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Current harmonic suppression of permanent magnet synchronous linear motor
based on reduced-order double closed-loop ADRC
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Abstract: The current harmonic components of permanent magnet synchronous linear motors are high
due to back electromotive force and frequent switching of inverters. Moreover, disturbances such as
time-varying parameters and sudden load changes seriously affect the control accuracy of servo
systems. Therefore, a double closed-loop active disturbance rejection servo control algorithm, based
on a reduced-order state observer, was presented to improve the harmonic suppression and control
precision of control systems. First, the second-order active disturbance rejection controller of a
position-speed loop was constructed. The pole placement method was used to reduce the order of the

third-order linear extended state observer. This operation reduced the influence of phase lag and
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improves the control precision of the servo system. Second, the current loop first-order nonlinear

active disturbance rejection controller was employed to eliminate the influence of integral saturation

and reduce the harmonic content of the three-phase current.

Finally, compared with other

optimization algorithms based on active disturbance rejection control (ADRC), the experiments show
that the THD of reduced-order double closed-loop ADRC is less than 2.13% . the thrust fluctuation

can be reduced to 1.49% , and the steady-state error is less than 15 pm under multiple conditions.

Key words: permanent magnet synchronous linear motor; reduced-order state observer; double closed-

loop control; current harmonic suppression
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ADRC-NRDOB 10. 166 4.54
[ By SR ADRC 10. 115 1.49

H & 12 W50, 3 Fh vk o ADRC-APSO 4
1 B K, ADRC-NRDOB (44 71 3% 2h & /N, 1
BB SR ADRC 13 8l fe /. 3% 2 o ADRC-
APSO Wil it 2 M A ik 2 J5 18 I &
I T B AR 4 B B . i



1064 b

3 T 55 28 &

&2 ATHL, 3 B Ik B ¥ HE D7 43 i R 10,177,
10.166,10. 115 N, i ADRC-NRDOB % #f 77
i ADRC-APSO F&K 51. 3% . BBy W3 ADRC
9 HE 1 I 3h B ADRC-APSO F&K T 84% .
B 12 FIEE 2 a0, BBy SR ADRC BE A R0
P AL T IO o AT 2 i 4 7 o IO, AR 0 0 3

6 % i

-

2R SC R I T R o0k AS 0L I #% ) PMSLM
WUER [ 40 e 45 i) 2 G0 R 41 i H 3 1S D L 2 T S

S % Lk

[1] PAN ZB. DONG F, ZHAO J W,etal.. Combined
resonant controller and two-degree-of-freedom PID
controller for PMSLM current harmonics suppres-
sion [ J]. IEEE Transactions on Industrial Elec-
tronics s 2018, 65(9): 7558-7568.

[2] MEL, gk, BH, & ETIERPEZRZFL

MWHEBIS FAENE [J]. L5 HE £,
2019, 27(4): 889-900.
ZHAO J W, GONG K G, ZHAO ], et al.. Posi-
tion measurement for linear motor mover based on
aperiodic sinusoidal stripe image [J]. Opt. Preci-
sion Eng. , 2019, 27(4): 889-900. (in Chinese)

(3] kml. @&, ik, . HLRIKEZDTH

Pl R EE AR AT (1) k% Mg A2, 2013,21
(2): 371-379.
ZHANG G, LIU P K, ZHANG B, et al.. Design
of trajectory tracking controller for precision posi-
tioning table driven by linear motor [J]. Opt. Pre-
cision Eng. » 2013, 21(2): 371-379. (in Chinese)

[4] YANGY H. ZHOU K L, WANG H.etal.. Anal-
ysis and mitigation of dead-time harmonics in the
single-phase full-bridge PWM converter with repeti-
tive controllers [J]. IEEE Transactions on Indus-
try Applications, 2018, 54(5): 5343-5354.,

[5] ZHAO Y, QIAO W. WU L. Dead-time effect anal-
ysis and compensation for a sliding-mode position
observer-basedsensorless IPMSM control system
[J]. IEEE Transactions on Industry Applications ,
2015, 51(3): 2528-2535.

(6] Fror, XX R, Zak, F. BT 0B HIE D YR
RLEAL TR R AE A (T] F B e AL AR SR,
2019,39(16): 4927-4934, 4995.

QI X, WU W H, WU L, eral.. Predictive current

control of induction machines based on time auxilia-

WL 1 AR ST IR AR o K {00 B R 3R
1 A A A7 B E A L ek /0 3 T S B B
T X DR 2 L 0 8 I Ak TR /N AR L A S0
FEAR T 2 B0 E R M AR PTILRE 1. A5 .
SRHT T LR BT A Y SN il S X L — B R R
H T il et — Br AR 4t B prae s i & . 3
SiR 1 LR X HIE Bl B 400 ) BE T A 3 A A [
XS R G EEHEAT 0 M. 2 T 0L Ik 1 %
BT XUER [ T 40 F8 ] 45 7 2 R TS 1 5 2 TG B9 418 50
AT EATAR 55 B 10 BE 7 L 3h A TR RE R4 R B
WA AT F T2 T 28 G2 00 R RKG BE - S5 4 gt o

ry information [ J]. Proceedings of the CSEE,
2019, 39(16): 4927-4934, 4995. (in Chinese)

(7] #kte, 2wy, 73, ¥ FTF ESO M PMSLM T %
T T AR (1], A AL, 2019,52(7), 52-
55, 71.

LINJ, LIU H, WAN Q,et al.. Deadbeat predic-
tive current control of PMSLM based on ESO []].
Micromotors, 2019, 52(7) . 52-55, 71. (in Chinese)

[8] ZEstk, AREX, £, F. T A IE N A

a5 1 KR TR 25 2 F ML v A T SR A T A A AR
HsEmsorsE (1], ¢ B s T8 $F47,2019,39(10)
3098-3107.
WANG L J, ZHAO J W, DONG F, et al.. High-
bandwidth and strong robust predictive current con-
trol strategy research for permanent-magnet syn-
chronous linear motor based on adaptive internal
model observer [ J]. Proceedings of the CSEE,
2019, 39(10): 3098-3107. (in Chinese)

[9] LIUC]J, BLAABJERG F, CHEN W J,etal.. Sta-
tor current harmonic control with resonant control-
ler for doubly fed induction generator [J]. IEEE
Transactions on Power Electronics, 2012, 27(7) .
3207-3220.

[10] PENG C, SUN JJ, SONG X D, et al.. Frequen-
cy-varying current harmonics for active magnetic
bearing via multiple resonant controllers [ ] ].
IEEE Transactions on Industrial Electronics .
2017, 64(1): 517-526.

[11] HAN J Q. From PID to active disturbance rejec-
tion control [ J]. IEEE Transactions on Industrial
Electronics , 2009, 56(3): 900-906.

[12] KA, sk, FRM&, F. B0k AHTIRESE
P e R RS [J]. A5 4% 18,2014,
22(1): 99-108.

ZHANG M Y, YANG H B, ZHANG ] B, etal..
Servo system of harmonic drive electromechanical

actuator using improved ADRC [J]. Opt. Preci-



5% 5

BOW]L AR L TR BN B BT 4 K R ) 20 B2 AL DR A o

1065

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

sion Eng. . 2014, 22(1): 99-108. (in Chinese)
ARk, R, 1 m, £ ST A BT Ak #
F 25 AL B IR R g — Akt [T]. & ZH AR
F3%,2016,31(11) ; 51-58.

ZUO Y F, ZHANG J, LIU CH, et al.. Integrated
design for permanent magnet synchronous motor servo
systems based on active disturbance rejection control
[I]. Transactions of China Electrotechnical Society
2016, 31(11): 51-58. (in Chinese)

JA . KRR LI RS BT [T
KF HE LA, 2016,24(3): 582-589.

ZHOU T. Activedisturbance rejection control of
speed governing system for PMSM [J]. Opt. Pre-
cision Eng. , 2016, 24(3): 582-589. (in Chinese)
EHE, 2T, TR, BiENEME AU G
Vit [J]. b5 #5% 142, 2018.26(7): 1749-1757.
XIJ S, LIU P K, DING H. Design of an adaptive line-
ar active disturbance rejection controller [J1. Opt. Pre-
cision Eng. s 2018, 26(7): 1749-1757. (in Chinese)
BENRABAH A, XU D G, GAO Z Q. Active dis-
turbance rejection control of LCL-filtered grid-con-
nected inverter usingpadé approximation [ J ].
IEEE Transactions on Industry Applications,
2018, 54(6): 6179-6189.

SUNG Y, LIY L, JIN W,et al..
three-phase phase-locked loop based on linear ac-
IEEE

A nonlinear

tive disturbance rejection controller [ J].
Access s 2017, 5: 21548-21556.

FA, FwmE, AAK, F. &M/AELE AR
DIl 7 ik W58 (1. B sh AL $ 41, 2016,42(2)
202-212.

LIJ, QI X H, XIA Y Q, et al.. On linear/non-
linear active disturbance rejection switching control
[J]. Acta Automatica Sinica, 2016, 42(2): 202-
212. (in Chinese)

GAO Z Q. Scaling and bandwidth-parameterization
based controller tuning [ CJ. Proceedings of the
2003 American Control Conference, 2003., 4-6
June 2003, Denver, CO, USA, 2003: 4989-4996.
X A%, BAR, BRI, F.OETATKERN®

EE @I

3 OBA1994—) B b R BT+
WFgEE . 2016 4F F LK FHM %+
g, F BRI SET I h HAR HL AL A
il . E-mail: 1019516898@qq. com

[21]

[22]

[23]

[24]

[25]

MR Z S [J]. F B & 4L 42 %3k, 2017, 37
(23): 7032-7039, 7095.

LIUCH Q, LUO G ZH, TU W C, et al.. Servo
systems with double closed-loops based on active
disturbance rejection controllers [J]. Proceedings
of the CSEE, 2017, 37(23): 7032-7039, 7095.
(in Chinese)

DU C, YIN Z G, ZHANG Y P.et al.. Research
on active disturbance rejection control with param-
eter autotune mechanism for induction motors
based on adaptive particle swarm optimization al-
gorithm with dynamic inertia weight [J]. IEEE
Transactions on Power Electronics, 2019, 34(3) .
2841-2855.

WANG F, WANG R J, LIU E H,er al.. Stabili-
zation control mothed for two-axis inertially stabi-
lized platform based on active disturbance rejection
control with noise reduction disturbance observer
[J]. IEEE Access, 2019, 7: 99521-99529.

X E M, R F AR BT RERIRZS W2
FEAKRMED AR B it s [J] P B e o2 5 3%,
2017,37(22): 6666-6674, 6779.

LIUY Y, LIU J ZH, ZHOU SH L. Active dis-
turbance rejection control of pressurized water re-
actor power based on reduced-order extended state
observer [J]. Proceedingsof the CSEE, 2017, 37
(22): 6666-6674, 6779. (in Chinese)

LIU H X, LIS H. Speed control for PMSM servo
system using predictive functional control and ex-
tended state observer [ J]. IEEE Transactions on
Industrial Electronics, 2012, 59(2). 1171-1183.
KM, £F, REXL, F. ETHELOBEAEMN
TG0 ARG R 2 B & LR BT 5E [T, o
WML T AR 4R, 2017,37(12) ; 3594-3601, 3688.
SONG ] C, DONG F, ZHAO J W, etal.. Design
optimization research of air-core permanent magnet
permanent magnet synchronous linear motor based
on gravity neighborhood center algorithm [ ] ].
Proceedings of the CSEE, 2017, 37(12). 3594~
3601, 3688. (in Chinese)

REXA973—) . B, 2@l A+
AR, 2005 4R F v [ B 2 4R K2
AR A 2% 7, 2007 4E T op B B} F
AR K25 vl B W
BEHLARASE IS A%, E

mail: ustezjw@ahu. edu. cn



