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Abstract Because of the complexity of the lunar environment, the lunar rover, as a complex

multi-body system, has many characteristics in its dynamics behavior and its control. The analysis

is more difficult than that of simple system. The mathematical models of lunar rover control, such as

dynamics, motion constraints and kinematics, are presented in this paper. The harmonious control

is explained by the sample of running across a ravine. For imitation of the lunar gravitational

circumstances, a single wheel test device based on gas lubrication was designed. The range of the

kinematic and dynamic parameters of each wheel can be determined by that device.
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3.1 IJKLM
3�9.�20N<:3Æ+4=�33Æ+4

)$2*���33Æ+4��13Æ+.

(1) N<:3Æ+
acm = G +

6∑

i=1

P i. (1)

. 1 ����27
Fig. 1 Structure of lunar rover

. 2 >5 6 ��/8���06��73�45
Fig. 2 Normal six-wheel lunar rover can’t run across

ravine which is deeper than wheel radius

. 3 ���
�?8�1@���Æ�45
Fig. 3 Lunar rover can run across obstacle and adapt to

complicated topography

�1, ac �!��N<929; m, G  :�=�N
6AO�; P i �+,�; i ���08�.

(2) =�33Æ+

J · ω+
6∑

i=1

JΣi · ωi +
6∑

i=1

Jbi ·Ω i + ω ×
6∑

i=1

H i =

6∑

i=1

(Rdi − e) × P i. (2)

�1, J , JΣi  :�=��)$2*�N<�33
:6�3; Jbi ����P�N<�33:6�3;

ω, ωi,Ω i  :�=�4)$2*���)29; Hi

� i ��367; Rdi �N<<��+,;=�3
8; e �N<<45331<�38. - (2) 6
<Æ!��33)29 ω, ��)$>�)$��
)29 ωi (i = 1, 2, · · · , 6) ���13)29 Ω i

(i = 1, 2, · · · , 6)?9� 6,:;7)�=>-� 
6?@<�<8@9-. 2QB�6, APC:3:
��, =��45.31<��6N<, D�7;<
14�;*, 45331< c0 (A� 4) <1=�1
4���B<5$3, D'-1 e 6A=6.

(3) )$2*����)$��33Æ+

J∗
Σi · ω + J i+ · ωi + Jbi ·Ω i =

M0
i + Lci × Gi + Li × gi + (Li + rdi) × P i,

i = 1, 2, · · · , 6. (3)

E6:B)29=> 6?��C. -1, J∗
Σi �)

$2*����)$��33:6�3, J i+ �)$
2*�)$��33:6�3, M0

i ����'&)
$��7, Li, Lci  :�)$�<�.�)$2*
N<�36, Gi, gi  :�)$2*���O�, rdi

�+,���;=����ÆÆ.

. 4 ����
D�>	�
Fig. 4 Sketch of computational model of lunar rover
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(4) ��13Æ+

Jbi · (ω + ωi + Ω i) = M i
b + rdi × P i,

i = 1, 2, · · · , 6. (4)

E>F6:B=> 6?��C. -1, M i
b �)$

2*�����7 (20C3E�13�7).

3.2 RISTU
!��:352V? ��;*@F,��)$

2*1<AA�W.G), H)$) βi A)$2*
)29 ωi 2?X

ωi = β̇i, i = 1, 2, · · · , 6. (5)

��YB)A)29�@9
Cωϕϕ̇ = ω. (6)

-1, Cωϕ �YB)29$I7G.

:3;*J20KLM29;*,"�H@�:
3/71, D8��C29;*:

ω×(Ri − R1 + Li − L1 + rdi − rd1)+

ωi × (Li + rdi) − ω1 × (L1 + rd1)+

Ω i × rdi −Ω1 × rd1 = 0,

i = 2, 3, · · · , 6. (7)

E6-; ���NE,�D�AI�FO@�29
;*@F, P 5 Q36-, ��, #AEB���F
�NE. FG�, 29;*AKL;*6 J�, B
K6?K�5RG),"3BHI �1A29;*
SÆH.

3.3 Z[STU\]^_`
+,6#LJ�, ��M6#$4�. �CCD

���$4, K�+,08�TL 33, D'E>
<Æ��A+,;=5�IM$4.� 56; iQ�
�08C+,JLJ� Δi �EF.

. 5 NO�ÆK
Fig. 5 Distortion of soil

��KGNP+,����08�,OPH8Q
R [4–5] &��1(U-, JOPQL+,LS�R
V@9ÆI$U-1�KQ9)S. E>DA��
$M�+,LJ�WGJ9T�, �A

Wi = biΔ
3
2
i α

√
2ri

1
kΔi

. (8)

- (8) �NT��<81(-. -1, bi ���K9,

α ���SU+,L�1<), ri ���ÆÆ, kΔi

�+,OVMX;OV�5IM�4$.

P���aW08�%U+,���'�NQ
�5, HY�XZ3[V, BPRWNQ��X-�
'P=�RW�5, YIMR[. D'J@NP+,
��'�NQ� (+,WG�), �6��GMK�
�.

P!����bS� 3 Q5, ����, TW%
6HÆ+U�K�2��08�. \W� Wi #OH
- (8) K�, BaW� Ti �RW� Tci T��C-
=@

Ti = Tj
Wi

Wj
, Tci = Tcj

Wi

Wj
. (9)

4�XV5Y]

�CZ[!���P� c (#-6EB�) �J
329� vc, QWÆW)29� ω, \PU-� 6

� O ��451<R�.3:3, ^SEQP=H

. 6 �������_�
Fig. 6 Kinematic relationship of lunar rover
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#=�2��29�)29. �U; i �, �29 v∗
i

?U)29 ω XY.31< O Y i ��38 ρi,

H v∗
i = ω × ρi, "!��W. x ÆW� 6� vi =

v∗
i cos ξi (ξi � i �Y45.31<�1<)). ] i

�^3W`�, 7�)292�

Ωi =
vi

ri
=

ωρi cos ξi

ri
. (10)

<� i ��%3W2*, �T��3WA v∗
i \��

ÆW, Z

Ωi =
v∗i
ri

=
ωρi

ri
. (11)

E+HT:3P= T<2Q��.

:3P= U<2Q����+6[HI. Z
��\<Sa�6, ]QM]%2Q���)2
9 Ω i, ^=cdb[�:3, E6VHI.  ,\
<�VHIF[HIPa, =UFW@a. E6D�
!��Kc\6a��, ]VHI�)9_, _P&
�P �29�% 4ÆW�X �29�% (M
ÆW) `Q@F, !���:3HJaYK�, X 
�29�ÆW (M% ) ��`��:3^)\T<
IJK�. IaI, 6 Q��, 29P% 12 Q% 
�ÆW, _�bc�1`Q0�PC^), �)S#
EBd�, �`�6G�^), CPC^)K�. E
+K��:36[�:3. ��%a)EF, GdK
����29ÆWM% \aU 3 Q, bYY_�
��29\�Ze@F�&�. E/EF, !���
:3T6![��, �`e6�e[A�fK, �5
�X%6�OP���Z3[3-���RW[V.

^S2���32K�![�:3^)�fg, c[
!���[Æ, 6 dF�he�Ef.

5�XV�fa,G

�ggb/76d^S[Æ�YBP=,c C
D<��33�[3�RW[V, �!�� 6Q�b
29 (32) �)>) (hiMjd) �/7.

gb/7#-6ek�4\k��Æe (\) k
�.�gek]6f[Æ�YBM62*20</7
l[1R�YP3�/7;\kZ6aY^%E#M
62*5�/7; Æek U7)1R, i%[ÆM
YBM62*,Z�aY,M��Y5m0,MOPg

0jh_k`�i-�hH^A/7. E>R��6
? //7, �ja�� 7 ��.

gb/7TWA; 3 �; 4 bn&��)9.
�=U�5R�,��/71P%1M����08
�4��J329433YB)�)294)$2*
)9�)294��13)29��7445331
<V*? 54 QA=$6� 51 QÆ+-, "&�b
Q��13)29, cRW29�d�@FC, op
#U.

-'�*W/(�F�e (A� 8). � 8(a) -
�!���� 1 (cBigR�) <j�kk5, T
� 1 hf. '5, DO6Ol T, ��YBYqM
($, D'2�5b=�` 5 �)$2*�)9, l
YB)�$5ml"P=rng. <?, !��T-
h1� 5 Q�bo3BR, TY� 2 j<��kk.

� 8(b) -�� 2<jkk?,� 1]���F,U6
sC� 1. '5MIh�O6�Ol T, �D2�
mmb=)$)9. � 8(c) -�T� 2 hf, �5I
hAh� 1+8�O6Ol T�+, Ob=%@�
�)$)9. '?, mm- 5 �13BR, �'O3
R�, TY�i���F.

. 7 ���7n��
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Fig. 7 Diagram of half closed control of lunar rover

. 8 ���
��!��
Fig. 8 Running across ravine process of lunar rover
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. 9 ����"�
Fig. 9 Test equipment of single wheel

�U�Dfg�:3, /7jaA�e\8, \
P�5CD� 6Q�b�)$2*�/7, U�j<
ctoC.
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�q �-&,!��:31kQ��\TI;
33�:3�;��+,"=�G$1uW�2/3
3klR�YM �. D'vsD8�� 9 ���
O�G$2*, �2��333�9�+, 20��
�o[�RW[3R�rs �. ��bw"[-
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G$ [6−7].
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