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Abstract: A magnetic levitation actuation system based on force imbalance is proposed, and a neural network

PID (Proportion Integration Differentiation) control method is designed to activate actuation of external

magnetic field, which can effectively deal with the complex actuation system with nonlinear and unclear model

parameters. Experimental results show that the proposed control algorithm solves the problems such as the

increase of deviation between the controlled object and the steady-state operating point and the rapid dete-

rioration of tracking performance in the model-based control method. The stable levitation and high-precision

controllable motion of the magnetic ball in two-dimensional space is realized. It can be applied to the non-
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destructive quality detection of the inner wall and the internal dredging of the long and thin pipeline in the

industrial field, and the examination and operation of the blood vessel and intestinal cavity in the medical field.

Key words: external magnetic field; two-dimensional levitation motion; active magnetic levitation actua-

tion; neural network control; force imbalance

0 31 §

MY AR 5 4BUROR 22 K e i 3 B AT e ERT
BRI E Sz shizh] . BA DT R g
X G RR R BRBE LS 1 , CEAMINRESZVERTT , w4
X QAW R 7 A J1, IS BB X 4
REITIZEl . BYUNSF YRR 1 — Rkt stk o)
TRIHLER N o BLae A X 2 2 A 22 2k P 2
AL wE sl , dl i R R A TIE s, H7 1) A
KBV . JANG BRI T —Fhas SR
FN B 1 WK S W AR AIL A B8 3% , by i IfL
ERHIESRUE T BT AR Tk . D7k
S ASHR LG TR AL, A5 B
ERPEREMR AL | FEHRIBE AL | FEHVE R BN
e, HABESCBg N R by gtz sh. 5
PRI PP SR SR B R 22 T 23 SR, AR LA
PRI AR BTN ANE R Z IR . Z RT3
AEIEAR IR AT, H AT IR RGO
FITHERPRE , (A HME T EATSEBRL T R,
E BB KB HRAE SR TV A B P U A T
i L5 FH AT

$e T RTF S RIS 7 AR/ NER

kbR —~ [

HLREIR Sl 1
TR A

dm KT

EE%Z}%@’J Tl R R & oL (BT
J u PWMAR R
A/D & D/A
L SR B4 4 | |
Zoria s, 5
e ADCHEER

TR T HRRTEWEN Tk, Wt TR T RS
TR G E SRR IR RS, A F SRR TR
YREN R G — D IFRATRE AL R G, M2
N TARLME BRI E e R G A RAFHY
WENRETT, R, FFrp 2 2855 PIDFEd | 1k
sl AR S &, fil 1 S 2R K Eh R Ge il o
SR ASEEE , ST R/ NER AR E B A
AYERTRIE G, T DY R RS AR A AR S B
PR32 T, R R IR AR AR AR BE 22 7307 3 U3 o
PERIRREMERIRGIE . 207 W AR A 1B i R
JEEA A PN BEAGIN AN PRI TR AL TR AR
FBE, PRy 7 U A M i 4 P9 RS A A A R R
TR T 5

1 HEigER

Bt 7T AR S 05 U T4 E B
TRURB AR GE . WK AR GEHLARR 73 Hhy P 2 X6 ok 70 1Y)
FL TG S Bl A F L, A TR P 4 2 BURE R AR TR 4
S, BEAERR 3 by R R K B AR B | 2 I as B |
PWMEEER | A/D&D/A St | Fiifil 4 1 E 4%
FATTAR R, BRAERR 23 2R A 28 N 4% PID 42 1 553
XFSEGHATIRY, KA 1 TR

[E 0 — 2 8 7L e S
Fig. 1 Schematic diagram of 2D magnetic field drive
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Fig.4 Magnetic field distribution of 2D maglev actuation system and finite element simulation of electromagnetic force
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Fig. 13 Dynamic position response of ball with different step length in ascending motion
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Tab.2 Comparison of vertical dynamic characteristics

BIFLE izl K /mm FaE(H/mm A A2 /mm BIEE/ % PE AT B E] /ms
3.800 —25.566 0.256 111.20
1.900 —25.550 0.196 137.78
—25.500
i 0.950 o —25.546 0.176 154.62
0.476 —25.532 0.129 196.20
LIS )
3.800 —21.676 0.115 112.68
1.900 —21.686 0.074 149.08
o —21.700
0.950 —21.688 0.051 177.36
0.476 —21.692 0.032 226.42
2.120 —21.202 0.252 116.98
1.060 —21.182 0.156 150.82
% —21.150
TH 0.530 —21.176 0.118 179.20
0.266 —21.170 0.098 201.82
i
LM 2.120 —18.990 0.262 120.12
1.060 —19.000 0.210 156.86
T —19.040
0.530 —19.016 0.131 186.58
0.266 —19.036 0.032 24718
2120 —21.590 0.418 88.62
1.060 —21.516 0.070 145.22
T —21.500 i ;
0.530 —21.512 0.056 232.08
0.266 —21.508 0.042 251.0
Al
A 2.120 —19.330 0.103 128.30
1.060 —19.282 0.351 147.72
Tt . —19.350 N )
0.530 —19.338 0.057 235.02
0.266 —19.346 0.026 256.66
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Fig. 14 Position response of horizontal motion
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Tab.3 Comparison of horizontal dynamic characteristics

R BVEEE/mm EEHTEE/mm EIE R /mm
—16.850 0.184 4.590

Rhg e mi —17.705 0.140 3.536
—18.640 0.086 1.808
—16.850 0.202 2.718

Bhge A M —17.705 0.166 2.336
—18.640 0.160 1.944
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Fig. 15 Actual levitation actuation effect
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