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Optimized Design of Magnetic Adsorption Unit for
Wall-Climbing Robots Based on Halbach Array

SHEN Qingqing,ZHANG Jin, LI Gen

(College of Mechanical Engineering,Zhejiang University of Technology , Hangzhou 310014, China)

Abstract; Aiming at magnetic adsorption unit for wall-climbing robots low utilization of magnetic energy, the paper

studied the structural parameters of Halbach permanent magnet array. An optimization goal (ratio of the maximum

adsorption force and adsorption unit weight) and constraints of the magnetic adsorption unit were established. The finite

element models and methods was verified by based on experimental data. The magnetic adsorption unit was optimized by

combining Isight software and finite element analysis. The simulation results show;in the Halbach permanent magnet

array, the horizontally magnetized permanent magnet mainly guides the magnetic field lines, the perpendicular

magnetized permanent magnet mainly produces the magnetic field lines which go through the wall and form a magnetic

adsorption force; the ratio of the maximum adsorption force and adsorption unit weight is up to 1156, the magnetic

energy efficiency greatly improved.
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Figure 2 Linear Halbach permanent magnet array
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Figure 3 Halbach permanent magnet

array adsorption unit
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Figure 6 Finite element model of

adsorption unit (air unit Faded)
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Figure 9  Finite element model of adsorption unit
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Figure 10  Relationship between air gap and adsorption
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unit with angular deviation
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Figure 12 Adsorption force curve varies
with the angle of deflection
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Figure 13 Adsorption unit deflection schematic
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Figure 14  Finite element model of adsorption
unit (both sides with a soft iron)
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Figure 15 Magnetic flux density vector
graphic of Adsorption unit and wall
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Figure 16  Adsorption unit’s geometric parameters
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Table 2 Parameters comparison before and after optimized

a,/ ay/ b/ b/ 4/ L/
S

mm mm mm mm mm mm
fALHT 20.000 20.000 20.000 30.000 3.000 3.000
etbia 11.973  24.204 12.159 39.998 1.004 1.213

AL HCE  12.000 24.000 12.000 40.000 1.000 1.000
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Table 3 Results comparison before and after optimized

i Wk F/N o ABBUE G,/ ke A
ALY 654 0.790 828
AL fE 576 0.498 1156

RiACYIE: 572 0.499 1146
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Figure 17  Finite element model of

adsorption unit after optimized
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Figure 18 Magnetic flux density vector

graphic of adsorption unit and wall
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