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Geometric Characteristics of TJ-1 Lunar Soil Simulant Particles
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Abstract; The geometric characteristics of particle is an important physical property of granular
material, as well as a principal aspect in determining their mechanical properties. The TJ-1 lunar
soil simulant particles used in soft landing model tests were scanned and photographed by using a
stereo microscope. Then, a digital imaging processing software was used to statistically analyze
the geometric characteristics of particles of each grain size group, and aspect ratio, circularity and
roundness of particles were obtained to provide the experimental data for further research of the
relationship between geometric characteristics of particles and soil physical and mechanical
properties. The research results show that the TJ-1 lunar soil simulant particles have irregular
structures of corners, cheicers and sawtooth. Consequently, the surface of particles is relatively
rough. Big size particles have obvious honeycomb-like pore structure. The shape of particles
differs from each other, the main shapes are long striped, quasi-triangle and quasi-quadrangle.
Finally, the geometric characteristics of TJ-1 lunar soil simulant particles is compared to the one of
real lunar soil particles.
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Table 1 Basic physical properties of lunar soil and simulant lunar soil
Sk B i —5%%— WEOMAEE  AUBIL Ak
V' TJ -1 300 1.02 ~1.64 2.70 0.65~1.65 0.12
[13] JSC-1 119.7 1.33~1.80 2.90 0.61 ~1.18 2.7+0.3
[14] MLS -1 99.8 1.56 ~2.20 3.20 0.45~1.05
[15] CAS -1 85.9 0.96 ~1.50 2.74 0.82~1.85 0.0
[21] JD 97.4 1.32~1.57 2.90 0.72 ~1.00 1.9+0.9
Apollo 11 148 ~ 105 1.36 ~ 1. 80 3.01 0.67 ~1.20
[2] Apollo 14 75 ~802 0.89 ~1.55 2.90 0.87 ~2.26 0.0
Apollo 15 51 ~108 1.1 ~1.89 3.24 0.71 ~1.94
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Table 2 Parameters of particle geometric characteristics
and their definition
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Fig. 2 Image, binary image and contour image
of particles
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Fig. 3 Images of lunar soil simulant particles
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Table 3 Groups of lunar soil simulant particles size and their weight percentage
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Table 4 Geometric morphological parameter
statistics of lunar soil simulant particles
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Table 6 Shape characteristic parameters mean value
statistics of lunar soil simulant particles

20 5 JUIESSHL IRl w/ME S FIE
Y mm? 44.830 18.710 30.140
— J&K/ mm 30.030 18.600 23.530

FEMEA/ mm 10.820  5.910  7.620

Y mm? 19.266 4.800  9.304

- JiE/ mm 19.575 9.721 13.175
HERHEA/mm 6.278 2.981  4.337

Y mm? 5.241  1.326  2.899

= JiK/mm 10.866  4.514  7.053
FERFEA/mm 4.541  1.541  2.441

Y mm? 1.960  0.439  0.920

/g JiK/mm 6.582 2.721  4.134

WEBHA/mm 2.395  0.917  1.418

A mm’ 0.427 0.050 0.171

i Ji#/mm 2.955 0.950  1.731
FEAFEA/ mm 1.058  0.358  0.601

A mm’ 0.070  0.002  0.024

N JAEK/ mm 1.116  0.137  0.601
WEHA/ mm  0.393  0.051  0.218
MR mm’ 0.009 2.54E -05 0.004

+ J&H+/ mm 0.421  0.014  0.248
FEMEA/ mm 0.173  0.007  0.091

A K/ mmBER/ mm AR B MY
— 7.120 5.380 1.329 0.686 0.767
- 4.082 2.867 1.445 0.669 0.716
= 2.301  1.594 1.464 0.729 0.713
Y 1.311 0.874 1.526 0.667 0.683
1 0.554 0.375 1.532 0.682 0.689
7N 0.204 0.135 1.534 0.763  0.680
+ 0.085 0.059 1.471 0.811 0.708
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Table 5 Geometric morphological parameter analysis
of lunar soil simulant particles

S RAE/ e/ IME FHIE
41 5 S %‘}%’%/T% JA t%/%j%%’?

HiZE FEEAR
— 2.396  1.615 1.831 3.09
- 4.014 2.014 2.106 3.04
= 3.952  2.407 2.947 2.89
L 4.465  2.419 2.612 2.92
En 8.540  3.111 2.955 2.88
7 35.000 8.146 7.706 2.76
£ 354.331 30.071  24.714 2.73
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Fig. 4 Circularity and aspect ratio of different shapes
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Table 7 Geometric characteristics statistics of Apollo-12 lunar soil particles
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