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Design of Hybrid Magnet Wheels using 3D Finite Element Analysis for

Wall-climbing Robot

Seung-Chul Han®, Jae-Yong Lee™ and Jin-Ho Kim™

Department of Automobile, Yeungnam College of Science & Technology”
School of Mechanical Engineering, Yeungnam University™

Abstract

We propose a new design of the hybrid—-magnet wheel to make it possible for a mobile
robot to be attached to the vertical plane and be in motion. In the new suggested design,
a permanent magnet is utilized to enhance the adhesive force, while an electromagnet is
adopted to reduce the magnetic field and the adhesive force for detaching easily. To
analysis the performance of the robot, 3 dimensional finite element analysis is executed
using commercial electromagnetic analysis program, Maxwell. The results show that the
adhesive force is reduced effectively by the electromagnet in the new designed robot

system.
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Fig. 2 Structure and operation principle of
permanent magnet wheel (a) attaching
mechanism (b) detaching mechanism using
inducing pins
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Table 1 Magnetic properties of NdFeB35

Relative Permeability(Mu) 1.099
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Fig. 5 Initial magnetization curves of 1010

steel

SO EIo XAdRel dR0e REES
&) OHX| AEUS JRo 42 REES & M
£ 20 A= RS HAKIRLD, dH01E2E



, 0lE, 2a

]
ol
[l
for

>

AHIRCl BR0l= XA CIIHE MRt
20| 2AAHE ZAH| o XA 0(A)
2500(A/T)IEXT 100(A/T)™ SIHAPIBA =
QAGHAS SHACHL =, &R0l 100(turn)
22 FHZN AT (AN MFE SIHAIR

P
L

bal

o

by o T o

AL
a

g2 g4dotn, KREEs dY 3
23.93(N)2Z 2 90% T 2AEH

Table 2 Magnetic force of inducing pin type
of magnet wheel

With pins [ Without pins Ratio

Force(N) 23.93 229.43 10.4%
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Fig. 6 Magnetic attaching force according to
current applied to electromagnet of hybrid
magnet wheel
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(b) 1000 (A/T)

Fig. 7 Plot of magnetic flux according to
current applied to electromagnet of hybrid
magnet wheel
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