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Research progress and key breakthroughs of coring
drill bits for extraterrestrial bodies
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Abstract: Drilling on extraterrestrial bodies is a core means to obtain extraterrestrial scientific data. As a key
component, the coring drill bit faces numerous technical challenges constrained by extreme extraterrestrial
environments and complex stratigraphic conditions. Based on a literature review of extraterrestrial coring drill bits, this
paper investigates the coring bits applied in drilling missions for typical celestial bodies, including the Moon, Mars,
asteroids, and comets. By analyzing the impacts of extreme environmental characteristics such as gravity and
temperature, as well as stratigraphic and geological conditions, on the reliability and drilling efficiency of coring bits,
the study systematically reviews the technical research progress and engineering application issues of various
extraterrestrial coring bits. The results indicate that existing cemented carbide drill bits perform effectively in shallow
lunar sampling but struggle to cope with lunar soil and granule layers and deep lunar rocks. Superhard material drill bits
exhibit excellent performance in ground-based simulation experiments but have not yet been practically applied in lunar
exploration missions. While hard rock coring has been realized in Mars drilling, the coring depth remains limited;
furthermore, the practical application effects of coring drill bits in drilling on asteroids and comets lack sufficient data
support. Future research should focus on technological breakthroughs in key areas such as superhard and wear-resistant

gradient composite materials and efficient drilling structures adaptable to complex formations. The research results
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provide theoretical references and engineering guidance for the development and application of extraterrestrial coring

drill bits, supporting the implementation of deep space resource exploitation and utilization and extraterrestrial life trace

detection missions.

Key words: extraterrestrial bodies; coring drill bit; drilling technology; deep space exploration; cemented carbide;

superhard material; structural optimization; lunar drilling; Mars drilling
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Table 1 Comparison of environmental parameters relevant to drilling and sampling between Earth and
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Fig.1 Lunar cemented carbide core bits
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Fig.8 Two coring bits designed by Honeybee Robotics
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Fig.9 MicroRoSA drilling tool and bit

4RI R B R BOR B GE A [R] 3 2 A
ARARFR 3R TR 0T M )= DA A 8 25 B 4 B Sk Ok
L PDC 45 8 BE R Al Sk 258 3 Th7 10 56 56 TE HL 4 40
{1 4t 12 BE 7 5 i 2% O SR D B 258 AR R A Y 1) i
B fhiSk B NE S REA S R . R R E
IR ISR IR A0 AR R AR B vk Al



535 31

AEYRAE A < H A0 R Bl Sk BORTT T 3 i I G B 2 17

OVHCE S 2R )2 0 R DS B R R A R
), J5 Vi BF 5 AR SR FE A 5R [] 45 420 H A o
2.3 /AT B RER BLIBOCB Sk BRI 5 R K

ANAT RN B M AN AR AT 55 B e R K B
R Ay R R S AT R A A R L
BB HU/NMT B R JZFEA AT 0007 B 2= AT g
U ZINCE SRS N N AR I T
58 0 B FTER X /N7 B R R B0 Al 3k AY SR AT
% KR sE AT o

2004 4FE ESA & 51 9 Rosetta £ BRI #8 T 2014
SRR B R R IIATE 55 1 25 R 21 4 fe R K R
SRR L2 — . Rosetta Ut i Sk g2 lig 4l , 31k
45 K4 SR FH B FC AR S 55 0 0 I, HL oA TG T | o
(I V5L —100 °C A 58) Myt K2 JE s g e 8 . %
Hili 3k SR FH 4 WA 5 AR 4l 3k L 7F 10~15 Nl a] Bl 44
R R (2 MPa) ™, IR 3R H5 8 SD2 R
FEPLCE10) , B i85 PR BE 2 230 mm, 52 bR 45 #R IR
JE A A E] 10 mm, 0] B8 H T & Bl 07 B OR(E BETR
ANREFE ZEWAT 55 kTR RNAER
BLF Can H 2R ) K W e 2, SR A v ai i 4 o vl
ek A ERMAEL, KNS RESERKEL
(7377

(b)8hk
10 SD2REM K $hk
Fig.10 SD2 sampling mechanism and drill bit
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Fig.11 SATM comet drilling tool
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Fig.12 SAS-1m spiral sampling drill bit
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Fig.14 Rotary-percussive ultrasonic drill

WA, H AR 4 5 25 F1 36 B A9 OSIRIS-REX
255 W FF e 1 /N T B HORE  (H 2 SR 7 O R T8
RO B R, BT E i R AE L JE T M b 2,
W AR A N 15 iR .

(o) Rk

(a)Rrrid 2
B 15 OSIRIS-REx F#f L0 £t 18
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Table 2 Performance comparison of mainly applied cutting edge materials

for drill bits and analysis of applicable formations
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