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Abstract: The core task of the third stage of China’s Lunar Exploration Program is to realize the lunar drilling and sampling and
returning to the earth. 2-meter-deep lunar soil sampling is required through drilling method. Due to the extreme environment on
the lunar surface, an auger core drillig tool with joint inner and outer pipe is proposed in this paper. The core in the inner pipe
is obtained by pulling the soft bag, and the core in the outer pipe is transported to the collector by the helical blade. Drilling
tests on the lunar soil simulant indicate that the auger drilling tool is reliable for coring, especially for the superficial lunar soil
with depth less than 0.6 meters. The influences of drilling parameters on core recovery and drilling power consumption in the
tests are studied Relationships between rotation speed, the range of drilling footage speed and power are concluded, which can
facilitate the development of core drilling tools and the determination of drilling parameters in the lunar environment.

Key words: Core drilling tool; coring test; drilling parameter; lunar soil simulant; drilling.
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Fig.1 Sketch of the coring device structure
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Table 1 Grain size distribution of the CUG-1A simulant lunar soil

B2 (mm) =>0.075 0.075~0.050  0.050~0.010  0.010~0.005  0.005~0.002 <0.002
T 20.0 40.3 17.4 2.5 7.3

K2 CUG-IA B AESLRAENEEYIE A F LT

Table 2 Comparison of the main physics and mechanics parameters between simulant and actual lunar soil

ZH P (g/cm?) AH X 2 B (g/em®) PN BE 8 A1 () PR F1 (kPa)
S By H 4 1.60~1.80 2.90~3.20 25~50 0.20~1.80
AU H 1 1.45~1.90 20~21 0.21~1.71
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Table 3 Test data of the inner tube coring

F5  f#EG/min) AR (mm/min) #ER (mm) RERLH B (g)  WEBLLEY IR (W)
1 40 100 750 31 23.9
2 40 100 750 92 71.1 17
3 40 100 750 125 96.7
4 80 100 730 58 44.8
5 80 100 710 103 79.6 35
6 80 100 720 74 57.2
7 120 100 690 52 60.1
8 120 100 800 88 63.8 53
9 120 100 780 106 78.8
10 160 100 790 42 30.8
11 160 100 990 131 76.7 79
12 160 100 990 139 81.4
13 200 100 990 0 0
14 200 100 990 143 83.8 100
15 200 100 990 120 70.3
16 240 100 1000 134 77.2
17 240 100 990 32 18.7 120
18 240 100 990 131 76.7
19 280 100 990 133 77.9
20 280 100 990 144 84.3 145
21 280 100 900 76 48.9
22 320 100 900 28 18.0
23 320 100 900 13 10.9 170
24 320 100 900 97 62.5

- 87.1 58.0
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Fig.2 Influence of rotational speed to drilling power
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Fig.3 Influence of rotation speed to coring recovery rate
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Table 4 Drilling parameters and test results of the combined inner and outer tube coring method
a I g HER NAERREE NERCER SMFIHEE SMERLLER APLERL R ThE
7 (¢/min) (mm/min) (mm) (2 0 () 7)) ) (W)
1 40 100 800 77 55.8 580 86.2 81.0
2 40 100 800 87 63.1 602 89.5 85.0 13
3 40 100 800 100 72.5 590 87.7 85.1
4 80 100 800 97 70.3 640 95.1 90.1
5 80 100 800 118 85.5 655 97.3 95.3 31
6 80 100 800 123 89.2 601 89.3 89.2
7 120 100 800 128 92.8 652 96.8 96.2
8 120 100 800 126 91.3 705 104.7 102.3 61
9 120 100 800 120 87.0 580 86.2 86.3
10 160 100 800 130 94.2 715 106.2 104.2
11 160 100 800 71 51.4 715 106.2 97.0 70
12 160 100 740 91 71.3 767 123.2 114.4
13 200 100 720 106 85.4 609 100.5 97.9
14 200 100 800 124 89.8 743 110.5 107.0 90
15 200 100 800 109 79.0 600 89.1 87.5
16 240 100 800 103 74.6 700 104.0 99.0
17 240 100 800 85 91.6 802 119.2 109.3 120
18 240 100 800 116 84.1 745 110.7 106.2
19 280 100 680 100 85.2 623 108.9 104.8
20 280 100 720 108 87.0 685 113.1 108.6 130
21 280 100 800 117 84.8 741 110.1 103.8
22 320 100 800 131 95.0 789 117.2 113.5
23 320 100 710 75 61.5 685 114.7 105.6 150
24 320 100 800 124 89.5 687 102.1 100.0
Sy 106.9 80.4 675.4 102.8 98.7
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Fig.4 Influences of rotation speed to the three kinds of co- Fig.5 Influence of rotation speed to drilling power

ring recovery rates
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Fig.6 Influences of rotation speed to the different compo-

nents of drilling power
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