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The Effect of Eccentric Drive of Circular Wheels

on the Running Performance of a Small Two-Wheeled Lunar Rover
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(Received December 9, 2022)

In the past, various studies on the Moon have been conducted around the world. Nowadays, more lunar exploration is required

to discover where, how much and what form of resources such as oxides, helium-3 and water-ice are located on the Moon. The existence

of a rover traveling on the Moon's surface will be important for such exploration. There is a need for a small, lightweight rover that can

withstand the harsh lunar environment of low gravity, severe temperature differences, radiation, high vacuum and soft ground due to

deposition of particulate regolith, while also achieving at low cost. In order to improve the running performance of the rover on soft

ground of the lunar surface, a running test was conducted at a test site. This study proposes a small rover that incorporates eccentric

drive of the wheels. The wheels are commonly used circular wheels with lugs. By eccentrically positioning the axles of the wheels,

which are said to have a limit to the angle of climbing, the rover was able to climb a steep slope with low power consumption.
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Fig. 1. Blueprint of small rover.
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(d). Circular wheel with large inner diameter.

Fig. 2. Blueprints of wheels.

Fig. 3. Appearance of rover.
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Fig. 5. Overview of running test.
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Fig. 6. Running time.
(N=5,mean+S.D.)
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(d). Circular wheel with large inner diameter.
Fig. 7. Power consumption.

(N=5,mean+S.D.)
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(a). Circular wheel.
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(b). Eccentric wheel.

(c). Circular wheel with long lugs.
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(d). Circular wheel with large inner diameter.

Fig. 8. Track of running.

Table 1. Inclination of an approximate straight line of the
track. (N =5)

mean S.D.
Circular wheel 0.352 0.010
Eccentric wheel 0.430 0.008
Circular wheel 0.353 0.038
with long lugs
Circular wheel
with large inner 0.407 0.010
diameter

(a). Eccentric wheel.

(b). Circular wheel with large inner diameter.

Fig. 9. Track of running-Starting from a sinking state.
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Table 2. Inclination of an approximate straight line of the

track-Starting from a sinking state. (N = 5)

mean S.D.
Eccentric wheel 0.488 0.017
Circular wheel
with large inner 0.134 0.107
diameter
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Soil surface

Fig. 10. Stress distribution hypothetical model for circular

wheel.

Table 3. r(cosfy — cost).

h=10mm h=20mm
Circular wheel 8.34 16.54
Eccentric wheel
(r=30) 6.92 13.78
Eccentric wheel
(= 50) 10.87 18.58
Clrcular wheel 834 16.54
with long lugs
Circular wheel
with large inner 8.37 16.58
diameter
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Soil surface

Fig. 11. Vertical stress distribution hypothetical model for

eccentric wheel (» = 30 mm).

Soil surface

Fig. 12. Vertical stress distribution hypothetical model for

eccentric wheel (» = 50 mm).

Soil surface

Fig. 13. Vertical behavior of body with eccentric wheels.
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Table 4. Current rise value of circular wheel at each angle
of slope. [ X 102 A/s](N=15)

mean S.D.
0° -1.4 1.9
5° 0.8 0.9
10° 1.6 0.9
15° 1.8 14
20° 3.1 0.3
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Table 5. Current rise value of eccentric wheel at each angle
of slope. [ X 107 A/s](N=15)

mean S.D.
0° 10.4 3.0
5° 9.2 2.0
10° 7.0 4.2
15° 2.9 1.3
20° 2.8 0.4
25° 1.6 0.2
30° 1.2 0.3

4. ®E

AWFIETIX, A ORI 1T 5/ N R
OB A HE LT, — BRI I EH
T B o0 HAAL [ A (RO S W72, PR R, (RO
TN, Al B OO fig KFERPERRIC G o CER
U7z 2 FiME oD By 2 5 Tt 4 T8 D i | 2 BT
Rl AT 5 2 & TR ONTCH R Z LI TITRT.

1. —EDF) g % 2 88 0 e 5 PR Bl
BLOMEHER-F 7 73R E 20 © 238K
DORF L 720, MR- K NRITERME 25 ©
WEIOIRFR LD Z & E R L=

2. HUERARLIERMA 20 © AT SBRIKORA L b
TV DA, /OBl WA M 2 & K
EEDLZETHEEWVEND, IETFEE 720
DEERME R 30 © ZIRHBEENETERTHZ &
MNAEETH 5.

3. TIUNEL D MM SOZETESNKE L
720, WEENETERDbOD, LY RER
HEHE AR DD,

4. HEGONBENRKELI DL, =X DA
WK T D2 L THBEENRITES D HOD
O, FEHEBENRE 20, Lo REHaE 1%
Bohb.

5. GEERBEEITICR O CTER EAE A KM 08
&, BARB X OEEHEITICTRAY v 7 12
D2 ERHERITE, WA OGS, —EDIL T
BAEMFRF LN DERT D Z L HEITX 5.



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

/N TR O FEATIERE LS R 2 S MR HLEG O (R L BRE) o #2288 17

BE X

C. Schwandt, J. A. Hamilton, D. J. Fray and 1. A. Crawford,
“The Production of Oxygen and Metal from Lunar Regolith”,
Planetary and Space Science, 74[1], 49-56 (2012).
W. Fa and Y. Q. Jin, “Quantitative Estimation of Helium-3
Spatial Distribution in the Lunar Regolith Layer”, Icarus,
190[1], 15-23 (2007).
S. Nozette, C. L. Lichtenberg, P. Spudis, R. Bonner, W. Ort,
E. Malaret, M. Robinson and E. M. Shoemaker, “The
Clementine Bistatic Radar Experiment”, Science, 274[5292],
1495-1498 (1996).
A. B. Binder, “Lunar Prospector: Overview”, Science,
281[5382], 1475-1476 (1998).
J. Haruyama, M. Ohtake, T. Matsunaga, T. Morota, C.
Honda, Y. Yokota, C. M. Pieters, S. Hara, K. Hioki, K. Saiki,
H. Miyamoto, A. Iwasaki, M. Abe, Y. Ogawa, H. Takeda, M.
Shirao, A. Yamaji and J. L. Josset, “Lack of Exposed Ice
Inside Lunar South Pole Shackleton Crater”, Science,
322[5903], 938-939 (2008).
S. K. Noble, L. P. Keller and C. M. Pieters, “Evidence of
Space Weathering in Regolith Breccias I: Lunar Regolith
Breccias”, Meteoritics & Planetary Science, 40[3], 397-408
(2005).
W. Fa and M. A. Wieczorek, “Regolith Thickness over the
Lunar Nearside: Results from Earth-based 70-cm Arecibo
Radar Observations”, Icarus, 218[2], 771-787 (2012).
SRS RS, APRHZE, OB EIT O 72D O A HEE
B — A HETREGE, B - SAEE, 1010, 49-
55 (2012).
V. Asnani, D. Delap and C. Creager, “The Development of
Wheels for the Lunar Roving Vehicle”, Journal of
Terramechanics, 46[3], 89-103 (2009).
D. Fujiwara, N. Tsujikawa, T. Oshima and K. lizuka,
“Analysis of a Resistance Force for the Locked-wheel of
Push-pull Locomotion Rovers Using Large Subsidence”,
Journal of Terramechanics, 94, 1-12 (2021).
TNRIE, AHBUZ, ML, Bk, 427 n—7
TUAAE SR = R > b OB — Al SRS O Rt &
HREREC X A ISR MERE ORI —7, BAB R > b
ik, 34[7], 422-431 (2016).
WHZZ, HE—, XL, TRORES, R 2 &l
BErRERITAM & 7 0 — T OBIERERGE, AR
maRy MEREE, 35(2], 153-159 (2017).
FOCAE, ACREZE, RS, RILEE], RS,

UNRIEEER v B 7 a— "OMEJER, AR
fZe52 i e 04, 48(555], 103-110 (2000)
EOCME, IO, N ERA r— /N MINERVA-II
WK D TFER, AArRy Mk, 38[8], 754-

15)

16)

17)

18)

19)

20)

21)

761 (2020).

SRIFE AR, R, BEEFEE, AREZE, HXE
WA v — SOHIRAR 2 B8 LI ETERERE, A
AKEIR S5 CEE (CHm), 72[724], 3842-3847 (2006) .
EHAEE, “AREEEaR Y FORERICRIT S
M — BT R OBEN L OBR =", BAaRy b
gk, 27(5], 506-509 (2009).

VORI, SIS, “fR/OCHEh A R & L 7 it

DB FET D B2 PERE”, FXFF L%, b2[3], 173-184
(2016)..
PN, KHEBE, “a—/—" KB§ 2021-49795
(2021).

J. Y. Wong and A. R. Reece, “Prediction of Rigid Wheel
Performance Based on the Analysis of Soil-Wheel Stresses
Part 1. Performance of Driven Rigid Wheels”, Journal of
Terramechanics, 4[1], 81-98 (1967).

5w, AR, e, “7 7 Hin & - & OHAEM
BT 2898 (B2 W) — 7 ZHEImCAERT 5 Lox
D=7, RS RE, 6105], 11-18 (1989).
FUGE RS, IR, AREZE, “HEMERE A BB L
TR BT T D72 O D B HEAHER T 2 R > ~ D
#ERI R (iR & R O AER 25 B LT-
SRIEHLER OZR) 7, A AR SR SCE (C W),
74[748], 136-141 (2008).



