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Abstract

Recently, the intelligent service robot is applied for the purpose of guiding the building or providing
information to the visitors of the public institution. The intelligent robot which is on development has
a sensor to recognize its location at the bottom of it. Four wheels which are arranged in the form of

a lozenge support the weight of the components and structures of the

robot. The operating

environment of this robot is restricted at the uneven place because the driving part and internal
structure is designed in one united body. The impact from the ground is transferred to the internal
equipments and structures of the robot. This continuous impact can cause the unusual state of the

precise components and weaken the connection between each structural

part. In this paper, a

suspension system which can be applied to the intelligent robot is designed. The dynamic model of
the robot is created, and the driving characteristics of the actual robot and the robot with suspension
are compared. The road condition which the robot can operate is expanded by the application of the
suspension system. Additionally, the suspension system is optimized to reduce the impact to the robot

components.
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Main wheel

Auxiliary wheel ,

Fig. 1 Schematic of suspension system of intelligent
service robot
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Fig. 2 Internal structure design (a) and dynamic
model (b) of intelligent service robot
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Fig. 4 Vertical acceleration in dynamic analysis of
passing over bump
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Fig. 5 Main frame height in dynamic analysis of
passing over bump
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Pitch angle
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Fig. 6 Pitch angle in dynamic analysis of passing
over bump
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Fig. 7 Main frame height in dynamic analysis of
passing over different bumps
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Table 1 Design parameters of robot suspension
system for sensitivity analysis

Factor Min. Current Max.
Kmain 75 10 125
Kfront 6 8.5 10
Krear 5 6.5 8
Crain 0.2 0.3 0.4
Ciront 0.3 0.4 0.5
Crear 0.5 0.6 0.7
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Y'=897.53+ 34.85X, — 84.97X, + 21.30X, (1)
—12.01.X, + 18.09.X; + 146.61.X,

-100 -50 0 50 100 150

X1
X2
X3
x4
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X6

Fig. 8 Result of sensitivity analysis
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Table 2 Selected design parameters for experimental
dynamic analysis

Factor (-1) (0) (+1)
Kmain Xl 8 10 12
Kfront X2 6.8 8.5 10.2
Crear Xs 0.48 0.6 0.72

Table 3 Result of experiment for response surface
methodology

Bl X1 X2 Xe Y
1 8 6.8 0.48 818.90
2 8 6.8 0.72 1160.66
3 8 10.2 0.48 695.90
4 8 10.2 0.72 945.25
5 12 6.8 0.48 815.00
6 12 6.8 0.72 1149.04
7 12 10.2 0.48 689.73
8 12 10.2 0.72 1047.18
9 0 0 0 887.47
10 7.57 0 0 899.60
11 12.43 0 0 907.46
12 0 6.43 0 960.95
13 0 10.57 0 833.73
14 0 0 0.45 714.57
15 0 0 0.75 1048.97

Table 3= A 78 w2 23 wdo] g4
53 314 AE wolFTh AEE Auge
2 % wFt 248 EaE ¥ F wEea)
Aol HAE well vel= Ao yERsHh
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34 29 e Aok 2k

Y'=879.74+8.20X, — 65.73 X, )
+154.16 X5 + 17.81 X7+ 13.62.X;
+3.10X2+ 13.91.X, X, — 8.63X,.X;
+12.55X, X,

Table 4 ANOVA table for verification of recursive
model function

Factor S D \Y FO |F(0.01)

Regression
Variation | 314135| 3 |104711]308.2 | 6.22

Residual
Variation 3737 |11 339

Sum 317872 14

Table 4914 FO ko] FO.OLELTF Znz 9|
FFE 1% T Yol =AY 37 wnd v}
A E 2= e & 5 Uk AA 75 =3
I @rp A 2glol| A8 Thseh AASS aEgh A
Al WAFE Matlabe] AlFste HAs =4 F
SQP(Sequential quadratic programming)<S 283}
HA e Ay, Hye] AA W19 WolA K
Kioni= 7L 3ol 255, Cras L ft0] HAETF
Ao 54 7HEEE HAIA L 7 de AR

Uebgtl 1 A3k Table 59 2t}

Table 5 Optimization result

Factor current Optimized
Kmain 10 12
Kfront 85 10
Crear 0.6 0.2

Max. Acc. 908.53 663.58

\Vertical Acceleration
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@
E
£
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-1000.0 - :
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Fig. 9 Optimized vertical acceleration
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