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Development of a Small UGV for Vertical Obstacle Negotiation
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There have been many researches about SUGV (Small Unmanned Ground Vehicle) mechanism
regarding off-road mobility and obstacle negotiation. This paper introduces an analysis of
geometry parameters to enhance the vertical obstacle negotiation ability for the SUGV. Moreover,
this paper proposes an anti-shock structure analysis of wheels to protect the main body of the
SUGYV when it falls off a vertical obstacle. Major system geometry parameters will be determined
under certain constraints. The constraints and optimization problem for maximizing the ability of
vertical obstacle negotiation will be presented and discussed. Dynamic simulation results and
experiments with manufactured platform will also be presented to validate the analysis. Several
types of wheel materials and structures will be compared to determine the best anti-shock wheel
design through FEM (Finite Element Method) simulations.
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1 =total length of a robot body

d = distance from center to C.G point
r = radius of a wheel

b = length of a flipper

0 = attack angle

my; = mass of a battery part

m,= mass of a motor part

x; = distance from center to m,;

X, = distance from center to m,
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Table 1 Characteristics of mobile mechanisms
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Fig. 6 Obstacle height( H ) with d ,6

Table 2 Design parameters

[ | Total length of a robot body 500(mm)
d | Distance from center to C.G point | 40(mm)
v | Radius of a wheel 90(mm)
b Length of a flipper 290(mm)
6 | Attack angle 50 °
m, | Mass of battery part 4.4(kg)
m, | Mass of motor part 2.4(kg)
X, |Distance from center to 77, 198(mm)
X, |Distance from center to 71, 250(mm)
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Table 3 Simulation Type

Wheel Structure Material Properties
Type A
Material 1 | Young's Modulus :
2.7(GPa) Fig. 8 Simulation Setup
Acetal Density :
1.41 (g/em2) Table 4 Simulation Result
0y o]
Poisson's Ratio : No | Structure Material yield max
035 (MPa) (MPa)
Tvoe B : 1 Acetal 58.8 299
ype Young's Modulus : 2 Type A UHMW.PE 38 9%
Material 2
' 0.9(GPa) 3 Acetal 58.8 49
4 | PP T onmweE | 38 16
UHMW. Density : :
PE 0.93 (g/cm?2)
won Mises (N/m”~2)
. 1 . . 96,297,432 0
Poisson's Ratio : l .
0‘35 . 80,249,4450
. 722254560
- EB4,201,4640
. SE17T47Z0
Lo 48,153.476.0
_ 401284840
. 321054940
- 24,081,5000
16,057,2090
l 8,033516.0
95738
(@ (b) Fig. 9 Stress distribution (No.2)

Fig. 7 Tire structure (a), Suggested wheel structure (b)
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von Mises (N/m 2}
45,050,412,0
l 44,990,720,0
_ 40,901,024.0

_ 36,811,330

_ 32,721,640.0
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von Mises (N/m™2)

16,203 634,0

l 14,853 356,0

_ 13,503,083.0

_ 12,152,807.0
_ 10,802532,0
. 94522560
5101,951,0
£,751,705,5
_ 5401,4300

| 4,051,154,3
2,700,578.8

I 1,350,603.3
327.7

Fig. 11 Stress distribution (No.4)
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Fig. 15 Experiment - Climbing

Fig. 16 Experiment - Falling off
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