$43% HoW " L T #M ¥ Vol. 43 No.9
2021 4F 9 H Chinese Journal of Geotechnical Engineering Sep. 2021

DOI: 10.11779/CJGE202109017

AT R B BOALE R A SR A T

ERE, B B, WEH, GLEH, BEOIE, B W, 2 O&, ARR

(1. WR/REERD KRR T 0, BRI B/RIE 150028; 2. M/RIE TV KN TRE B, BRIT M/RIE 150006)

O ImAUZRRR R T EARR T S T KOS ALEAR I BRI, 2 A T HERIGRZ b
FERGREIL R 2 BB HIAER, — 2l SRR ML B, PR AR FLEE > R ALEE BTG, TR T4
HIS B TRE; 5 — 20 BRBE Bl F R e T gl OO AL R AR, MITTIEIN 17 3 S P A, o 3 od 3 57 3 i 7 RO RORE 1]
IR, 25 p8 I S R RO AR S H S UTHI TI A AR AL B, X DT BEL 0 RS2 AT SO 3 #r . A3 B L B AR e
DIEIH /e m e I e $RIVE M B B R AOMES, T DA 7 A B AR AT i 5 R RORLIE B R S DT D I RE MG &
K UTE 71 Il g sh A RO B LG5, R HOTIT B IREAR B AR UIHIE 52w, 3 2EREEE 5IE AR
FERURL AL B A FLEE BN IR AR ZR, LR L AU g I S A 2R AR AE - e i 57 RUBE ROk 3 7 45
RS, 3 ERA HER S UINI ) RRTTFRANEICR, Hilh A RO 57 4 FLR B AL BB G,
XTI 557 1 BEL 3 35 i 25 0E 20 ) A B AR AN — N UEAEL o 9F 0T O A BCRAEAE 55 P A B ik T 00 S 0R) e fit

FIRARAE o
KRR IR, IR FOUREERURL UIHIBE ) iSRRI
hE S22 TU192; TU193 XHRARIRES: A XEHE: 1000 - 4548(2021)09 - 1715 - 09

EEZE N EEE1996— ), T, WIEHIITA, FEMNFEGHRSHEN A EOAR & BCE B BB LB BT ST . E-mail:
cuijianguo_huc@163.com.

Influences of critical fragment migration characteristics of lunar soil on
drilling resistance

CUI Jian-guo', TIAN Ye', LIU Jun-wei®, HOU Xu-yan?, CUI Jiang-lei®, YANG Fei*, WANG Jing', GUAN Xiang-yi'
(1. Department of Light Industry, Harbin University of Commerce, Harbin 150028, China; 2. School of Mechatronics Engineering, Harbin

Institute of Technology, Harbin 150006, China)

Abstract: The critical fragment refers to the lunar soil particles with average diameter greater than or equal to the diameter of
coring bit hole, which is widely distributed in lunar subsurface soil. On one hand, due to the drilling effect in the drilling
process, some of the critical fragments are placed from the bottom of the hole and embedded into the borehole wall to produce
the hole wall insertion phenomenon, thus increasing consumption of the cutting load power. On the other hand, the others
cannot be collected by the coring hole following the rotation of the drilling tool, thus increasing the risk of drilling failure.
Firstly, the critical fragment cutting model for lunar soil is established, the particle size of the critical fragment and its
interaction position with cutting edge are considered, the sensitivity of cutting resistance is analyzed, and it is obtained that the
change of position has the most obvious influences on cutting resistance. Then, the concept of normal overlap ratio is put
forward to study the influences of position change on the migration characteristics and cutting resistance of the critical fragment.
The rotary motion of cutting edge is equivalent to the linear one, and the influences of normal overlap ratio on the cutting
resistance are verified by the discrete element method, so as to obtain the relationship between the normal overlap ratio and the
phenomenon of being placed from the bottom of the hole and embedded into the borehole wall to produce the hole wall
insertion, as well as the characteristics of the corresponding time-domain change curve of cutting resistance. Finally, through

the simulation tests on the migration characteristics of the

critical fragment, it is found that the normal overlap ratio and HATE: ERAARERELTH (41772387): H T A [ AR 25
cutting resistance have a linear relationship in the same S WUH (LH2020E027); M /R ¥ i b oK 5 75 4F Q3T AN 4 X 5L H
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direction. When the critical fragment produces the process of

being placed from the bottom of the hole and embedded into the
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wall, the time-domain curve features of the corresponding cutting resistances are continuous peak points and only one peak

point respectively. The above results may provide the theoretical basis for the parameter identification of drilling conditions in

lunar sampling mission.

Key words: lunar soil drilling; critical fragment; cutting resistance; migration characteristic
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Fig. 1 Mounting position of coring drill on lander
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Fig. 2 Migration characteristics of critical fragments
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Fig. 6 Diagram of mechanics of lunar soil cutting
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