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Development of Star-shaped Wheel with Light-weight Mobile Volcano Exploration Robot and
Evaluation of Performance on Gravel Field
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Masataku SUTOH , Keiji NAGATANI , Kazuya YOSHIDA (Tohoku Univ.)

The surfaces of volcanoes are covered with loose soil and gravel. Because of the weakness of the ground,
the wheels of mobile robots can slip and get stuck. To avoid this problem and enhance the traveling
performance, we developed a star-shaped wheel. In this paper, the star-shaped wheel is described in detail
and its traveling performance is evaluated. To verify the effectiveness of the star-shaped wheel, we carried
out slope-climbing test using a two-wheeled robot equipped with lugged/star-shaped wheels and compared
their traveling performances. The experimental results confirmed that the star-shaped wheel has a higher
traveling performance than the lugged wheel in gravel field.
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Fig. 1 Volcano exploration scenario using a multicopter
and a mobile robot

Fig. 2 Mobile volcano exploration robot, GeoStar
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Fig. 3 Model of the star-shaped wheel
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(a) Star-shaped

(b) Lugged (c) Slanting lugged

Fig. 4 Wheels with various geometries

3 000000
3.1 00OO0OO0OO0OO0ODOO

GeoStar 0000 00000000000000000
00000000000000000000000000
00000000000000000000000000
00 s00000000 wrad/si 00000 r [m000
00 V[m/sj 00000

rw—V :1_K @)
rw rw

S =

000000 4o0oo0ooo00 00000000
goboOooOoOoooOoooDooOoobooOOoOobD voooo
ubbod r000000000D000 s=0000000
goooooooooooooooooooooooo v
goooobooooboOo s=1000000000000
gooooooooooooooooboobooooobobooboooo
gbooboobooboooboooooboooooooo
ub sOoooobooboobooooboooo

3.2 0000

000000000000 4(.)00000000000
000 4(b) 000000000000 4(c)0000000
000000000000000000000000000
0000000000000000000000000000
0000000 4(c)0000000000000 Type.AD
00000000 TypeBOOOOOOOOOOOOO

01000000000 GeoStar 1000000000
000000000000000000020kg0000
ooooooo

3.3 O0OOOOoono

goobo0O0ogoosbb00o0ooboooooobooooon
gbooooooobooboooooobooooboobo
gooooobO000o00oooDb 10mm 0 40mm O00O0O0O
00000 0.33g/em® 0000000000 O0O00ODODOO
oo smO00d oomOOO00000 02m 0000000

Table 1 Specification of the GeoStar

Size [mm)] L620 x W245 x H360
Mass [kg] 14
Wheel size [mm] 360 x W60
Protrusion height [mm)] 60
Number of lugs 16
Wheel speed [rpm] 4.0




Fig. 5 Gravel field
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Fig. 6 Performance of slope-climbing ; Lugged wheel,
Slanting lugged wheel (Type.A), Star-shaped wheel
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Fig. 7 Performance of slope-climbing ; Lugged wheel,
Slanting lugged wheel (Type.B), Star-shaped wheel
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(c) Slanting lugged wheel (Type.A)

Fig. 8 Sinkage of wheels over slope with 15deg
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Fig. 9 Sinkage of the plate vs. bulldozing resistance on
gravel
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