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Estimation of Soil Parameters Using a Wheel with Built-in Force Sensor Array
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Generally, wheels of a planetary rover slip easily and lose their traction on loose soil on the Moon or Mars.
Hence, it is very important to keep traction for each wheel. Such interaction between a wheel and a soil is
studied in the research area called “Terra-mechanics.” In the Terra-mechanics, the traction force is calculated
with soil parameters that are estimated under ideal configuration. However, real environment does not have ideal

configuration constantly. Therefore, it is difficult to estimate an accurate traction force online.

In this research, to estimate an accurate traction force, a wheel with built in force-sensors-array (BFSA) was
developed. It acquires normal stress distribution online. By using such sensors, we performed measurement
experiments in different slip ratio and different soils. Finally, one soil parameter which is difficult to estimate by
way of conventional method was estimated by comparison between calculated traction forces (based on the BSFA
wheel) and actual measured forces.
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Fig. 1 An example of distribution of normal stress
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Fig. 2 An Overview of BFSA wheel

Fig. 3 An overview of the single wheel test bed

oooooooeyde.06,0000000000000O0
goooooobobboooooooooobbooooooon
gooobooooge,bbooddb ele; 0000000
doooooooooboooooooobboooooo
ob0ooooooooobO0dOay=0400<a; <0.30
gboooboooo
ooboooooooooboobooboooobooDbo
gobooO0ooooooooobooooobooooooooo
oboooobooooooooobooobooooobooobo
ooooodene06, 000000000000O00O
gboooobooobooobooobooboooooobo
goooOooooooooooooDo kR, 0000000
oboooboooooboooooooog

3 Uobooooooobd
3.1 0000

oobo0ooooooooboooooooboooboooDn
obobooobooooooooboooboooobooobo
gboooobooooboooboooooooooobooobn
gboooobbooobooooobobooooob 2000000
0000000000 oUUoo oooouooooo
oboooobooobooobooobooobboooobooobo
obooboooboobooboooboobobooboboobooo
gboooobooboooboboooooooooboooobo
oooooooooopCcOCO0OOOOOOOODOOO

Table 1 Parameters for traction force model
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Fig. 4 Experimental result: Fig. 5 Experimental result:
000 (Regolith Simulant) 00O (Toyoura sand)
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Fig. 6 Result of wheel state quantity determination
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Fig. 7 result of wheel state quantity determination
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