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Analysis on handling deviation caused by different gravities
for lunar roving vehicle
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Abstract; For analyzing the influences of different gravities of the Earth and the Moon on driver of lunar roving
vehicle (LRV) , the handling dynamic functions were deduced. Based on RBF neutral networks and indirect inverse
model training methods, the inverse handling system of LRV, whose inputs were the moving traces and outputs were
the handling angles of the driver, was obtained. Two types of indirect comparisons were used for the inverse system,
including repeating the moving traces on the Moon under the earth’ s gravity and repeating the moving traces on the
Earth under the lunar gravity. The sine and ramp-pulse were used as the handling functions, and the moving traces
on the Moon or the Earth could be solved by the handling dynamic system. Then, the handling angles could be
obtained by the inverse system when repeating same traces under different gravities. The results show that the driver
needs bigger steering angle, more rapid steering speed, and more frequent steering shift under the lunar gravity.
Morever, it is much more difficult to repeat the same trace under the lunar gravity than under the earth’ s gravity. It
illustrats that the LRV has the worse handling performances on the Moon.
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Fig.1 3-D model of LRV and its coordinates
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Fig.2 Lateral and yaw degrees of freedom for LRV
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Fig.4 Direct training of inverse model for LRV
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Fig.5 Indirect training of inverse model
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Fig.6  Solving progress of LRV under lunar gravity repeating

trajectory under earth gravity

WAH RS
A RS [e——6n
(g=1.63 m/s’)
Pra Puf
s | HAARRE
_RBF ol HNHRSE
LS | (=98 miy

L 31 B
xS
> )

E7 i#EESEAEENEG THEBHERNKFIDTE
Fig.7

Solving progress of LRV under earth gravity repeat

trajectory under lunar gravity
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Tab.1 Parameters of calculation and simulation for LRV
g/ (m+s7?) K, _/ rad™! Jy/ (kg +m?) J,/ (kg +m?)
1.633 3 0.57 158.4 587

k._/ c./
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(Nem-rad™") (N m=+s-rad™")
7 320 153 699 639
g,/ (m-s7?) K,_./ rad™ I/ m [,/ m
9.8 1.25 1.293 1.207
keo/ oo/
., o h/ m o/ (m+s)
(Nem-+rad”) (N*m-+s-rad”’)
43 900 920 0.388 2 2.0.3.5.5.0
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Fig.8 Comparison of handling angle of LRV under lunar gravity repeating trajectory under earth gravity (sine input)
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Fig.9 Comparison of handling angle of LRV under lunar gravity repeating trajectory under earth gravity (pulse-ramp input)
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Fig.10 Virtual simulation model of LRV
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Fig.11

Comparison of handling angle of LRV under earth gravity repeating trajectory under lunar gravity (sine input)
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Fig.12  Comparison of handling angle of LRV under earth gravity repeating trajectory under lunar gravity ( pulse-ramp input )

4 % i

1) FRCRAAES A BR” H I 55 4F T B BN H Bk
A BRI A N MR AT B B Y, 75 2
G INPSERINEESS BE AN IDNUE /SN ) N PR oS
YNSRI E]. XA Ud B, 75 BRE ) A4 R R 2N
HERBARYMEREBOR , R F e M.

2) FHURALE HER” B 2R T S B Bk
A2 R E AR P ARRI R TSR I, AR
FARZR S0 X BEVT T A E R E ) 26 F T B
oy B A BRE 1 250 T A BRI AT L.
5% X
[1] SILK E A, CREEL R. Technology development for lunar thermal ap-

plications and the next generation of space exploration[ J]. Journal of
Aerospace Engineering, 2007, 221(2) ; 305-309. DOI: 10.1243/

09544100JAERO170.
SANDERS G B, LARSON W E. Progress made in lunar in situ re-

—
{8}
[

source utilization under NASA’ s exploration technology and devel-
opment program [ J ]. Journal of Aerospace Engineering, 2012, 26
(1):5-17. DOI; 10.1061/9780784412190.050.

[3] CONG P C, LAN Y F, ZHANG X. Adaptive control of dual-arm space
manipulator capturing object [ J ]. Journal of Aerospace Engineering,
2013, 227(6) : 992-999. DOIL. 10.1177/0954410012447043.

[4] VISCIO M A, VIOLA N, GARGIOLI E, et al. Conceptual design of
a habitation module for a deep space exploration mission[ J]. Journal
of Aerospace Engineering, 2013, 227(9) . 1389-1411. DOI. 10.
1177/0954410012457292.

[5] HOWE S D, O'BRIEN R C, AMBROSI R M, et al. The Mars hopper:

an impulse-driven, long-range, long-lived mobile platform utilizing in

situ Martian resources[ J ]. Journal of Aerospace Engineering, 2011, 225

(2): 144-153. DOI: 10.1016/j.actaastro.2011.07.003.

WEIL, AoEer, S, % B B G Rk e Bt

SO 1]. FAFAR, 2014, 35(2) ; 235-244. DOL; 10. 3873 /

j. issn. 1000-1328. 2014. 02. 016.

FAN Xuebing, DENG Zongquan, GAO Haibo, et al. Design and a-

—
=)
[l

nalysis of flexible wire mesh tire for manned lunar roving vehicle
[J]. Journal of Astronautics, 2014, 35(2); 235-244.

[7] HSU H W, HORANYI M. Ballistic motion of dust particles in the
Lunar Roving Vehicle dust trails[ J]. American Journal of Physics,
2012, 80(5) : 452-456. DOI; 10.1119/1.3699957.

[ 8] LIANG Zhongchao, WANG Yongfu, CHEN Gang, et al. Mechanical

model for deformable and mesh pattern wheel of lunar roving vehicle
[J]. Advances in Space Research, 2015, 56 ( 12) . 2515-2526.
DOI: 10.1016/j.asr.2015.10.019.

[9] GAO Haibo, LIANG Zhongchao, DING Liang, et al. Approach for
vertical loading error compensation for wheel test bench of lunar rov-
er vehicle[ J]. Journal of the Chinese Society of Mechanical Engi-
neers, 2013, 34(6) : 561-569.

[10] M4, WE I, @i, & HAHRER I RGEL0m KK
SEHARHTLI]. FMAE, 2012, 33(6): 675-689. DOI: 10.
3873/j.issn.1000-1328.2012.06.001.

DENG Zongquan, FAN Xuebing, GAO Haibo, et al. Review and
key techniques for locomotive system of manned lunar rovers[ J].
Journal of Astronautics, 2012, 33(6) : 675-689.

[11]DING Liang, GAO Haibo, LI Yuankai, et al. Improved explicit—form
equations for estimating dynamic wheel sinkage and compaction resist-
ance on deformable terrain[ J ]. Mechanism and Machine Theory, 2015,
86(4) : 235-264. DOI; 10.1016/j.mechmachtheory.2014.12.011.

[12] LIANG Zhongchao, GAO Haibo, DING Liang, et al. Analysis of
driving efficiency for LRV’ s wheels by forced—slip method[J]. Ad-
vances in Space Research, 2014, 54(10) . 2122-2130. DOI. 10.
1016/j.asr.2014.03.016.

[ 13]LIANG Zhongchao, GAO Haibo, DING Liang, et al. Approach to
imitate maneuvering of lunar roving vehicle under lunar gravity using
a terrestrial vehicle[ J]. Mechatronics, 2015, 30(9): 383 -398.
DOI: 10.1016/j.mechatronics.2015.03.004

(147, BOUHE, IR TLZR, 4% PR ARTEL N 1Y 15 48 33 ) B8 43
Bl ], MR Tl R 2254, 2009, 41(12) ; 219-222.

YIN Hao, ZHAO Youqun, WEN Weidong, et al. Identification of
two kinds of vehicle steering input[ J]. Journal of Harbin Institute of
Technology, 2009, 41(12) ; 219-222.

[15T®XSCHE, FH%, JKIEE, 46, VRS =Bk 5 & e

[J]. hEBUE TR, 2005, 6(1): 77-82.
ZHAO Youqun, YIN Hao, ZHANG Lixia, et al. Present state and
perspectives of vehicle handling invers dynamics[ J]. China Mechan-
ical Engineering, 2005, 6(1) . 77-82. DOI:10.3321/j.issn: 1004
-132X.2005.01.020.

[16] B 1. LMERGHMBIM]. M/REE.: FA/RIETAR2E MG, 2006.
DUAN Guangren. Linear system theory[ M ]. Harbin; Harbin Insti-
tute of Technology Press, 2006.

[ 17] BROOMHEAD D S, LOWE D. Multivariable functional interpolation
and adaptive networks[J]. Complex Systems, 1988, 2(3); 321-355.

[ 18 JHAYKIN S A2 R4S M. 65T, BB Tl Ak, 2004
HAYKIN S. Neutral networks[ M]. Beijing: China Machine Press,

2004. (HBE B K)



