nit— L B RGN EEIERE, 70T SE0
I A SIS s R SOEEAR 6 R § > B/ (2a),
Hta = in(Q), B =2PB|E. A/ 6, HHEK
a BURN 8.

E#E Lyapunov H#2 (29) HI Q =T (HA%E
FE), W o =1, FRMZITIE1R 2] P X T RGFERE
A, H Lyapunov £ ATP+ PA= -1 WfE P &
ME— XPFRS IEE 1.

BHIHE, TS P & TTEANRASH a,
ar, L Wek%L. gemm it

§=2|PB|¢ =2/ (BTPTPB)  (46)

Ht B=10,0, —1]". X P=

P11 P12 P13
P12 P22 P3|, NI

P13 P23 P33
P13
#: PB = —|pas|, |PB| = \/p}; + p3; + p3y, UL
P33 ~
B = 26\/pi;5 + D33 + P33 (47)

WSk AR R AR T 8. #aX (43) FX (45)
AR (47), B WIRTB A w,, ¢, k BIREL

B = 2EX f(wna ¢ k) (48)

WIS AT R f(wn, ¢ k) RFPETTSD: 1) B
b & MERTMZEIEIE K 2) 8 B H B w, KT
/0N, TR 1R R A 58 A BT IS A R
3) B Xtk MARNBONEUKR. A D HRALK & H
15 g fe/ly, 0 W IE I AUE TR

4 HEWIESSH

NEGUEFTEE I FAS-CTVC HuE A Rtk 5
PUHEAE, ARG 1 Fros i PMSM & 4842 il R
A g 0 O, JFAE AN [R] T8 T #EAT 4= i A 015 5
SCHG, R PTIE T S AR GE R XUAIIA PT I R —
P B FR AW B ] (novel exponential sliding
mode control, NESMC) 7747 X L o #fr. BT
i B3 {E MATLAB/Simulink ¥ 5 3347, fir
PMSM H E A ZHn# 1 fizs. FAS-CTVC, PI
PR &% b NESMC 5 il 2 1 2 fifl 2 £ & 1 WL
2, ZMITEIT R AR PTIE 6 82801
BNkl =k1=35, k! =k =9700. % 2 FrHith
¥ PT 5 NESMC =il & Z %k, i h 2 iar il
JRR R RES A G, DU IR 5 22T X b se i
BFEAF BRI EAE EREAT

4.1 SEEWHMES
R TR A8 R S HON R Eh A RE IR

*£1 PMSM &%

Table 1 PMSM parameters
24 {2
BUE IR (kW) 1.5
B HEH (r/min) 3000
BUE S (N-m) 5
ETHE (Q) 0.515
FE T HUE (mH) 1.715
T HEAHESE (WD) 0.138333
i (kg-m?) 0.00063
R EEE R EL (N-ms) 0.0008

ot £ 4




1286 H ) th 2 i 52 4
£ EHIERSH TEAERFEEN ). BEE L YEK, PR32 1) 3 2
Table 2  Parameters of controllers Ejmll%’ Z 55 1 I ) L 2 ’ Vit ahfe Fyhe
il o 2H 1t s SR, ) LRSS R TBOR I S 7S 951
PR B AL a0 1148 000 N 5E IR, 31X 3R B UL 2% 38 25 1) 3% B 75 B2 AR 3
PAS-CTVC RS o 6 750 S 5 5 R 2 T
WM GR35 L 1050
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R . 1 000
RSy 45 800 H
BHIRSH e 2 000 288
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NESMC % il 5 9:
. 2Jo [ . .
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Hb e, q, ar, B1 > 0.

NE B LG = A ) e 1 BN A TR RE, B 8 45
H TR R VRN . # TOLT OC I BE 4R
FRC AT 3. ik 3 ME 8wl LAFH, At
FAS-CTVC 5B TEFTA MR 00T 35 I s i
MesaiEmltEae. Bk m S, R EB, FAS-
CTVC L 1 /M A& (5 r/min) Al
[RAEE I TE] (0.02 s), Heahasma Riid Bz 2 40 T Pl
Pl (FE 18 r/min, FRERE] 0.10 s) 1 NES-
MC (i 8 r/min, FaEK 7 0.08 s). fEHLILEN
PERE T TS AR, INE L0 R FAS-CTVC
HERIEAA 13 r/min, KT PT#EHIH 46 r/min
A NESMC [ 45 r/min, [F] B HAK 5 I8 45 55 2
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Table 3  Dynamic performance comparison
i PI NESMC FAS-CTVC
Lot Y /e (r/min) FUE IS8 (s) i /e (r/min) Fasg I 1A (s) i /& (r/min) FesE A (s)
A5 +18 0.10 +8 0.08 +5 0.02
pIlIBLS +9 0.09 +9 0.08 +10 0.02
In# —46 0.11 —45 0.08 —-13 0.01
e +38 0.10 +10 0.08 +12 0.01
R —27 0.11 —11 0.09 —7 0.03
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