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Interface property between soft landing foot pad and simulant lunar soil

S 12 L 1 1 : 3
ZHONG Shi-ying"“, HUANG Gen-qing , QI Shun-chao’, LING Dao-sheng’, YANG Jian-zhong
(1. Key Laboratory of Soft Soils and Geoenvironmental Engineering of Ministry of Education, Zhejiang University, Hangzhou 310058, China;

2. Shenzhen Expressway Engineering Consultants Company Limited, Shenzhen, Guangdong 518034, China

3. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Slip behavior between soft landing mechanisms and simulant lunar soil is one of the most important factors, which

influence the stability of lunar explorer landing. Duralumin was the material of cushioning mechanism foot pad. A series of simulant

lunar soil - aluminum plate shear tests are performed by direct shear apparatus. The shear deformation and strength of interface

between simulant lunar soil-smooth aluminum plate under different relative densities, different shear velocities and different normal

stresses are studied. Interface under slightly dense soil presents ideal elastoplastic deformation, accompanied with strain-softening.

The interface strength increases with the normal stress increase accompanied with shear velocity; interface friction angle is 26.8° -

314°.

Key words: friction coefficient; foot pad; slip behavior; friction angle; shear velocity; relative density
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Table 1 Shear strengths of interfaces
W R 17 )/ kPa :
S/ (mm/min) VR iR )8 BRAR SR
25.0  50.0 12.5  25.0 50.0
0.2 75 143 289 7.2 13.8 279
0.4 1.0 74 13.6 270 7.2 134 26.6
2.0 5.3 11.9  26.6 4.2 11.9 26.4
0.2 7.6 147 283 7.5 134 270
0.6 1.0 73 149 281 7.2 13.0 264
2.0 59 134 250 5.5 11.7 243
0.2 92 164 29.6 7.2 132 249
0.8 1.0 7.7 151 279 59 11.2 23.8
2.0 6.8 134 264 5.3 10.7  21.1
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Fig.5 Relationships between shear strength and different
relative density interfaces
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Table 2 Frictional angle indexes of interfaces
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0.8 31.4 29.7 27.9 26.9 25.2 229

j: A

5 éu ‘b/t\,

(1) AP AR 3 A DD 3 5 L b R
fioh i 2 BEARGEI N, S SCACAE N R A AR
P, AHEALFREEA K,

(2 IGHRSEADL ) S8 I 3 1 T2 v e P8 455 £
WEATHEK,  RAEEBE A AT I o

(3) BB VE AN, 2 A i S S 5 R
HUR N RSy, (HBTUIE AR AR T
LR

2 % L W

(11 E4E, mdh, RIE, 55 HERERE A Rz e

WEFT[I]. MR THE, 2010, 19(5): 43—49.

ZENG Fu-ming, YANG lJian-zhong, ZHU Wang.
Research on landing impact attenuation performance of
lunar lander[J]. Spacecraft Engineering, 2010, 19(5): 43
—49.

[2] CLOUGH G W, DUNCAN J M. Finite element analysis



1062 b +

71

4 2013 4F

[3]

[4]

(3]

(6]

[7]

(8]

of retaining wall behavior[J]. Journal of the Soil
Mechanics and Foundations Division, 1971, 97(12):
1657—1672.

FORVE, Ak, VPR, 5 SRR i (R AT 2
HHeA B, A TREAAR, 1994, 16(3): 14—22.
YIN Zong-ze, ZHU Hong, XU Guo-hua. Numerical
simulation of the deformation in the interface between
soil and structural material[J]. Chinese Journal of
Geotechnical Engineering, 1994, 16(3): 14—22.

SR, TR B DKL by S fu i B0 g 2k A
I A T LSRR, 2004, 26(1): 21—25.
ZHANG Ga, ZHANG Jian-ming. Experimental study on
monotonic behavior of interface between soil and
structure[J]. Chinese Journal of Geotechnical Engi-
neering, 2003, 24(3): 369—371.

A RGN B T AR T g A
IE[]. 45 1%, 2003, 24(3): 369—371.

WU Meng-xi, LOU Zhi-gang. Experimental study on

mechanical behavior of calcareous sand-steel interfaces[J].

Rock and Soil Mechanics, 2003, 24(3): 369—371.
FAEVE, Wi, 5 a e S AL R R vk i s ) f
WIHEIT[I]. 7 17127, 2011, 32(6): 1707—1712.
YUAN Yun-tao, SHI Jian-yong. Study of displacement
behavior of interface between soil and structure by static
and dynamic simple shear tests[J]. Rock and Soil
Mechanics, 2011, 32(6): 1707—1712.

JEME, AR, BRMEAE, SF. N M S R TR
SR B DIRFPEKE ). A )28 TRESAR, 2011,
30(8): 1712—1719.

GONG Hui, ZHAO Chun-feng, TAO Guo-xiong.
Research on effect of stress history on shear behavior of
interface behavior clay and concrete[J]. Chinese Journal
of Rock Mechanics and Engineering, 2011, 30(8): 1712
—1719.

AR, SHAKIR R R, #1713, 4. -kt Hfm
R B B BRI LU IR U [I]. 2 2002, 2011, 32(3):
692—696.

ZHU Jun-gao, SHAKIR R R, YANG You-lian, et al.

(9]

[10]

(11]

[12]

[13]

[14]

[13]

Comparison of behaviors of soil-concrete interface from
ring-shear and simple shear tests[J]. Rock and Soil
Mechanics, 2011, 32(3): 692—696.

ANUBHAV P K. Modeling of soil-woven geotextile
interface behavior from direct shear test results[J]. Geo-
textiles and Geomembranes, 2010, 28: 403 —408.
MICHE, Rk TR R R R e ST
#1172, 2009, 30(4): 965—970.

LIU Wen-bai, ZHOU lJian. Experimental research on
interface friction of geogrids and soil[J]. Rock and Soil
Mechanics, 2009, 30(4): 965—970.

RN, TR, TKROCAS. I TR S iR
WISI]. 51027, 2011, 32(11): 3225—3230.

GAO Jun-li,

ZHANG Meng-xi, ZHANG Wen-jie.

Interface property between sand and reinforced
geomembrane[J]. Rock and Seil Mechanics, 2011,
32(11): 3225—3230.

B, AT TI—1 BUTEMmTHI]. A TR
224k, 2011, 33(2): 209 —214.

JIANG Ming-jing, LI Li-qing. Development of TJ-1 lunar
soil simulant[J]. Chinese Journal of Geotechnical Engi-
neering, 2011, 33(2): 209—214.

fLoe, ST, BURLAROR D2 I 27 S5 w1 R
W), A0 1% 5 TRESAR, 2011, 30(10): 2112—
2119.

KONG Liang, PENG Ren. Particle flow simulation of
influence of particles shape on mechanical properties of
quasi-sands[J]. Chinese Journal of Rock Mechanics
and Engineering, 2011, 30(10): 2112—2119.
MORIMICHI U, HIDEAKI K, YASUNORI T. Behavior
of sand particles in sand-steel friction[J]. Soils and
Foundations, 1988, 28(1): 107—118.

WA, WESCIR. 5 S5 AR i B A
ISHFIUI]. L TRESANR, 2001, 23(4): 431—435.

LIU Wen-bai, ZHOU lJian. Experimental research on
interface friction of geogrids and soil[J]. Chinese

Journal of Geotechnical Engineering, 2001, 23(4): 431
—435.



