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Time delay compensation-based parallel active disturbance rejection control
for permanent magnet synchronous motors

Yin Shixun,Zheng Zhian,Zhu Junjie

( College of Electronic Information and Physics, Center South University of Forestry and Technology, Changsha 410004, China)

Abstract:To address the issues of speed susceptibility to internal and external disturbances under various operating conditions in
permanent magnet synchronous motor (PMSM) , a parallel linear active disturbance rejection control (PLADRC) strategy based on delay
compensation is proposed. Aiming at the problem that PMSM may be subject to the external time lag effect introduced by signal
processing, inverter response, and other factors, the Smith predictor is introduced in combination with the active disturbance rejection
control (ADRC) to make the control system respond to the internal parameter changes and external perturbations more accurately and
quickly. Meanwhile, for the problem of poor anti-disturbance performance of linear ADRC (LADRC) in limited bandwidth, a parallel
LADRC is designed to effectively improve its anti-disturbance capability while keeping its bandwidth unchanged and its parameters easy
to adjust. Finally, the stability of the LADRC is analyzed, and the parameter design and perturbation performance are analyzed on this
basis. Simulation and experimental results show that the proposed algorithm improves the adjustment time by 52.5%, 49.5% , and
42. 4% compared with LADRC after the motor is subjected to speed step, load perturbation, and internal parameter change, which
verifies that the control sirategy effectively enhances the resistance to internal and external perturbation and speed tracking ability of the
PM synchronous motor under multiple operating conditions.

Keywords : permanent magnet synchronous motor; time delay compensation; parallel linear active disturbance rejection control;

resistance to internal and external disturbance

S H 197.2023-08-18 Received Date; 2023-08-18
w FEATH K I A REFERAS (kq2208424) 101 H 5T B



276 f# £ ¥

a5k

0 3l

T

7](522512[5]5@*}[1( permanent magnet synchronous motor,
PMSM) Hi T HARFRU N G54 faf 5 G 47 m 58 S5 00 A gk
RO SRR A IR SR, PMSM
YK S i A PAT B 45 1) R W e SR 395 5 1) 45 1 ( field -
oriented control, FOC) ¥ A ¥ 17& i, £ F FOC 1
PMSM £ | LS PR Pl A 0T sl 2 S0 30 v i
WIRAE S B e 4, SMERRYE T fid R FE SE 1L
B FL4Y ( proportional integral, PI) ¥l &%, Hbi Pt i i
28, JUHEAE g AL 32 BN AR Y SN, P13 1l 4% 1 15 AR A
SR L5 RE R A B ER o AN, A7 AEAE TR AR R A R
AR, LIRS AR BE 5 S A TR RE 2 32 BV EUR RS2 0, 7R
W TN 2 SECRIUN R BT R

T4 PMSM 7EANEE VERRZIVE T R Rk RE
Bhn WAL YRR R 2RI AR AR IRAME
H #i #t % #l ( active disturbance rejection control ,
ADRC) " S HEE i B R FE PMSM [ 2L LA 1 R Y
PSR, FEIX 0 S i 4 ) SR oy, T A4 o) B30
T UM R AL Al AR P HIR AR A2 HE IR A R 4 i R
IR SR AT R %, U H R A MR 1 s AR
THRCTFFE TG 0 S RHE 5 A ER AL 5 I SR AMEATE
PMSM Hr i 107 AT LA v R 496 1) i oy 3k 38 R 2 M B L &L
RN iR T2 Bl DT 4 /55 B AL A 1k e RN R S Y iz
7B TEIA SEIR AN R Smith T & 2 i 45
1l R ¢ Fh S I )l 1) — oA 807 ¥, i HL B A H AR
A —SEpESY, SCHR 8 TKF Smith Tl &% b H T30l
PO ] e i e TR S A% i R P B SE I ) A, SO
BRLO T — R T 42 SP B30k O U b 22 I 4% 1Y
H o v, D R R 1 7 5, BB AT S84 v AR G I AR E MERE AN
Wl R B, SCHR[ 10 ] BT % 9t 2l 55 4 i ok 19 152 25 R
P T —FhEE T Smith FiUA & AP RE A oR 5 45 1
Z AR T KRG HL R B IR R AT
FEARGFHOUERT 1 Smith TR 42 ] 9 D0 34 | HL A8 3R A 325
BEXF I 5 B i (R, W T AR AR MR Bl T
FERME S R AMERRCR T BE 2332 BRI

FEAL PEAR RUAHR & MMM S )@ ADRC A
JEATAE RIS A . ADRC JE R # H s i
UPE PR B o PR RSN ER R S L S S 3, E
LAY RS M 25 ( extended state observer, ESO) i
T EEAG T F 8, Birh ADRC HA BRI HT
PLRES) . %48 ADRC i T HIARL R AL, F 8075 28 e
HSHE L, CHk[ 12] %7 ADRC T4k b ab BRI T
LRPED TR 2% (linear ESO, LESO) , JF-H¢ ¥ il 75 i v] 9
SRS TR PR SRS &, TR 1 T 38 2 By 4>

B SRR ERTA (HAR L ADRC HAR SR Z 8K,
SCHR[ 13 T4 T — o = 43 i o A A 7L I LESO AHZS &
) TCAVE A TR ) SR, /1N 1 U000 88 A 37 488 3R 0 3
FERL S, RS T RGOS BRI R BT RE T, B R A
SHEATEAGE T RE, SCEk[ 14 ] 82— T
Rk LESO 1 PMSM JoA% 8 [ B 42 il 5 m& , Al FH 9%
KA LESO AT R G032 1 S sh , wl/IME 5t LESO X
TR RIS AR, DU X P sh i A 1R 1 (1
A T2k LESO 38 in T & G0 9 B 45, PRI 7 £ 28 58 725
S RGN AR K,

N T $E i PMSM 1% 8l 55 Gt 3 i IR RS 1 S5 pi e s
BEJ)  ASCHR H —Fh 56 B R AME I IR AT A A5
il (time delays compensation-parallels linear ADRC, TDC-
PLADRC) () PMSM JG {37 ‘B 1% 8% 4% 45 il 5% m§ LA 42 &
PMSM 48l R4 2 T.00 FRIsh SR SHidhohge . B
6, FIHT Smith THUAR &5 X8 458 A5 5 B TIUAR R fige D 48
il R G AY ZE A ) A, I HL 3 a4 vk 1 BT 45 6 2% (linear
ADRC, LADRC) ] ARG N AMEZh SR R 4T R GErY
FEMATRAME R A B G . LKk, %1 ITAT LESO £t
RGNS BBy, W FLE AT AME s R G p i sh i
fE, DFESCREE B T i TDC-PLADRC # H
T PI.LADRC 54k LADRC E.A4 H s (it sk 5
HRIEIREERE ), Bl R ) T 908, Reng it — 25 ol e
BV IS NS AT PMSM o B AL e ) R 5%
HE R S HIOR

1 PMSM £t Bmti=dlRug

PMSM it B frdi il as an&l 1 s, Hrh LADRC
FEATFHL AR AR 25 )5t LESO LA B 4t 8 #b 4% 55 38
55 . LADRC J&—FhJL 7 WL sl Wbl 5 1 2 il 7 2% , i
b I R G e AR AT R G B DA TS
A Ry il 25 00 S B 4 A 5 EA TR ), LSRN R 4
PS35I A A s o 2 T R R 9 1 4 R

JE Ffa e
& 1 Hg st 4k PMSM, HAH LGS 3 i fe
do,
J——=T,-T, - Bo, (1)
det

X, T HRGEENE o, HETYWMAEE;T T, 7
S A e S R AN S B A B B R %R

ARICRH ] =08 FOC ¥R, i) hdiMiS%H
i, M),

% = } (%nﬂt//mi: - Bw, - TL) =bi] +f (2)
Ao, i; ﬂﬂqiﬂ]?‘%%(ﬁ,b =3n]7¢,,l/2];*jtfjjﬁf'= 1/]( -
Bw, - T,) ZREG SN 5, AKRERRESE s, Ry HE



Kl 1 PMSM £t B ezl #e e &

Fig. 1 PMSM linear active disturbance rejection

controller block diagram
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Fig. 6 The effect of bandwidth on perturbation estimation error
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Fig. 13 PMSM experimental platform
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