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An Evaluation Method of Running Characteristics of an Inflatable Wheel for a Small

Sized Ultra-Lightweight Rover on Lunar Soil
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Abstract

In this paper, the running characteristics of an inflatable wheel on lunar soil are described using the measurement of the contact

area of the wheel on regolith simulant and the theory of Hertz. By the internal pressure of more than 1.0 kPa in the test article, the

contact area does not have a large fluctuation. However, the contact areas suddenly increase if internal pressure becomes less than

0.5 kPa. When internal pressure is enough, it is thought that it can be treated as a range of the elastic deformation. The result of the

running experiment shows that the slip ratio hardly changes by internal pressure. The result of the rolling resistance experiment

shows that rolling friction is large, so that internal pressure is high on the regolith simulant in comparison with on a board or river

sand. It became clear that the wheel used in the experiment had a stable property with internal pressure of more than 1.0 kPa. In

addition, by running the experiment on the regolith simulant, it clarified that it is not necessary to raise internal pressure more than

required.
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Fig. 1 Concept of small sized ultra-lightweight rover using
Inflatable wheel?

Table 1 Specifications of ultra-lightweight rover using
Inflatable wheel

Total mass 1~1.5 kg
Wheel diameter 300 mm
Mission Shooting the mother ship landing

Exploration of lunar hole
Exploration location Obverse side of the moon
Flat ground near the lunar hole
Exploration time A few hours in the morning
Exploration distance About 300 m
On-board equipment Camera, Sun sensor, etc.
Communications Via mother ship
Others Soft landing after releasing from
mother ship
Releasing height: about 10 m
Deployment time: about 3 s
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Fig. 2 Deflection of Inflatable wheel
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Fig. 3 Measuring equipment of contact area

Table 2 Specification of test article

For measuring Total mass 104.0 g
contact area and Average membrane 0.171 mm
slip ratio thickness
Diameter 253 mm
Circumference length 795 mm
For measuring Total mass 82.13 g
rolling friction Diameter 322 mm
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Fig. 4 Outline view of the test articles
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Fig. 5 Measuring equipment of slip ratio
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Fig. 6 Measuring equipment of rolling friction

Fig. 7 Inner pressure vs. area of contact (Load: 1 N)

Fig. 8 Load vs. area of contact (Pressure: 1.5, 3.0 kPa)
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Fig. 9 Estimation of deflection value
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Fig. 11 Inner pressure vs. rolling resistance coefficient
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Fig. 12 Wheel ruts on regolith simulant

A On regolith simulant
B On board with sandpaper

Fig. 13 Inner pressure vs. area of contact (On board with

sandpaper and regolith simulant)

Fig. 13 IZ/RTHEE NS, (EM® Y, H s <X
WIERE L 72 51 8, BEMEAAHEML T <Hm 2R H
HZ ENDhoT. ZHUEIRO ETTONIE & Bl fg o
B LT e Rl ThH D, NENBINT S L,
A AR C ORI S K L TV A A L, #8530
EEBAR B O BN O IF % U <, B RE o8I0 23 6528
DEEBICR B L TWAZENINNZE. Lo T
WIE DI RE D 523 0 BEER O 201X, Y FoE
Lo bREL<, BITHAEDOTMICIE, #5230 FEERHK
NELTWDZENbholz.

RN 0 BB b O RN D RERNIEEZ D
ZEMTED. EBRITER 300 mm DR A —/LTITo 7z

2, R@)ZEHWTERILDONEEZRDDLZENTED.

ZORER%E Fig. 14 18T, 2 X0, BRI U kil
RANEOHPBAEIND Z N TE D,

1
toc=—pR (8)
2}7

=== 1kPa(d0.3m)

e 1 SkPa($0.3m)

10

Inner pressure [kPa]

01

0.01 0.1 1

Wheel diameter [m]

Fig. 14 Wheel diameter vs. inner pressure
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