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Abstract

This paper deals with the fall impact characteristics of the inflatable wheel used on the ultra-lightweight lunar rover. The wheel of

the rover is assumed to be a spherical inflatable wheel of 150-300 mm in diameter. The inflatable wheel used for testing was build

by joining two PEEK film molded articles that were pressed while heating. The reduction methods of the impact force of the

inflatable wheel are considered as a result of dropping experiments carried out in a sandbox. It was confirmed that the internal

pressure due to the impact generated by the collision with the lunar surface becomes small. In addition, it is shown that the fringe of

the PEEK wheel is effective at reducing the impact force. Furthermore, the stress in the membrane due to deflection of the wheel is

considered, and it was confirmed that the wheel would not likely break.
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Fig. 1 Construction image of inflatable rover using sphere-shaped
inflatable wheel?
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(a) Shape forming of PEEK film (b) Prototype of PEEK wheel

Fig. 2 Inflatable wheel using three-dimensional shape forming of
PEEK film
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Fig. 3 Joining method of hemispherical PEEK film
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Table 1 Specifications of test articles #1 and #2

Test article #1 #2
Membrane material PEEK film PEEK film
Radius 75 mm 75 mm
Width of fringe S mm 10 mm

. Minimum 0.045 mm 0.045 mm
Membrane thickness
Maxmum 0.096 mm 0.096 mm
Mass (without flange) 569 ¢ 628 ¢g
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Fig. 4 Experimental arrangement of free fall experiment

Point of fall

Table 2 Specifications of test article of preparatory experiment and
acceleration sensor

Test article of preparatory experiment
T

Material Vinyl chloride
Radius 85 mm
Membrane thickness 0.993 mm
Mass 964 g
Acceleration sensor
Dimension 5x5x1.98 mm
Mass 1.7¢g
Measurement range X axis 706
8¢ “Yaxis 37G

X axis 27+1.35 mV/G

Acoyrucy Yaxis  55:1.35 mV/G
Others Using 0.5 mm enameled wire
80
70 A
4 4 -~
Z 60 [ [
w [} [ |
g 50
o
= 40
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o] @ Acceleration sensor
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£ M Image measurement
10 A FEM analysis
0 1 Il 1 1 1
0 1 2 3 4 5 6

Inner pressure, p kPa

Fig. 5 Comparison of three measurement methods using
inner pressure vs. impactive force
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Y= JRPEEKZ —(l/2)? 3)

h=rppgx =Y (4)

T = \Tpgpx? — Y? (5)

Footmark of the main
body of PEEK wheel

Footmark of the fringe
of PEEK wheel

Fig. 6 Footmark of PEEK wheel on the sand pool after
falling
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Fig. 7 Deformed shape of PEEK wheel at the time of impact
on sand pool
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Inner pressure p=3 kPa, Height of drop h= 400 mm
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Fig. 8 Comparison of two test articles after bounce on the sand
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Fig. 9 Comparison of test articles #1 and #2 by inner
pressure vs. impactive force



P et - AR - e

T AHAMENDD. LEERN-T, WEMNL kPa D & X
ST 0.83 N/ mmP FRE L 72, EE AL F/NMII A D D
ENRTED. Fig. 101T¥% T @& & 300, 400, 500 mm 725
TSRO EAND, W FEmS E@mEHOBEREE
R RO T ey FEMEAEREERETSZ LT, &
TRIEEZIHGEOEBENEHET LN TED.

4.2 RA—ILDF=hH&EHEED T

BOMEZ RT A =2 L LT, GOBEMBI»DRD -8
HifFE & NE DR A Fig. 11ICR7. kA1 L 2T
el L7 & S @B S ENEDOBZRASITEWVIIR SN
Mol WIE &R OBIR Tk 2175 & 2 2D
PSR CE R IEN R > TWAZ ERb 5. Fig. 11
Fv, HEEIK L IZNEZ 0 kPa lCUE-31F 5 2 & TR
BARELSTHIENTE, HRENDEZRKIZT LR
TELHEEZLND. UL, #HREK2 DA Fie 9
R T EBRBERLVANEEL 0 kPa (TS0 5 2 & Tt
FIFINEL 725 TWHN, Fig. 11 KO NENKREL A
L EHHERB L RELS 2D RN,

3.2 fHiTR LT K 91T, BOEBEMBIN LIRS &8
HoE RS 2 B2 L 7= 454, PEEK A A — L OB TBIRIRICIE 2
WOEZLND. Zhbhb, K1 OBAE, NE
N0 kPa lZiE S I oNTEMEHENARKE 2> T0D

160
140 | B Fringe width of 5 mm
Z 120 + Fringe width of 10 mm
w
8 100
Q 80 -
[
=
S 60
]
o
E 40
20
0 \ \
0 0.5 1 15 2
Height of drop, hm
Fig. 10 Comparison of test articles #1 and #2 by height of
drop vs. impactive force (inner pressure of 1 kPa)
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Fig. 11 Comparison of test articles #1 and #2 by inner

pressure vs. contact area on the sand
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Fig. 12 Deformation of inflatable wheel vs. membrane
stress (Wheel diameter of 150 mm)
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Fig. 13 Deformation of inflatable wheel vs. membrane
stress (wheel diameter of 300 mm)
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