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Fig. 1  Viking lander
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Fig.2  Phoenix lander
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Fig.3  Sojourner, Spirit/Opportunity, Curiosity
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Table 1 Mechanical properties of Martian regolith by Viking
and pathfinder mission

Fhk Wk B/ (kgrm™) N 5K J1/kPa WA/ ()
R 850~1 150 0.4~2.8 15.6~20.4
+ 1% 1200~1 600 0.3~1.9 29.8~39.2
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Table2 Mechanical properties of Martian regolith at different
Mars landing sites

ik fﬁ:iff WP WIS ()
ik s - WA 1285~581 0~0.42 343
IREE-E L 1422~1636 0~0.35 34.4~39.6
G 1 200~500 1~15 ~20
HlE 5 ~300 1~5 ~20
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Fig. 4 Particle size distribution for simulated Martian soil from USA
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Table3 Characteristics in compaction states of simulated

Martian soil from USA
() MPCRE
. lis AHXT . WERS N
FA S LB % 8
/ (kgm®)  EE/% / (N-.em™  / (®)
Lab 107 1.47 26 0.41 0.067 33.30
Labg2 2.44 64 0.38 0.069 33.70
MER
1.48 14 0.40 0.149 47.90
Yard 317
Mars Yard 1.62 45 0.32 0.093 35.10
JSC-1 0.90 0 0.53 0.085 40.80
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Fig. 5  Particle size distribution for JSC Mars-1 and Majave soil simulant
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Table4 Mechanical properties of Majave soil simulant

FEA WEZ (kgm™  NEIIKPa HEEERS/ (9
MMS-#b+ 1341~1384 0.81~1.96 38~39
MMS-K4E 911~1078 0.38~0.53 30~31
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Fig. 6 Martian soil simulants for ExoMars 2018 mission
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Fig. 7  Particle size distribution for Martian soil simulants ES-1, ES-2
and ES-3
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Table 5 Parameters of Martian soil simulants for ExoMars

2018
o R ERE RRL RAMNRL NET AR
(kg'm™) /pm F/um  B/um  /kPa i/ ()
ES-1 1300 ~10 ~32 <10 05~1.5 16~21
ES-1 1500 ~10 ~32 <10  0.5~2.0 18~24
ES-2 1450 - ~125 >30 0~15 23~27
ES-2 1 600 - ~125 >30 0~15 29~34
ES-3 1550 400~600 ~20000 >30 0~0.3  30~40
ES-3 1800 400~600 ~20000 >30 0~0.3 35~2
®6 ES-UREHMEMIALER
Table 6 ES-1 pressure-sinkage test results

A R fﬁiﬁ?; fiifﬁi/

a3 0.67 67.28 0.68

i 0.71 61.96 1.30

B 0.75 142.36 1.66

f# [F DLR £ ExoMars il H Wi f2 v, N T R4
B 5 K3 B A BAE ARG, W T R L ok
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Table 7 Mechanical parameters for DLR Martian soil

simulants
Ak W REEEM Dl BEESE/ W BRI/
B /kPa /() B Nm™ (x10)  (N'm ™)
DLR-A  0.19 248 0.63 60.3 2370
DLR-B 041 17.8 1.1 763.6 18 773
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Table 8 Physical parameters of martian soil simulants

ORI/ (kg'm™) B/ (kgrm™) FLBRER/%
1920~3 940 900~2 580 33~53
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Table 9 Mechanical parameters of martian soil simulants

Bh OWEE FE A AE WAL S
ﬁLKH Elé/& - (n+2) - (n+1)

/kPa fal () / (kPa-m )/ (kPa'm )
0~3 16~533 0.6~1.2 60~2 320 -30~30
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Selection of Absolute Positioning Methods for Mars Rover

PENG Song, JIA Yang, CHEN Baichao
(Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: According to Mars moving detection mission, three absolute positioning methods for Mars rover are proposed:
wireless TT&C, image matching, position circling. For the wireless TT&C positioning, the orbit determination is first done, then
the rover position relative to the orbit is determined by wireless communicating between two detectors, at last the absolute position
of the rover is calculated. For the image matching positioning, the absolute position of the rover is calculated by matching the
images during the landing process to the map of the landing zone with geographic information. For the position circling, the
orientation of the sun and Mars gravity is measured by sensors at discrete moments, then with these measured results and ephemeris
the absolute position of the rover is calculated. The three methods are analyzed and compared, and using advice is given according
to factors such as precision, constraints, etc. To get the rover absolute position rapidly and accurately, position circling acts as the

primary method to get the position, wireless TT&C method verifies the position, and image matching method revises the position.

Key words: Mars rover; absolute positioning; wireless TT&C; image matching; position circling
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Analysis on Physical and Mechanical Properties of Martian Soil

DANG Zhaolong, CHEN Baichao
(Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Martian soil is one of the major factors in the Mars surface exploration which have to be considered during the
development of Martian probes. The physical and mechanical properties of Martian soil influence directly the design of landing-pad
of Martian lander and the wheels of Martian rover. During the field tests of Martian probes, the proving ground for Martian surface
environments must be simulated. The exploration results about the Martian soil and its simulant are analyzed in this paper. The
ranges of parameters for physical and mechanical properties of Martian soil are summarized. The results can be used for the

development of China's Martian probes.
Key words: Martian soil; physical properties; mechanical properties; Martian soil simulant
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