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Adaptive Compensation Control of AC Electromagnetic Torque for
Doubly-Fed Linear Motors Based on the FXLMS Algorithm
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Abstract: [ Objective] In response to the rotor vibration
issues of doubly-fed linear motor ( DFLM ) under AC
excitation, this paper proposes an adaptive compensation
control method based on the filtered-x least mean-square
(FxLMS) algorithm, aimed at enhancing both the dynamic
performance and the operational stability of DFLM.
[Method] Firstly, the electromagnetic vibration mechanism
of DFLM under AC excitation was analyzed in depth. By
establishing the two-point force model of a five-phase twenty-
slot DFLM under AC excitation, the generation mechanism of
the pitching moment induced by AC excitation was
investigated. Secondly, based on the mechanism analysis,
the FxLMS algorithm was introduced as the core control
method, which relied on closed-loop feedback control to
adaptively inject harmonic currents, thus effectively
suppressing the periodic vibration. Finally, in order to further
improve the control effect, a feedforward compensation control
method based on the electric angle of the mover excitation
current was proposed, in combination with the above
generation mechanism of electromagnetic torque, improving
the dynamic response capability of the system. [Results] To
validate the effectiveness of the proposed method, simulation
analysis and experimental verification were conducted. A
dynamic model of the DFLM was established on the Matlab/
Simulink platform, and the vibration response of the mover
before and after the introduction of adaptive compensation

control was compared and analyzed. The simulation results

indicated that the adaptive compensation control method based
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on the FXLMS algorithm achieved substantial suppression of
vertical mover vibrations. And the introduction of feed-
forward control improved the dynamic performance of the
control system and reduced the regulation pressure of the
feedback control. To further verify the practical performance
of the algorithm, an experimental platform was set up and
tests were conducted under different operating conditions.
Experimental results showed that the adaptive compensation
control method based on the FxLMS algorithm significantly
reduced the vertical mover vibrations induced by AC
excitation. [ Conclusion] The adaptive compensation control
method based on FxLMS algorithm utilizes the adaptive
characteristics of the FxLMS algorithm, combined with the
feedforward compensation strategy. This approach effectively
solves the vibration problem generated during the AC
excitation process of DFLM without changing the original
closed-loop control structure, significantly improved the
operation stability and control accuracy of DFLM. It provides
a novel solution for the high-performance control of DFLM.
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Fig.1 Two-point force model of a five-phase twenty-slot
DFLM under AC excitation
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Fig.2 Block diagram of the vertical control system for the DFLM mover unit
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Fig.3 Schematic diagrams of FXLMS adaptive

control system
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Fig.4 Simulation results of FXLLMS adaptive feedback control algorithm
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Fig.5 Simulation results of FXLMS adaptive feedback and feedforward control algorithm
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Fig.7 Experimental results of FXLMS adaptive
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WK 8(a) FEl 8(b) N, 8, .8, a5 B Ik
S LA R A 38R S BB, 5 07 FLAE SR ARTR], i ]
i AME: ] DL s ] SR ) sh PR

5 #iE

ARSCE XS DFLM 723 [ £ B 4 il A v, e
TR I 7 A AR A g T EORY Bh1 HR 2h ])
P T — R T FXLMS Bk 38 R 45
ik R SR B A B8 TR R RS
PERE , Bl 1 R st i B 98 1 R . 5 B BT R
IR AR LW, Pt A2 T FXLMS 59500 A i

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 5 52 4, 4% 1

Electric Machines & Control Application, Vol. 52, No. 1, 2025

9

E 8 FxLMS BEMNRR+AIRIEFIEEIRNER
Fig. 8 Experimental results of FXLMS adaptive
feedforward and feedback control algorithm
o7 M Tl 7 vk R 6% A 6 N TR) PN RS AR 3, Tk ]
TIZAE R DA S BRI v R A RO A S
it — Ak DFLM B2 ) (o7 B P25 1 R e de it 1

AR AR AR SR

Flam o R=RA
Fr A VEE 75 BAAAEAE R 25 v 2
All authors disclose no relevant conflict of

interest.

1B STk
EYRHVEAT T 7 BT N A B 5180

5, EERET T REO, A B2 S
TR HEESBY, FrAfEE e EE T
AT IFRIRAL

The scheme design, content summary, and
paper writing were carried out by Peng Yingnan.
The experiment was conducted by Wang Xiusen.
The manuscript was revised by Zhong Zaimin and
Wang Yeqin. All authors have read the last version

of paper and consented for submission.

[1] #Wiix, Bk, % KETFUBEHLBILHE

W ESARITTJ]. T HR, 2021, (19):
76-79.
HUNAG HY, MAO Y F, WANG Y. Electromagnetic
calculation and finite element analysis of long stator
doubly-fed linear motor [ J]. Electric Engineering,
2021, (19): 76-79.

[ 2] XU, Waams. TR il ki U 4 B2 i MLk

BFERGCHE A YT RI AT IE[T]. LS
IR, 2024, 51(10) : 98-105.
LIU J B, LAN Y P. Research on improved active
disturbance rejection control for the maglev system of
hybrid excitation flux switching linear motor [ J J.
Electric Machines & Control Application, 2024, 51
(10) : 98-105.

[3] FEEE®, 2, RN, % BETHEN A STt

wHL LB [T]. LS 4 A,
2020, 47(6) ; 6-11.
SULY F, LI X, LI X Z, et al. Precise linear motor
motion control based on fuzzy ADRC []J]. Electric
Machines & Control Application, 2020, 47(6): 6-
11.

[ 4] X7, HEhtk, B8, . BT Tl &)k
WEIR A R HL B A& PID #5561 ()], bS5
IR, 2020, 47(4) ; 18-23.

LIUY, YANG W L, BI K T, et al. Adaptive PID
control of permanent magnet synchronous linear motor

based on disturbance observer [ J ]. Electric

Machines & Control Application, 2020, 47(4) .18-
23.

[5] ®hesk, Falb®y, 3¢ % 5280 i g2 0 ol
HeiF B WA ARG R R [J]. ATIERE, 2023, 2
(4): 105-114.
ZHONG Z M, WANG Y Q, JI W. Innovative

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



10

SR, T FXLMS S0k Y XUt 1A ML A AL P T R ) T A M

PENG Yingnan, et al; Adaptive Compensation Control of AC Electromagnetic Torque for Doubly-Fed Linear Motors

Based on the FxLLMS Algorithm

[10]

[11]

[12]

[13]

[14]

exploration  of  normal  conductor-based  AC
electromagnetic suspension technology for high-speed
maglev transportation [ J]. Science and Technology
Foresight, 2023, 2(4) . 105-114.

ZHONG Z M, SHAO Z S, REN J, et al. Thrust and
levitation coupling and fluctuation analysis of linear
doubly-fed induction motors with variable air-gap
[J]. IEEE Journal of Emerging and Selected Topics
in Industrial Electronics, 2022, 3(4): 1177-1186
WANG Y Q, SHAO Z S, ZHONG Z M, et al.
Quasi-synchronous operation of a long-stator doubly

control of both
IEEE

fed linear motor with accurate
propulsion and contactless power transfer [ J].
Transactions on Transportation Electrification, 2023,
9(1): 689-698.

XIE F, LIANG K K, WU W M, et al. Multiple
harmonic suppression methods for induction motor
based on hybrid morphological filters [ J]. IEEE
Access, 2019, 7. 151618-151627

MAO B, ZHU H. Unbalance vibration suppression
control of PMa-BSynRM based on total least square
adaptive filtering algorithm [ J]. IEEE Journal of
Emerging and Selected Topics in Power Electronics,
2023, 11: 5798-5808.

WANG X, ZHU H Q. Vibration compensation control
of BPMSM with a dead-time effect based on adaptive
[ J]. IEEE
Transactions on Power Electronics, 2022, 37(6):
7145-7155.
TRZYNADLOWSKIA M,

PEDERSEN ] K, et al

neural network band-pass filter

BLAABJERG  F,
Random pulse width
modulation techniques for converter-fed drive systems-
a review [ J]. IEEE Transactions on Industry
Applications, 1993, 30(5) : 1166-1175.
PINDORIYA R M, RAJPUROHIT B S, KUMAR R,
et al. A novel application of harmonics spread
spectrum technique for acoustic noise and vibration
reduction of PMSM drive [ J]. IEEE Access, 2020,
8. 103273-103284
SHAFI K P M, PETER J, RAMCHAND R. Hybrid
PWM-based nearly

hysteresis controller for VSI-fed IM drives with

constant switching frequency

reduced peak-to-peak torque ripple [ J]. Journal of
Power Electronics, 2023, 23(11) . 1712-1723.

SRENE, SRAE ) WABH. B TR AR I AR
KRR F DL R I BS [ 1], B LS 4l

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

2024, 51(5): 39-49.

CAI Q L, BAO X H, HU W, et al. Electromagnetic
noise reduction of submersible induction machine
based on hybrid harmonic injection [ J]. Electric
Machines & Control Application, 2024, 51(5): 39-
49.

XISCH, A, Kde € TR BOE AR
AR gR YRS T PMSM BiAEMISI JrE (1], BblS
RN, 2023, 50(1) : 1-8.

LIUW B, HAN X Y, ZHU L F. Loss suppression
method of PMSM driven by inverter based on
harmonic injection algorithm [ J]. Electric Machines
& Control Application, 2023, 50(1) . 1-8.

WU Z Q, YANG Z J, DING K, et al. Order-domain-
based harmonic injection method for multiple speed
of PMSM [J]. IEEE
Transactions on Power Electronics, 2021, 36 (4):
4478-4487.

LANGHECK A, KRAHE D, BREINING P, et al.

harmonics suppression

NVH optimization in PMSM through harmonic current
injection with optimum current trajectory [ J ].
Electromechanical Drive Systems, 2021, 1-8.

WIDROW B, STEARNS, et al.
Processing [ M]. New Jersey: Prentice-Hall, 2008.

WIDROW B, GLOVER J R, MCCOOL J M, et al.

Adaptive Signal

Adaptive noise canceling: Principles and applications
[J]. Proceedings of the IEEE, 1975, 63 (12):
1692-1716.

BURGRESS J C. Active adaptive sound control in a
duct: A computer simulation [ J]. The Journal of the
Acoustical Society of America, 1981, 70(3) . 715-
726.

SCHUBERT D, ANGERPOINTNER L, HECKER S,
et al. Active vibration cancellation using a multi-
harmonic controller [ C]//2020 IEEE Conference on
Control Technology and Applications, Montreal,
2020.

WANG X, STEVE SUH C. Nonlinear time frequency
control of PM synchronous motor instability applicable
to electric vehicle application [ J]. International
Journal of Dynamics and Control, 2016, 4. 400-412.
WANG Y Q, HUANG F C, LIU H B. Adaptive
filtered x-least mean square algorithm with improved

[T]

Proceeding of the Institution of Mechanical Engineers

convergence for resonance suppression

Part I; Journal of Systems & Control Engineering,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HAL

HEHINE, %524, %14
Electric Machines & Control Application, Vol. 52, No. 1, 2025

11

[24]

[25]

[26]

[27]

2014, 228(9) : 668-676.

SCHUBERT D, ANGERPOINTNER L, HECKER S,
et al. Adaptive compensation of three-phase voltage
source inverter nonlinearities in acoustic applications
[C]//2021 IEEE Conference on Control Technology
and Applications, San Diego, 2021.

CONCARI C. Active vibration control via current
injection in electric motors [ J]. Electronics, 2024,
13(17) : 3442.

REITMETER D, MERTENS, A, et al. Active
reduction of gear mesh vibrations by drive torque
control [ C] //2023 TEEE International Conference on
Mechatronics, Loughborough, 2023.

ARAPAS. WS L AL [R] 20 a2 47 T P G ey
WETE I T CHERIRR] D], B I K2, 2023.
SHAO Z S. Quasi-synchronous operation of doubly-
fed linear motor and its key technology of highspeed
maglev application [ D]. Shanghai; Tongji University,
2023.

[28]

[29]

PRRE, El B, A AR, AF. BRI A O A A
et W J7 ¥k B A KA i CN202310826989. 0
[P]. 2023-10-24.

WANG X S, ZHONG Z M, WANG Y Q, et al.
Magnetic levitation control of doubly-fed linear motor
with multi-phase AC excited move [ J]. TEEE Journal
of Emerging
Electronics, 2024.

and Selected Topics in Power

Wk H 11 .2024-08-20
W& RS H 1 .2024-11-07
YEH A

WYL (2000-) 5 WHWFT A A9 O 1) SR 45 FH R

IKBh R 45 ,2332873@ tongji.edu.cn;
« S AFAER  EAL B (1987-) 35 Tt B BECRZ , F 50
77 1) Sy B SRS U B 3R B, yeqin_wang@ tongji.edu.

cn,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



