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Article history: This paper presents the results of a study on the optimal footpad design for
Received 18 June 2014 vertical climbing on acrylic surfaces with various curvatures used Taguchi
Revised 24 July 2014 methods. For a climbing robot, the adhesion system plays an important role in the
Accepted 29 July 2014 climbing process. Only an appropriate adhesion strength will prevent the robot
from falling and allow it to climb normally. Therefore, the footpad is a significant
Keywords:

parameter for a climbing robot and should be studied. Taguchi methods were
used to obtain a robust optimal design, where the design variables were the flat
tacky elastomeric shape, area, thickness, and foam thickness of the footpad.

Optimization design
Wall-climbing robot

Dry adhesive Experiments were conducted using acrylic surfaces with various curvatures. An
Soft elastomer optimized footpad was selected based on the results of the experiments and
Robust design analysis, and the stability of the wall-climbing robot was verified.
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Fig. 1 Mechanism of robot adhesive unit
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Table 2 Level of design parameters on 1st experiment

Level
Parameters
1 2 3
Shape (Foot) Square Circle Oval
Area (Foot) 1 cm? 2 cm? 3cm’
Thickness (V10) 1 mm 3 mm 5 mm
Thickness (Form) 5 mm 10 mm 15 mm
Oval
-
&£ S
A B
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3 om’

Fig. 3 Experiment candidate for 1st experiment
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[ Set-up of optimal design goal ]

Selection of objective function
and design parameters

[ Selection of user conditions ]
Design of test combination using @
orthogonal array and linear graph £ < =i
0 222 |
88 9 ii
; - S =2 ji
[ Test or simulation perform ] S>3 i
PR
aYs g 0
[ Sensitivity analysis based on SN ] - —]

ratio

[ Optimal design completion ]

Fig. 7 Procedure on Taguchi method
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Table 3 Design and result of 1st experiment based on L9 (34)

. User conditions
Simulation | Design parameters N ‘ N, ‘ Ns SN ratio

number (dB)
A|B|C|D Adhesion (gf)

1 1 1] 1] 1| 210 | 206 | 205 | -46.3

2 1 12| 2| 2| 176 | 163 | 173 | -44.6

3 13|33 | 47 37 77 -35.0

4 2 (1|2 | 3|19 | 203 | 195 | -46.0

5 212|131 87 58 64 -37.0

6 2 (3| 1| 2| 162 | 15 | 157 | -44.0

7 3 (1|3 |2 | 179 | 166 | 176 | -448

8 312 |1 | 3| 193 | 183 | 179 | -453

9 3 (3|2 | 1| 148 | 158 | 156 | -43.8

A: foot shape of robot, B: foot area of robot, C: thickness of

adhesive material, D: thickness of foam. (refer to Table 2)

Ni: flat surface, N,: radius curvature of wall = 1000 mm, Ns: radius

curvature of wall = 1000 mm.

first experiment

S/N ratio

-46 |
foot shape foot area thlcknes foam

Fig. 8 S/N ratio of 1st experiment
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Table 4 Level of design parameter on 2nd experiment

Level
Parameters
1 2 3
Shape (Foot) Square
Area (Foot) 3 cm? 4 cm? 5 cm?
Thickness (\V10) 5 mm 6 mm 7 mm
Thickness (Form) 15 mm
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Table 5 Design and result of 2nd experiment based on L9 (34)

Design User conditions
Simulation SN ratio
arameters
number P A ‘ N. ‘ Ns (dB)
A B Adhesion (gf)

1 1 1 145 123 | 143 -42.8

2 1 2 85 89 125 -40.1

3 1 3 40 57 98 -36.8

4 2 1 117 145 | 148 -42.8

5 2 2 20 87 75 -36.6

6 2 3 70 129 | 121 -40.8

7 3 1 133 91 123 -41.4

8 3 2 30 48 98 -36.3

9 3 3 -7 40 78 -34.1

second experiment
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Fig. 9 S/N ratio of 2nd experiment
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