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Harmonic control of low-frequency electromagnetic vibrator based on
approximate solution of electromechanical coupling equation

Zhang Xufei, Wang Shuo,Ma Jie,Cao Chengqian

(College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Aiming at the severe waveform distortion of output vibration signal caused by nonlinear parameters of the long-stroke low-
frequency electromagnetic vibrator, the preliminary harmonic compensation control was carried out based on analysis of electromechanical
coupling model and equivalent transfer function. By calculating the first and second-order approximate vibration displacement solutions of
the electromechanical coupling equation that characterize the nonlinear characteristics of the vibrator, the accurate harmonic
compensation control quantities that need to be superimposed on the input signal was analyzed, and then the high-precision compensation
control of the output signal waveform distortion was obtained. The simulation analysis and experimental test results show that the control
method based on transfer functions and approximate solutions could effectively compensate the output signal harmonics in the entire
frequency range. Typically, the acceleration distortion corresponding to 0. 1 Hz was reduced from 22. 81% to 4. 5% by transfer function
control, and further reduced to 4.42% and 1. 78% by the first and second-order approximate solution control, respectively. The results
show that the second-order approximate solution method exhibits higher harmonic control accuracy.
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Fig. 1 Simplified structure of electromagnetic vibrator
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Fig.2  Electromechanical coupling model
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Fig.3  Simulation model of vibrator
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Table 1 Vibrator coefficients and parameters
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Fig. 4  Voltage-displacement frequency characteristic curve
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Fig.5 Acceleration distortions at different frequencies
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Fig. 6  Acceleration waveforms at 0. 1 Hz
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Table 2 Harmonic amplitude comparison
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1.0 2.37x107  3.33x107°  9.92x10™*  9.50x107*
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Table 3 Experimental device model and technical

parameters

SERAE R RS
Ry s W DG-812 B KA AR . 10 MHz;

_ e RRBEIIE 400 kS/s;

F NI-USB-6212
PRI R FEIF 43 B .50 ns;
YIREKRA  ¥rJ1 GF-300W AR B . < 0.1%

. é TER < 1% 5

G M3yl Ere20 mmiSREERD < a1

M O A% . 0~ 1 kHz

1 Hz, #4514 H A 3 30 57 B 645 iR (e 1R R S 17 B
SIPTIEEUY 6 mm,, £5 R ] 7 o6 i AR B 1E 5 Y
I AME S B R AR 2.2 M 3.2 TR R,
4.2 LISEERSH

g T 0 AT S 50 T 5 2 R X A T 1 R IR 4 R
SRR 5 AT R4 I A5 B R sh o (5 5, 8
T AT 3 BT A B4 T A B R I A LS 0 iR Bl
JER ECRE N 8 BTN o R UL, i I M 42 o A, ok
BB JEERE R N KT 10% , Fepli, hiE 9
Al UL, 0.5 Hz X0 4 B 3h o s 3 i 0 s A8 7 5, AR,
F L 8 ] L, B % 33 o BR , — R B U RL R 14 T
AMERE IS | HR 2 0 R O R A R S B B N 34 B
R T 3 R 48 1) K B0 3 7 S A i i A B B4/ T
At 368 R ESCE ), 2R W I R0 A 4 o B A T G Y R B o R
I 30 e e s A Ak R T L, R L A R
T U AR ], 76 BN B P 2K LB I P LA 2%
AN, R — UG R 2 i 69 0. 5 Hz ik B 2K
JE E AT Y 18 3% FEARA 1. 82% , 1M — Y3k Bl i 4%
il — 2 B AR R 1. 2% , Hh & 9 AT D, A0 I A 4% h % B
A A8 0 R A% 338 bR R, — U T ORI L AR 2 i i A5 31 BH
LTAE

20r —a— Bl

—e— TR B
- U LR
. o YO AR

IR R EE %

?-...—..—.-:-_—._—__—.:_:__—.3.—_:_—_-?-.—..‘..‘2
0 ' ; .
06 08 1o

i Hz

P8 AN [ il 3 9 i i 2K JCEE

Fig. 8 Acceleration distortions of different control methods
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Table 4 Harmonic amplitude comparison
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