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Fig. 1 Static impact type penetration coring
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Fig. 2 High-frequency impact type penetration coring
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Fig. 3 Characteristics and technical indexes of sampling device
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Table 1 Design parameters of sampling device
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Fig. 4 Working principle of sampling device
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Fig.5 Composition of impact drive mechanism
e gy thi e 22 2 T D AR A N L P S o ik R S HE
WA SR AT a5 4 PR LI RE T A R A
b L LA H A P S S N A B I R KBl
I RN S RPN R (ol N WA R 2 SR ol W
1113 B3I o™ 58 5 B 5 1 S A Bl 1 B0 AR B A o7 A
) ) 12 gl R A IR RO O 2 AR AT RE R 2 IR
B b B3R 7B B0 0 HE S JE Y g s A B SO 5
SRR RE B ol PR P T 3 A2 67 8 R — YR
3.2 B
WO HUM 7R 32 5 F ¥R Bk i b o B8 A 9 AR



134 TR 2 BRI 2

TP AN A% 33 . 5 3T A I 57 U]
5 oRAE AL AR B VAL AT LA R L 1, B Ik
TE 5% B 12 5 r R i i T . A IO A5 I O 22 5 A B U
JRE R 25 S5 R AN TR 6 TS

PN BOSE S PAT R A

ffffffffffffffffffffffffffffffffffffffffffff

LEFT

|
|
|
|
| GIET]
|
|
|
|
|
|

6 UL Y 4L

Fig. 6 Composition of coring mechanism
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Fig. 7 Interface of coring mechanism
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Fig. 8 Supporting mechanism
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Fig. 9 Integrated system and principle prototype of sampling device
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Fig. 10 Specially made coring tube and smooth coring tube
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DG IBUEAE 5 R ) ISR Y O R AR AR i Al
A, FEBARARAR T 45 Hz I, WO & A 4% 36 19 fE
BN B ORI 32 3 R B2 /N R IS A Y
5 I S P R 458 3% TR A500S JB0RL T % Y BE A 280 R 4%
5 o PR T AR5 A JBUER A A JBULE R g T O U BN A Y B
B B PR AR A A T, BOE A A% 34 Y BE R 4
R AU A HEORE 14 32 2l 17 52 38 K L 320 3 ok 4 il J
BV RS LA RS 2% 1o S 8 B 488 3 1 JE 33
Xt UKL TS 7 Y BEL AR 28R 55 o P LA o BB A 119 B
BRZE B L B A

5 4 &

S SCEF R 5 R R TT R Y 28 H N TR AL
it T — R0 TR AR T DIR AR

BIWZEA RS, EETESE BT .

D EF XS b s B A 1k BUE SIK A0 n) A, 48 4
T ep i B IBOW s IR I T O IR T
T V1) S SR 2 [ . 17 7 35k 1) A% 3o R L SRR A . )
16 R T A5 1) S M T 4 R DT SUARRAE

2) BT b A SO 0y R T T —
P FH T 0 5% T R 1 1) g A3 o o 50 A SRR
B R FERE B E TR R AT AR b AR (0~
60 Ho) S5 op 2 (2~4 ). L b R TR 3R 8%,
A 2 20 B BE A5 IR IO 2 1 H HERE A

3) 38 2 R B IR 50 K B R B AR AE — E
RGP (0~45 Hz) » BUE 3 B b o 451 25 (14 38 Jin it
Fi e o B L O WA BT A, B AEAE — A e AR
(45 Hz) o WORE 9 45 i) 53 M 188 482 3 1 T 50 77 AIK
T IR A 3R B T R g BRUOES R e KR R T 10%,
S8 e o AR TR B R AR

NS NTRHEAL S, REEZE B NARER
BB DA 2 PRAE B T HERE S T LB T
BOERAE . B SR R B 4 A T B R AR
AL 53 R AR 3708 e A o R AR 2 T D G A2
5 S P N = R U LS s W = R A ET = N
BHANTREES DA ET WA HAT . £5)E
B ZE A T 4 I T e A0 o o 2R R 2 8 1 R Ak
Wit BRI FE R R S BUL R B AR,

2 % X W

C1] iR, mIFE, % A BRI CRHER [MAE 55 & A ]
R #E T #E, 2010, 19(5): 99 — 104. [Peng J. Huang H,
Xiang K H, et al. Conception design of a lunar robotic
sampling and return mission [ J]. Spacecraft Engineering,
2010,19(5):99 - 104. ]

2] BRBHAZE. F&E T RGO 0 SAR R B iR S &R Hiek
Bk, 2004, 19(3): 351 - 358. [Ouyang Z Y. Scientific
objectives of chinese lunar exploration project and
development strategy[J]. Advance in Earth Sciences, 2004,
19(3):351 - 358. ]

[ 3] Kashkarov L. L, Genayeva L 1, Lavrukhina A K. The
radiation history of material returned by the Soviet automatic
stations Luna 16 and Luna 20, according to track studies[]J].
NASA Special Publication, 1977(370) :745 — 754.

C4] B, ohat, Bk, 5. Mo R IR T R DL AR [T AT K &%
T #.,2011,20(4):137 —146. [Yang S, SunJ, Yin S, et al.
Soil sampling technology on extraterrestrial bodies [ J J.
Spacecraft Engineering, 2011,20(4) ;137 — 146. ]

(51 EALaz. Wiy s atl (M. B B7 Toll th it . 2005, [Wang L

L. Foundation of stress waves [ M |. National Defense



136 TRZS BRI 2 4 %28
Industry Press. 2005. ] TEH
[ 6] Mobarakabadi S, Oskoee E N, Schroter M, et al. Granular BRALE (1989, B L AFse A . EZEWHFIE W FALZS A
transport in a horizontally vibrated sawtooth channel [ J]. LIRSS E TS
Physical Review E, 2013,88(4) :042201. 3 A5 bk W R Tl K22 B 24 bl 3037 {548 (1500800

L1 : (0451) 86413857

E-mail: chen_huazhi@163. com

High-Frequency Impact Handheld Sampling Device for Astronaut

CHEN Huazhi', JIANG Shengyuan', ZHANG Ming?, ZHANG Yuliang®,
SHEN Yi', QUAN Qiquan', LIANG Lu*, ZHANG Zhixian’
(1. State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150080, China;
2. Beijing Satellite Manufacture Factory, Beijing 100080, China; 3. Institute of Manned Space
System Engineering, CAST. Beijing 100094, China)

Abstract: Obtaining primary lunar regolith with bedding information is one of the important targets in China’s
lunar-landing and manual sampling project. A high-frequency impact handheld sampling device suitable for
astronauts is designed comparing with foreign sampling techniques. The sampling device uses particle’s single-
direction motion in high-frequency impact, which can keep sample’s primary bedding information, reduce power
consumption, and increase coring ratio. Particle’s single-direction moving effect and coring ratio will be increased
through anisotropic friction morphology on coring mechanism surface meanwhile. Law of coring ratio affected by
impact frequency and surface morphology has been obtained via variable frequency coring experiment, which can be
technical reference for the design of manual sampling device in China’s lunar landing project.

Key words: manual sampling; high-frequency impact; single-direction motion; stress wave
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