®=E RN F R (PR

Journal of Deep Space Exploration

10 % %3 6 H
2023 12 H

Vol. 10 No. 6
December 2023

% ABEMEERET TSR

BORR!, RARRY, A%, | O, AT, £AT, KA
(L. MGRIERDI RS BT 5P, PA/RTE 150028; 2. M/RIE T RS ML AR S RG0E K E S E, M/RIE 150001;
3. AbE A ) RAT A SR BT, dbat 1000945 4. dbit PESE) HRAF, Jbat 100094)

0 OF: T BRI T B A A A R T Ak SR A R e B R, B — P T UM AR s 2k )
KRG IS, ti st 2 77 SO AR 2 A SR T, 300 A SRR A B S BT S VR A S R R e R A, IR E R
T LR AT 57 VR U SR UK S AT R AR SR . IRIE R T SR AT AT 1, $A 5 7 S0, 3 36 T 742 SR 24 e sk
G, TR A AR NREN AR R, A SRR YIRS B 130 mmIR I I RE /15200 +£30 mg
OB RRAFPERE . BT FC AR T D v [ 3R XA S A SRR I 0 A AR 55 SR 77 SR % .

XKEE: ABRMRIX; HIHESS: KAV WMEEE
FESHES: VI ERFRIRRD: A
DOI:10.15982/j.issn.2096-9287.2023.20230118

NEHS: 2096-9287(2023)06-0608-10

SIA: BUKEG, skihifh, 6, 55 B2 A EROE BERAEG B0 55 0] WAk (R0

2023, 10 (6): 608-617.

Reference format: DUAN Z Q, ZHANG W W, WANG C, et al. Shovel design and testing for micro-quantitative

sampling of shallow moon soil[J]. Journal of Deep Space Exploration, 2023, 10 (6): 608-617.

51 &

HHT, KA IR IR H BREAE B 5 IX H 1%
HERYIRAF R T B H BCRFEIRIIAE 55 R4k
R H RS, ZAEHTI SN0 = BEAT 04, (HAEIR [BIBY
B G 2o IR sh . AR, 3 A R )
B AR s B, B E B R VR A
b, TGS BRAE AR AR 55, B SRR 23 #7325
FE R TR R IE R YIRAFASE B T BRO% RS A B
AT B AT R ALRAE RN 204, H T2 LA
27 GBI, R AT T B R
AT

CER =R R T ERIR R T SR BEAT R R, W T
— M2 T AU AR i ) AR U 2R R AR, RS
W27 e BCRFE, (HZRAETT e X H R
R[] H AR, ASE T R AR ST A 56
EZ A=k Jm (National Aeronautics and Space
Administration, NASA) [ K Y) k2R N ZE
(Volatiles Investigating Polar Exploration Rover,
VIPER) RIS BRI K 70 5 /K OKEEAT 5™, T3
JE K F R MR e i QA MR B AT 77 ST ST mAE i REA

Wk F 41 2023-08-17 &I F 1. 2023-09-29

FEIH: EHEHEHAR RS (52005136)

M RGERAE, 1% R B MRS Rt E
Z, HEBERGKE S, FEH-MEIHEANERS
SRR A H A, I B B e B R A
BRI, AR, JERMEETEIR
FER, M Em e ERRK, P W “Hk255”
( Luna-25) #RMEIE R Ko 877 20ORFE,
AR A AE WU 2 o 485 717 351 100 57 FHRRE RS, Hl T
Tk e, iR SR BTN S 4 7 UnT
LIS em® HIEAEA IR A, 07 AT SE P B R AT
ESRAE S 4 8 5 52 )i 5 RUE RO 1) 5 W1 1 28 SR
B “HER2757M (Luna-27) HREE R RIS 8RR
MW KR (European Space Agency, ESA) #Fiil )%
eI ARH, AR RSSO 1 B A T B AT S B H
MRAE, (Hb FE R FE & R oIk 2 2 UCRIE
Ko BIRKFETE, ArSLBIRIX HIEREARSE, A
fEER/DERELE . RFFRBEER. 52 SR
ZEE )

ARSCEERT R A DY TR EAE SRR, RIEH
BREE M R S A T AR FEAR R, & E W4k
KEETR, HATHRERR. $THERETRRGE
X, AEGE . R B NRERAEED, ARt —


https://doi.org/10.15982/j.issn.2096-9287.2023.20230118
https://doi.org/10.15982/j.issn.2096-9287.2023.20230118
https://doi.org/10.15982/j.issn.2096-9287.2023.20230118

% 6 3

BOkIR, 5. k2 H M

& BRAEBTH 5iK 609

g™ RIARR T e BT T T U R o RS AR
ok A A2 A s RAETT 5, $E BN, 5 T A 4 oK
FERREMNAT &, B RFE 77 R A 130 mmig B2 H#]
5742 5200 + 30 mgfi & B R 1 BE
1 HMEXAERESFRRIT
1.1 WEXABERER R

1 17) 3 35K B 0 O HE DX J2 ) 3 4 R W A e 12 Dt
RAES I Hr ok, RAENLE & BA7E — & K IRTE N
AT Z X AR A B IREREARRES KB A
KRBT, W R T AR A5,
KFENLAGMTFEE R, HREREA T EE R, B
IR EE A . By bk BRI E  ThA  RR AT
078, FEJCVRIR AT WU T 0 A R H kLA &
SERR PR AR A DL N, SRAEHL R IR
NAEE R FRIEREFEAR S BT, FEREATHI A
KRAESORRE R R, PR I RE AR B2 A AR
WF), DA S U A 4 R o TR AR I . LT
4% (Mass Spectrometer) %573 M X 48 H 5Kk A kL 1%
9N T mmifAERAR,  SRAE 5T R 2 AE200 + 30 mg
WHEN, AEEZ. B ST IRKCREE, TR
FTRFAES DR TR S AW, R IR Tt

_ = BY
5 O @—%E‘
B,é{ &

5@%@%&
[ i
i

v OwiE —

B RIXRARAE 2 i 5t

Fig. 1 Background map of in situ sampling analysis in the polar region
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Fig. 2 Lunar polar region sampling scheme
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Table 2 Comparison of advantages and disadvantages of
sampling schemes
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Table 3 Sampling shovel configuration design key
technical parameters
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Table 4 Shovel test parameters
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Table 5 Comparison of lunar regolith chemical composition in
percentage at different regions
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Table 6 Particle size gradation table in lunar regolith

simulation
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Fig. 5 Lunar regolith simulation grain size accumulation curve
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Table 7 Test bench parameters

PERES B TR SHIE
DIHIEE/ (mm-s™) 0~220
BERGESE/ (mmes™) 0~20+0.1

JKPAT I/ mm 180

2R /mm 150




% 6 0]

BUakIK, & )R A RUE BRI S5 10 613

3 MIEKRERST

3.1 FEFIZRE

SRR G R H e, LA, Wiks
B FERLAU A BEN65% % S BERT, %5 ¥2 i FE i b
6] 13 5K EHE D) S B R an 9 BT 7R o YR 130 mm%”
2SR ACPHE B i B9 (a) Frow, it )y
B Zemr s, AKCEHE IR R N1T NS, BEET 2R
FERIB N, KPHE R BT, PRI EN
125~130 mmid 2 K73 B (i e &9 (b Ar
Ny KCPHEIERAE T AT VL R R 2218
Wan, BAJSAAE— Bk s, U B 2d R
LIRS . TR 130 mmEE SR 1 A AR
i 2R &9 (o) Fian, BEETIZURBERIIE I, i
JIEI TS, T I SR UKL K RORL 1 A7
18, DB BT Wish, SR N R R
KMAEERET), HTHEAERTER, TEERTZ
KA, T BRI ZE S R R A
R B VR FE 125~ 130 mmid F2E of dha) g 28 48 it 42
WK () Frow, TEFF2M B 471 — € B30,
BEGIZ R RN, Fhia SRR, FEAT 2R B B R i
TRACES, Fia Sk B . W I gk 20 b R ) T
B, AR ES 2 R B 10FTR .

1) A7 FS /mm

0 20 40 60 80 100 120 140
K% /mm

8 FHZHLE (100 mm)
Fig. 8 Shovel track (100 mm)

AP HE 1N

N N N L)
0 200 400 600 800 1000 1200 1400
I
(a) F 427K P88k (~130 mm)

20 1

15

10

AKFHEFIN

1450 1455 1460 1465 1470 1475
I [ /s
(b) H 42K AN (125~130 mm)

KFHETIN

[y

0 200 400 600 800 1000 1200 1400
I [ /s

(o) FHzHhm 7188 (=130 mm)
25 r

ACFHEFIN

1440 1445 1460 1465 1470 1475 1480
i 16 /s
() F¥25hm 713221 (125~130 mm)

B9 s A &
Fig. 9 Shovel digging force load change curve

(b) 45 mm

(¢) 60 mm

(a) 15 mm

E 10 RASHZIRE
Fig. 10 Different shovel depths
PR IR F I FE W B, BRI IR ES
TIEMH S Z B R R BEEN65%5T5%0, X
FLH HEHAT IR FE 130 mm&# 4%, Ffh 11 5K D
AR R an 1 s . LT Ga) WA, fESSRfE
H65%5T5%IF, K FHE T R A 4 Bl A 2 R P 3
MAEK, fEiZid BN, EREIXFI130 mm



[P, A H I R E BT BRAE

[F) BF A 560 1IE SR A 57 SR BE RE 0, BEXERLAR X JR] 7R
0.025~1 mm A [FIBAH ZJEoR (12 (b) ) i
IT104RFE, LR EMAE, g3 wmE12 (o fr
Ny RFERM XA PAZ. B NiAgGEEdE R
WAH . FERARIX ] 90.025~1 mmP, BEE R K,

614 AR AR (R 3Es0) 20234
240
I, HOKIBANER24 N; HELL (b) AT, fE#K o Lo REERER
JEN65% 5 T5% 0, Al 1 g 4 B 2 R P50 R T A2 o L °
Ko it R BB S, 9 S 5 0 B 0 Lo o o
. e n on % \‘\ N
oo BOCHIT AT EISS N, 3 VAT A 5 5 LI [ SN,
RS A AN B i 4
FOLH BEREA Y TR 4 1t/ ORI RAE S B il 1m] ) 70K §w0§ by °
25 r 180 +
- - 65%5 4N T 45 °
20 L - @- 75%HLL T 4 ' .,-",'I‘ ‘.. 170 -
,|' " ,: \:I 160 1 1 1 1 1 1 1 1 1 1
R 1 2 3 4 5 6 7 8 9 10
g5t *eMe; FREUH
i Lo
Z ool ud B 12 SRABES R A SR B
h ,.'..’:".I Fig. 12 Sampling volume of simulated lunar soil by sampling shovels
Emme
[ & /
5+ , ma®
....'l,..
..,. 1 1 1 1 1
0 20 40 60 80 100 120 140
2R )% /mm
(a) IR S KT I 4L
60
- M- 65% L A ®
50 | - @- 75%5EHN A 1% o "
ﬁ .f\
Z 40 II ,,'I ‘, .l
I IANAN
St P
£ " e \
I e | /.
0r o, m , 0¥ o
o MWg W /g "®
10 b noE o B H Voo
| Chll .
.!_..’ L L L L L ]
0 20 40 60 80 100 120 140
Y28 /mm
(o) AN 51 B b 1) 7284k
K11 R SEBE 2 IR BE N T AR L
Fig. 11 Variation of force loads for different compactness of shovel
excavation depths
32 BARMERAR B0 r
KEE R MRS, FFiEd AT LR o e %%
SEVRFER ASEERFE, W12 () fim. REEFTE 2
VR RE R AT 10U R 1 45 A 13T . M £ 0 |
N A= s B vy7 A e i
Pl 2o AT OISR, i 2 3 SRR SR A ?’% .
A, HORFEREIHE 208 mg, 10UCKFEF i KME BRTIN s
#9221 mg, F/MEN188 mg, KAERIITE HARREEX % * Fi
150 ®  CRFERT

Fig. 13 Lunar regolith simulation, raw materials and sampling quality

(o) AR 3 % S BSR4 1 P

BI13 B S SRR S R



% 6 0]

BUakIK, & )R A RUE BRI S5 10 615

RHCE FRFEESME 2 B ass, i % iU TRk
R BEHERURAFAE— B3 SRR T 1 mmiT,
X RADL 438 JORL R A MO R, oV SE R W SR

BT A% X 338350 Th0 T REAA AR H 3K UK, N EeE R
FEGEE 0T H KUK FEA R R FE R R, B0 H 387K oK
FEREE RN R . T H SR K LR R =
KH ERBENRET R, FAAEREREISS. 1Bl
KB I 8, Ay A 3 e SR ) A ) AR e ) 4K
UK, TERT KUK G HE,  SEIH K UKCR &R

BE X2 wit%e B 7K S RS T K VK, SRR
By @R (K14 a) ), B TIEE RN
S mmFHIHE, FHIERFEGU— MR T — 1K
KBRS (WE4 (b)), RFFFEEH RS F
H K UKTE G R 2 RN (K14 (o ) &

() RS T KKK
B 14 SRAEG B T KK AT A
Fig. 14 Sampling shovel for sampling lunar regolith water ice
HRERFERE A BRI SRR A 2 ORI 0 T, 45
RUnE 15, AR R RGN, REARAR A R B
SRR, G O N S . TR AR A
WHEREAR, 80.34% K121 T0.1 mm, 99.41%f%F
I mm, FEARIOR f KRIAE1.45 mme

50
i [ —— L e
35 F
£ 30 +
= 25
=20
15
1.0
0.5
O J
0.1 1 10 100 1000 3 000
iR /um

P15 SRS AL A SRR ) A

Fig. 15 Simulated particle size distribution of lunar soil in a sampling tank

3.3 FREhR XA

I RS RN A A, TREHRE R 5T
Ao ABRIHUME M IRSE AR, BB A e T
B2 RFERLAE NN & WAL R 16, R KRR
B A SRR SS, 8 B R ML R AL 5™ 5 2 1)K
SARAS, Bl S SRR TE K 75191 BL60 t/min (145 5)) f1 3
£, BEHATE10°08 8, IEFIKFIRER 24, FEARM
REFFE R vk, e RAAEERE

NRFEF AT IR ) NIB A R W E 16T
Hdr, E6 (a) MR 2P ER, R
FEME N REARTCIH B 16 (b) NIEK IR
R, IRIIBER G ST, 8 R R A
% Ele (o) FHATIRENEMN G, EERFEMARFAT
Ea

=

(a) R RSP fr B

(o) RFEG" WFEA B TE

(b) IRENASEFLILFRE

K16 HRahNIREL AR
Fig. 16 Vibratory oscillating sample delivery

4 2 i

AT UAER A AR DU 10 H BRAR X H 4% 4 P A7
REVE R 2 B R IAE S5 RN, DARRIX S SR 00 H
PR AL S, TR XCRAEAE 5 B RS AR
A, GG E AN A B DCRFET S, SR 7 Ak
WU A o 5 B At 2 B R TT 5, #2T
AL S T 5 2R RRE I & TR RAE ™
J5 AT PRI IR

1) PR — b T U A S 15 B At G 12
JERFETT S8 VTl 7 Fhg™ . SRILAR A F i H S8
SERCRFEY™, A58 B E TR X 6] R OE R S5

2) R Pt G277 50, R BRAE f 2 ]
(S ke IR R Sl TR T (BN A Pl (1912

3) A RAR G 2 1 AU R R i, T



616

WA R Ch3E30)

20234F

SEIRIE BRAEAESS s RSB IE R Tr 20T S ik
FEAESS . SRAF R USRS L2006 AL T o

4) FERS T UGBS H SRR KB T, s

I 7 R A — R TR LT, I R S ) A
IKUKEFE B AT RAE

(1

[2]

[3]

[4]

[3]

[6]

[7

[8]

[9]

[10]

2 £ x #®

ZOU Y, LIU Y,JIA Y. Overview of China's upcoming Chang'E series
and the scientific objectives and payloads for Chang'E-7
mission[C]//Proceedings of 51st Annual Lunar and Planetary Science
Conference. Houston: AIAA, 2020 (2326): 1755.

A5, skl L 55, ERIIXOKURRAER AR SRR )], R
AR (P 3E30),2022,92): 101-113.

JIJ,ZHANG W W, YANG X, et al. Overview of water ice sampling
and detectiontechniques in the lunar polar region[J]. Journal of Deep
Space Exploration, 2022,9(2): 101-113.

kAR, LR TT, ARG, S ) S T Y S I B AL Sk BETHI). T
M4, 2016,37(12) : 1347-1355.

ZHANG W W, JIANG S Y, LI P, et al. Design of a screw-conedrill for
lunar regolith drilling mission[J]. Journal of Astronautics. 2016,

37(12):1347-1355.

RS, AL, iR B, 5. SR IR TS AR I8 0 T P2 R AL AT 5 IR
BARMMD]. TR, 2021, 42(8) : 1004-1014.

DENG X J,ZHENG Y H,JIN S Y, et al. Changes in sampling sites
before and after digging in Chang’e-5 mission[J]. Journal of
Astronautics, 2021,42(8): 1004-1014.

WA, ARHELL, BATEIE, 45 — P A RIS & B T2 IR L BT FE 0]
iR # L, 2017, 26(3) : 50-56.

YAO M, ZHENG Y H,ZHAO Z H, et al. Research on reasonable
excavation depth for lunar regolith sampler[J]. Spacecraft Engineering,

2017,26(@3):50-56.

LK XL, Bk 5. FH2 R E A SRR O 5 IR ).
o R TR R 2019, 39(1) £ 49-58.

JIANG S Q,LIUR K, LIN'Y C, et al. Design and test of a sampler for
lunar surface regolith[J]. Chinese Space Science and Technology,

2019,39(1): 49-58.

PAULSEN G, MANK Z, WANG A, et al. The regolith and ice drill for
exploration of new terrains (TRIDENT) : a one-meter drill for the lunar
resource prospector mission[C]//Proceedings of 44th Aerospace
Mechanisms Symposium. Cleveland: NASA ,2018.

LITVAK M L,KOZLOVA T O,ILYIN A G,et al. Ground-based
testing of the lunar manipulator complex of the Luna-25 project[J].
Solar System Research, 2021, 55: 605-619.

LITVAK M, KOZLOVA T,ILYIN A, et al. Luna-25 robotic arm:

results of experiment with analog of lunar regolith in lunar like
conditions[J]. Acta Astronautica,2022,200:282-290.

SEFTON-NASH E, FISACKERLY R, Fisackerly R, et al. The ESA
PROSPECT payload for Luna 27: development status|[EB/OL]. [2021-
7-21]1(2023-8-17). https: //meetingorganizer.copernicus.org/EPSC2021/

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

EPSC2021-291.html.

FELE[E, P, XIE 8, 55, 7 il SR BEORLIE 7 R Vel R i 7
SB[, b R4, 2021, 43(9) £ 1715-1723.

CUI J G, TIAN Y,LIU J W,et al. Influence of particle
transportcharacteristics on drilling resistance of lunar soil at critical
scale[J]. Chinese Journal of Geotechnical Engineering,2021,43(9):
1715-1723.

ROBERT J G, BRANT C W, MARTY A G. Development of a high
fidelity lunar soil simulant[J]. Space and Applications International
Forum, 2008(6) : 213-220.

HONNIBALL C I, LUCEY P G, LI S, et al. Molecular water detected
on the sunlit Moon by SOFIA[J]. Nature Astronomy,2021,52):121-
127.

R, BRGNS A AR IXOR A K UK B AL AL ] e )
FEPERIETE[I]. VRS RI AR (R 3530, 2022, 9(2) : 123-133.

LI X Y, WEI G F,ZENG X J, et al. Review of the lunar regolith and
water ice on the poles of the Moon[J]. Journal of Deep Space
Exploration, 2022, 9(2): 123-133.

LAWRENCE D J. A tale of two poles: toward understanding the
presence, distribution, and origin of volatiles at the polar regions of the
Moon and Mercury: polar volatiles at the Moon and Mercury[J].
Journal of Geophysical Research: Planets, 2017, 122(1) : 21-52.

BASU A,RIEGSECKER S. Modal mineralogic distribution in
theregolith at Apollo landing sites[J]. Journal of Geophysical
Research: Planets, 2000, 105(E2) : 4361-4368.

CARRIER III W D. Particle size distribution of lunar soil[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2003, 129(10) : 956-
959.

ZENG X W,HE C M, WILKINSON A. Geotechnical properties of
NT-LHT-2M lunar highland simulant[J]. Journal of Aerospace
Engineering,2010,23(4):213-218.

HEIKEN G, VANIMAN D S, FRENCH B M, et al. Lunar sourcebook:
a user’s guide to the Moon[M]. Cambridge: Cambridge University
Press, 1991.

R, T, HET, S5, B KRN T S0 ) SR BT A [0]. R
AR CPYET0 , 2022, 9(6) : 606-616.

ZHAO Y,JI J, TIAN Y, et al. Experimental study on cutting load of
simulated lunar soilcontaining ice[J]. Journal of Deep Space

Exploration, 2022, 9(6) : 606-616.

TEH R

BWRER(1997-), 55, Wi 0 A, 2 B0 5 75 1)« A RAK R AEAR
M4

RS L g RV TR AL X ST 15 e /R VR R ML K 2 (150028)
E-mail: dzqing996544566f@163.com

TR (1988—), I, BIF AR, T ZHFF T [ : R ERCRAENL A A5
A B P AR R 5 B BRK UK SRR B R AR SCE A
(=

AAE HbbE - W IR VE T B X — E A2 5 05 AR Tk K2R R R R
JE (150001

E-mail: zweier@hit.edu.cn


https://doi.org/10.3873/j.issn.1000-1328.2021.08.009
https://doi.org/10.3873/j.issn.1000-1328.2021.08.009
https://doi.org/10.3873/j.issn.1000-1328.2021.08.009
https://doi.org/10.3969/j.issn.1673-8748.2017.03.008
https://doi.org/10.3969/j.issn.1673-8748.2017.03.008
https://doi.org/10.16708/j.cnki.1000-758x.2018.0067
https://doi.org/10.16708/j.cnki.1000-758x.2018.0067
https://doi.org/10.1134/S003809462106006X
https://doi.org/10.1016/j.actaastro.2022.08.003
https://doi.org/10.11779/CJGE202109017
https://doi.org/10.11779/CJGE202109017
https://doi.org/10.1029/1999JE001084
https://doi.org/10.1029/1999JE001084
https://doi.org/10.1029/1999JE001084
https://doi.org/10.1029/1999JE001084
https://doi.org/10.1061/(ASCE)1090-0241(2003)129:10(956)
https://doi.org/10.1061/(ASCE)1090-0241(2003)129:10(956)
https://doi.org/10.1061/(ASCE)AS.1943-5525.0000026
https://doi.org/10.1061/(ASCE)AS.1943-5525.0000026
mailto:dzqing996544566f@163.com
mailto:zweier@hit.edu.cn

Hol BUakIK, & )R A RUE BRI S5 10 617

Shovel Design and Testing for Micro-Quantitative Sampling of Shallow Moon Soil

DUAN Zhangging', ZHANG Weiwei’, WANG Chu’, TIAN Ye',
GONG Xuejian’, JIANG Shengyuan’, ZHANG Yunfeng'
(1. School of Light Industry, Harbin University of Commerce, Harbin 150028, China;
2. State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China;
3. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
4. Beijing Spacecraft Manufacturing Co., Ltd., Beijing 100094, China)

Abstract: In situ high-precision analyses of volatile abundance in lunar soil in the lunar polar regions require micro-
quantification of test samples. In this paper, a sampling shovel scheme based on the end of a robotic arm was proposed. A shallow
lunar soil profile was constructed by progressive shovel digging, micro-quantitative collection of lunar soil samples at fixed depths
was achieved through the configuration of a fixed-capacity sampling chamber, and the shovel teeth could be used to scrape the debris
formed by the water ice of the lunar soil for sample collection in extreme cases. To verify the feasibility of the sampling scheme, a
simulated lunar soil profile shovel-digging sampling efficiency test platform was built, and progressive shovel-digging, fixed-
capacity micro-sampling, and vibratory sampling tests were carried out. These tests show that the sampling shovel has the capability
of constructing a 130 mm deep profile and a 200 + 30 mg micro-quantitative sampling function. The research results provide a
feasible scheme for the exploration and analysis of China’s lunar soil sampling in the polar regions of the Moon.

Keywords: polar regions of the moon; cutaway shovel digging; sampling shovel; micro-quantification

Highlights:

e A volumetric cavity shovel digging scheme based on the end-mounted robotic arm was proposed to design an integrated shovel

and mining shovel for micro-quantitative sampling of profiled lunar soil.

e A profiling shovel-digging sampling efficiency test-bed simulating lunar soil was built and disassembly tests were conducted to

verify the feasibility of the scheme.

e A progressive shovel digging method was proposed, which can effectively reduce the operational reaction force and energy

consumption of the sampling shovel during the construction of lunar soil profiles in the weathered layer of the polar region.
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