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Research on magnetic field drive modeling of micro
robot based on gradient intensification

Fan Qigao, Zhao Zhengqing, Xie Linbai, Huang Wentao, Zhu Yixin

(School of Internet of things Engineering , Jiangnan University ,Wuxi 214122, China)

Abstract : Magnetic field drive technology has become current research hotspot in the field of micro-robot operation. A gradient-enhanced
magnetic field drive system is designed. Firstly, the iron core end model was established, the end shape was designed, and finite
element method was used to optimize the iron core coil parameters to meet the system index requirements, such as magnetic induction
intensity, magnetic field gradient, magnetic field uniformity and working space. Secondly, the designed magnetic drive system was
simulated with ANSYS and tested in experiment. It is concluded that the maximum magnetic induction intensity at the working space
center of the magnetic drive system is 73.93 mT, the maximum magnetic field gradient at the working space center is 8. 68 T/m.
Compared with the gradient magnetic field drive system studied in other literatures, the performance has improved significantly. At the
same time, the motion control experiment analysis on the designed new magnetic drive system was conducted. The results show that the
system can perform closed-loop position control of the magnetic beads under different environments. The average error for driving the
magnetic beads moving along the predetermined trajectories under the silicone oil environment with different viscosity is 0. 066 mm at
most, and the maximum root mean square error is 0. 078 mm.

Keywords : magnetic drive system; parameter optimization; finite element method; closed-loop control
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Fig. 1 Trapezoidal iron core end
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Fig.2 Iron core structure
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Table 1 Parameters for optimizing the design of the

distance a from the iron core to the center
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Fig.3 The changing curve of the magnetic induction intensity

corresponding to the distance a from the iron core to the center
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Fig.4 The changing curve of the magnetic induction

intensity corresponding to the end length b of the iron core
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Table 3 Parameters of the magnetic drive system
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(b) Experiment measurement of an energized single iron core coil

K5 GRS 3 54

Fig.5 Magnetic induction intensity distribution

—
W
=]

Tk /& BL5E BE B/mT
o
(=)

w
f=]

0 10 20 30 40 50 60 70 80
A7 B /mm
(a) W BLE IR (7 BR T 0 B 45 SR AN SE a0 il
(a) Finite element simulation result and experiment
measurement along a predetermined trajectory



118 %/ X F % W 428

1 8 9 16 80y
70 +
2 7 10 15 oar
e
"
= 40t
3 6 11 14 5
% 30}
!
20+
4l s 12 13
(b) M RBLAUCIES SR o
(b) Collecting data along measuring trajectory 0 , , h ‘ : ) L . . A
05 1 15 2 25 3 35 4 45 5
B6 3&5A TGRS ( )$’I‘%Ei§%ﬁ5ﬁ?ﬂ‘@%ﬁ/§;ﬁ* e S )
a 2 -5 Al N
Fig. 6 Magnetic field measured under current of 5 A TR N2 5 P PR A R e 1 A B

(a) Finite element simulation and measurement data of
the magnetic induction intensity generated atthe center of
the working plane when the single coil is energized with 0~5 A
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Table 6 Parameters comparison between existing

system and the proposed system
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Fig. 8 Experiment environment setup diagram
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Fig. 9 Movement process of magnetic beads along square path
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Table 7 Comparison of the movement errors of magnetic
beads along square path under different viscosity

silicone oil environment
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Fig. 12 Movement process of magnetic beads

along Z-shaped path
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Table 8 Comparison of movement errors of magnetic
beads along Z-shaped path under different viscosity
silicone oil environment
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