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Fig. 1 Comprehensive drilling test platform
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Fig.2 Test platform of active transporting lunar soil simulants
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Fig. 4 Shaft screw transporting concept
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Fig. 5 Integrated shaft less screw transporting concept
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Table 1 Comparison of active transporting mechanisms
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Fig. 6 Test platform of active transporting lunar soil simulants
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Fig. 7 Working principle of shaft less screw mechanism
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3 R A R Ik 1 BB DA IE

B0 HR R B SR P o A R s R X
HE B EONME, SN it H 13 5 LI A
218.5 r/min, FT LA/ NE# %220 r/min, ARS8 R
(1) FEALEL S AS00 r/minFF4E, KK INS00 r/min, %
LR N1 900 r/min. 7E GRS I FE A B0k R
32 I TE) AN 2% 4 P 2 U .

W 12F7R, fEm bk R, B A e
THERIE, RAABCKIIMRL S B2, Mkt
ANEVBURLIU A3 A E R )2, 1X 5 HT SCHEDEM B it 4y
DB G ELRe

B 12 U SR R 4 R TR
Fig. 12 Stratification during transporting

T b 6 B B T, BRI ik
e L B AL I RS 0L, ] 13 PR . S rpLES
HH220 r/minf, %S RN, ARG HE, Bt
A 36 = 7R P R AT S mm, BGAIE TR SCTIA I A T
WItEEREMmYE. EiRlHEEEE RN, A BN
M, %L EE R IUREIE K A, ML
HOA 1 700 /minblj5E, XL EEBETRE, XERY
HLHLAL A F1 700 r/minf, 3% 1 20R B4k B i i
WRE, XWEHASGERMAYE . iR HES LT H
AT A5 3k ol R R 3 AT = B AL A ) AR A T
K 14~15T7R.

EHEIRT N, B EATLR R A 3R o, 326 3ol A ) 43¢
TERSBEEIE N, HR&ETRE. RGBSy
ST ) Y B SR ON0~150 mm/min,  RJ3%% -8 75 A
£]150 mm/min, & 1477 5B E 1 100 r/min
iF, 3% 3 A IA200 r/min, HOREE GBS L 1%L
ARfgtbr. A5G R EEORAE0~25 g/miny, HIE 15
AN N1 100 r/min, H 3R ETIA40 g/min,
WORES & REBE I 2 Z I H AT bR . @R G R



ERE kA iR e SORBDUA S T SR 4 B 61

(OVE R TS AFHEATI0AE, FWIRI0 & (R REDB I KB S BB U A0S B R T
3K, B0 AT B 3 L6 R 7 S S UK e, 40 A T R

BTSN, B AR SRk BTEAH, DL
yan T AT L B A % LS, R T TC R f T
/ bk, KOOI T bR AT R T SR R B RR

120 2 F X W
90
o S [1] FEEES. WU TLS 201742 R4 T 4 B ER[N]. b5t H 4, 2013-12-
170013).
/ TONG S Q. Chang’e 5 lunar probe 2017 acquisition rocks back to Earth
0 [N]. Beijing Daily, 2013-12-17(013).
O N ey (20 SR, UL, B, . o T BRARIRS 5 o B0 2 AR
[1]. P ERE: HoARENE, 2014, 44(6) : 543-558.
13 &R AR U A 2 AL D YE P J,HUANG J C,SUN Z Z, et al. The process and experience in the
Fig 13 Lunar soil simulants height with motor rotation development of Chinese lunar probe[J]. Sci Sin Tech, 2014,44(6) : 543-
558.
[3] EFEN. EHHCRFESEIRT & ] K58 0T FE[D]. W 7RV I 7RV
TolkK2E, 2012
WANG Q C. Development and experimental study of drilling &

S5}

—

(=]
1

_
o]
(=}

N

N

% h/mm

ikt

30

500 r

400

sampling test-bed [D]. Harbin: Harbin Institute of Technology,2012.
[4] REk. AHEESRECOHUL P RENR R Gt SR F JE[D]. e /KI5
W IR IEIE ZRIE Tk K2, 2014,

WU M. Development and experimental study of drilling & coring

300

200

3% 3% A/(mm-min')

mechanism for lunar soil test system[D]. Harbin: Harbin Institute of
Technology, 2014.
[5] HBKF, KB T, EHA, 5 ARy E AU s 0. 0%,
0 ‘ ‘ ‘ : ‘ ‘ 2004,24(&): 14-19.
0 300 600 900 1200 1500 1800 2100
U BLEEE /(r-min) ZHENG Y C,0UYANG Z Y, WANG S J,et al. Physical and
mechanical properties of lunar regolith[J]. Journal of Mineralogy and
14 3%k JHRE B BT T I AR A A Petrology, 2004, 24(4) : 14-19.
Fig. 14 Transporting speed with motor rotation (6] TRWERE, BARIE, TR TR FERIERL]. T EHHLI, 2016(8) :
21-23.
CHENG L Y,ZHAO C H, WANG K. Shaftless screw conveyer[J].
Hoisting and Conveying Machinery, 2016(8): 21-23.
[7]  5KER, SBYESR, TR, 5. T BRI IANL TS 80 e SR AL D). 1L
FH: PR BH T2 245 2010.
ZHANG C,GUO W C,ZHANG K, et al. Preference and optimize of
vertical screw conveyor[D]. Shenyang: Shenyang Institute of
Technology, 2010.
[8]  TRARIT. BRHEAIA LR AL FE[D]. K : KERE T K2, 2006.
[9] FE#, MT%F, EA4H & BmHR ok L HLEDEM ERSEEM]. P
22: P Tl k=2, 2010.
0 300 600 900 1200 1500 1800 2100 WANG G Q,HAO W J, WANG W X, et al. Discrete element method
HLHLES I n/(r-min ) and its practice on EDEM [M]. Xi'an: Northwestern Polytechnical
B 1S S B L A University, 2010.

Fig. 15 Lunar soil simulants flow with motor rotation VEZ R

. L (1985— ), F, TARIM, il &=, 1R 575 16 : TR AL &
4 LERIB 3.
JEAE HhE: 1A R VE T RS I X — [ 4125 2F A% (150080)

T FE BB e A% 3 S5 BRF T 3 Rk & it (04 5641808
iZifﬁ%‘f:? /D\ 'Fﬁf]ﬁ?//l\%*ﬁ?uﬂ i;ié ’ ﬁﬁ%ﬁﬂt@ﬁﬁi@%%% E-mail: mc0125@qq.com

100

H R /(g-min ™)




62

AR 2 R 20194F

Development of Platform for Active Filling Lunar Soil Simulants

MA Chao', LIU Fei', ZENG Ting’, ZHAO Zeng’, PANG Yong’, FAN Mingxu', JIANG Shengyuan'

(1. State Key Laboratory for Robotics and System, Harbin Institute of Technology, Harbin 150080, China;
2. Beijing Spacecraft Manufacturing Factory, Beijing 100190, China)

Abstract: Aiming at the problem of lunar soil utilization and low test efficiency for the lunar surface integrated drilling test
rig, a design scheme of the active soil feeding test rig is proposed to meet the special verification requirements of the coring
characteristics of lunar drilling and mining equipment. The shaftless spiral is utilized as the core component of the simulated lunar
soil transportation, and the integrated hopper is adopted to realize the continuous feeding of the difficult-to-flow material. The shaft-
free spiral rotation is used to actively send the simulated lunar soil vertically into the coring mechanism instead of the integrated
drilling test bench. By drilling the lunar soil, it is possible to realize quantitative and constant pressure transport of various grading
simulations of lunar soil. In order to verify the correctness of the design parameters, EDEM discrete element analysis is used to
simulate the characteristics of lunar soil transport, and experimental verification is carried out. The results show that the shaftless
spiral can be used as the core unit of the active soil feeding mechanism, and the active soil feeding test bench can be used to
simulate the lunar soil transport simulation of various coring conditions independently, and develop the drilling equipment for the
engineering department.

Key words: lunar sampling; lunar soil simulants; ground-based validation; active transport; shaft less screw

High lights:

e A mechanical device is proposed which can vertically transmit simulated lunar soil for special verification of coring

characteristics.

e The combination of the shaftless spiral and the integrated hopper can realize the reliable transmission of the multi-stage simulated

lunar soil.

e Through the discrete element simulation and experiment, the relationship between the shaftless spiral speed and the transmission
flow is explored.
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