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Fig. 1 Particle size distribution curves of different Mars regolith simulants
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Fig. 3 First rock borehole of Perseverance rover on the surface of Mars
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Fig. 11  Particle size distribution test results of JLU Mars
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Table 3 Key parameters of JLU Mars series simulants

24 JLU Mars-1 JLU mars-2 JLU Mars-3
Do/um 3 80 310
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Table 4 Particle ratios and relative densities for three
particle conditions

L% Hmm O
<1 75.0 65.0 60
) 1~2 8.0 10.0 10
i
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o
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10~41 6.0 8.0 13
0~300 74+2 77+2 80+2
X 300~600 92+2 95+2 98 +2
T
>600 98 +2 98 +2 98 +2
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Fig. 12 Rock blocks of two strength classes
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Table 5 Effect of rotation speed and feed rate on sample mass
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2) HUREL K B e

BUO R HE K 8 ROl Sk B L A Sk AR Oy
BUSANI 20675, ERCSETE R, # A PG E
U ZI, Bl BAE KAt — DR IR . PO
WORELE 5, ANEGENR Sk T 30 4 31 0 Ak A i R B 29 R
50 mm, FLA MR PN BRAL S TN 3 4 B O Bl 2R s PR
B2N20 mm GE SCHEGE R EKE) o IEFEIUCE:
HEK 4 5960 100 mm, 350 mm fHEEE K
FE, e EAl RIS A B . A LA JLU
Mars-233F47 T BUEHK BE X SRR B 2 ma 0] Lk, 8t
FOIF A X 2 S T N 84%, & R 14FR

JLU Mars 2K 38 (84%% L) AN [E RAEK B R A 5

4

: E 1
]lﬁ avg: 3.04 avg: 3.25
& 2
B

EVEUEN
AR 110/100
L [HGESRLRE: 60/100

60 100
TR /mm

14 BUEAGEK FEXT R A 5
Fig. 14  Effect of coring length on sample mass
RAE R EHE R, BUSET K B 60 mmit i 2
100 mm, RAEE-FIEMNN3.04 g hnF13.25 g, HR
AN S o AR EER 2 i A AR R AR 0L < 438 HE AR 2% FE Ak
S, TR O A A I R R S B ET gbh B X
VLA, BPAEBCEEG R EEIG I, OB IR AN AR IR



280

AR AR CRIE30)

20254F

TWBGE A, T2 A BE N BOEEE — 2 K et o ik
GREEHEN, SERERERD . AR, 5 sk
AR Al S AT ERCES BT ) 5 R HEAT A, R BIOENR Sk
NG E R AR E M IAZ I BE .
3.4 HHEMENGITIE

B T B LSRN Bl Sk A R AT AR . (A
B C 3Rl kX AN a4 ORI AT & o A R TR U
Mars 40l JOEBEAT T8 BENR, AP0k 3 A0 Sk )l ik
R o Al Sk DA R P g S A 0 245 38 B8 0 A 4D K S i3k AT
BhAL, T LA S DN DR Bl PR HHE D SR A B 3t 2
o ORI, FTICTE R Skt bR AL K R B AL AR
BRI PR 2R - BIR 7 3R R LA
MBS RERCR, IR TR ZES . Bk, kiR
A% T AR H kA B FLACR MINEOT

AL By C3MEERI RN A . A AT Bl 2 X

LRSS, WEIRTS 7T . BOS K HAE . Ak
R AT B —N110 t/min, &5 77 EHBES AL E
HURES NESHLE 4 t, BB NEE300 N, iz
10 Hzo A B C 3k Skt s A Bl i i 12 1 il gk
REE A A M2 BhEdE FE 4 R KPR, 5
SRR, #ikA (WREAGSELT]) EbE kit
5 minSEBL 160 mm A EEBEEREE, TR A Hh VA S B
FRhit. B CPIFIPDAS SLCXF A A [5G 1t B J1AH Eb
Bk AR ZFRTE, Wit sa . Ka i RicE
o HLEB. CHFRES kMBS EEE, %5kB (PDCHE
2R J]) FERD S R ANKERT 44 sHI 5E 60 mm A 4L i,
M4ikC (PDCFET)) FER97 s 56 US4 60 mmAh
by XWTKE, HiSkBREWS I BRI AR € b FE L) R
1.2 mm/min, TM%53kC%1°41.37 mm/min, FHERT 853k
BH ZF B A Y.

*6 ARMHININER
Table 6 Results of rock drilling tests
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Drilling and Sampling on Mars: Concept Design and Verification

J1Jie', GAO Xiangyu', LIU Yafang', PAN Dong', GAO Jian', ZOU Meng’, ZHANG Weiwei’

(1. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2. Key Laboratory of Bionic Engineering, Jilin University, Changchun 130025, China;
3. State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The upcoming Chinese Mars sample return missions are projected to acquire Martian subsurface samples at depths
reaching 2 meters through drilling, representing the first endeavor of its kind. In this study, a comprehensive analysis of Martian deep
drilling and sampling tasks was conducted, with engineering bottlenecks in subsurface excavation systematically identified. Design
criteria for the drilling system were formulated according to mission requirements, leading to the proposition of a drilling and
stationary sampling device prototype capable of core sampling at the depth of up to 2 meters. A dedicated drilling testbed was
constructed, where verification experiments were performed using JLU Mars series soil/rock simulants. Operational parameters, drill
bit geometries, and operational strategies were examined and optimized, with successful validation of the 2-meter drilling capability.
The findings demonstrate the technical feasibility of the proposed solution, providing valuable insights for China’s future Mars
sample return missions.

Keywords: Mars; sample return; drilling and sampling; concept design; experimental verification

Highlights:

e An analysis of Martian drilling and sampling missions was conducted, with engineering bottlenecks in deep subsurface sampling

identified.

e Design criteria for drilling systems were established, followed by the proposition of a drilling and stationary sampling device.

e Sampling performance was validated via ground experiments, where the effects of operating parameters, drill bit geometries and

operational strategies were thoroughly investigated.
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