1% 54 x =B M ZF R (PR
2024 4 8 H Journal of Deep Space Exploration

Vol. 11 No. 4
August 2024

— M A BkIE A E IRV K $hiR =S

AL, kAR, LEFE, § &, 4 45"
Lo EHE RS (PO VIS BFE B%E, BN 430074; 2. Ff BT K RINE AR, I 518057; 3. spEHLE K% (KB HiEk
Blsme, HIX 430074; 4. R EBUTORS GRIO 1T ERF=FAT, HiX 430074)

O W ROR M 2 RSl e I A 1 #E 5 TR RAT 5, RO IS TS Py B I 1 R
BEHR S TR P e R A W SR, R4 fzfﬁﬂﬁl—léﬁﬁﬁ”ﬁﬁrﬂ{&%Ehv%%iﬁﬁTij%Hﬁﬂ‘ﬁ HEERE 2 M

BB BE R0 5 B 7 M, BE TR EN IR AR B S A M LN T AT g

SRR, HiMFEAAN3 mm. BiEITA

10 NI, i 38 P2 e O L A B2 1) 48 o 38 ﬁa%ﬁﬁﬂ%ﬁ%%mk?%ﬁ@% HE 506 rad/min, Bt EE A

6.4 mm/min, HHER RIS 259 rad/min.

REBIR: ARRIEAE, BARHR, P d U~ R, S RPH T AR

RESES: VI9 HEMFRIRES: A
DOI:10.15982/j.is5n.2096-9287.2024.20230180

NEHS: 2096-9287(2024)04-0374-11

SIRAMR: XI5, Soul, SCE%E, . —fhd BROEE E 8 LR S B RS 0], IR R 2R (R 3

), 2024, 11 (4): 374-384.

Reference format: DENG N W, HAN G C, WEN GJ, etal. An ultrasonic drill for lunar lava tube drilling[J].

Journal of Deep Space Exploration, 2024, 11 (4): 374-384.

il

5l

HERIA S (Lunar Lava Tubes) 1A . b~ H Bk
PRI 5 A S = 1 3 152 () 7 ACHB RIDR e 10 X e R AR
TV R 3 A2 3R T K LS B 38 =, R ORI E TE
WNIIE& Z M, B BERISER =TT R M E .
J& A PR T — N MURE B A X RS R AR A 2 H
SR 1T S R U S AW o PR S 0 ) b R EAERT . BiEE AR
AIHLEE NS I R, H BRI A& BT 7RI 4R
BARICNEE . H, BEE A DRI T A&
mﬁﬁé%EEﬂﬁﬁl@,ﬁ%ﬁl%%ﬁmE&
3, A BEAEANARKHBKGE BRI AR A E T,
m,%““ﬂﬁﬁEKMM%Y%ME,EQHWﬁ
B Prse A B E S R SiAh, MR RN ER
ﬂ e AR H BRI A E A7, T AE I KUK

A HBE.

RS PR B ¥ £ 1) K F D A% mT DL 1 320
LW, BEE NI HBRIRREMBIIGK, &Mk &
AUES A4k B . FRERAE201H 28 704E4%, S Ja eah it
1T 7 Lunal6". Luna20™"'F1 Luna24 JL3/X HERE AN H
R FER[EMF S . H A Lunal6 5 Luna20 KT 2

ks HA: 2023-11-27  EEIHIE: 2024-03-26

BETH: EFRASEAIEE (42241149)
(2022010801010203) ; AL RIHELTHRITE (2023BAB154)

YT LR AT H  (JCYT 20220818102601004) ;

AL ICRAENLAL, KA AR 9 H %% )= 3% . Luna-
16V BER 350 mm, FRSUEGEK, Bk, H
FEEN101 go Luna20 SEPLESHERE 250 mm, tHAR5E
A SEELTIE HARERIE, AR R HE R vh 8 H 5
BRI IS, A EUREE NS5 go Luna24 1K
K SRR A A 58 OBURET T, S8 THI200 em RN,
SEFRIRIE 160 cm, RAETE A 170 g™, Hhidkid i
o, BENLZ A SO R . R ET1970—1972
SRS JE 6 IR TE R N Fi% N H BRIF) I T N A ER IR
HIEMTAE™, “BE” (Apollo) 11/12/14 K T 5
NHUREVE, PSS SR SO R R ORE A B, “Bi ik
%7 (Apollo) 15/16/17 K 1 B8 NHURE 25 F0 [l 3 g idk
HURE & MR IRURE 48, IR OR3.05 m RIS H 1,
AR EURE T VAR SREL T 381.7 kg [ A HEAE S .
[ F-20204F [0) H BRACSS 1 “@ Mk 15 7 i as ™, FH
—A2 mK MR RS, AR CE SR T KA R R
Ao HET, HEREERMIDURE B & £ 24 T Bk H
FERE DRI, B 70 H BRELR A MR AFAE . A6 AT
MRS, JETFHRAE S H BRI SR A AR . R
M, &5t H BRI S BRI ot e g fiiE . S5 [E R

BT EIR B £ B H


https://doi.org/10.15982/j.issn.2096-9287.2024.20230180
https://doi.org/10.15982/j.issn.2096-9287.2024.20230180
https://doi.org/10.15982/j.issn.2096-9287.2024.20230180

% 4 30

HTYSL, Fee 0 H BRI A Rl R P S Rl R 2 375

REF AT (Exploration Architecture Corporation,
XAre) [ Ximenes5F ™44t T H BRI A ERNAE S 1 H
ARE L, OFBIERESDIHEAR. B RGHA,
S0 BEORTE, WL, B S IR . AL
ax AR CIT R T 78, AH Bk Z 510 15 8 52 %
TEAE COUET R 5 IR 7L . I 6 B R E 2 fR 0 1)
MU EAE, BTN RN B S A R O
JES, SRR R, RS A
FHIZE, LN EE . 75 IR AS [R]Hh5T J2 BN T RIS A K
HEREA SR T4 EIORE T 11, BRI, A8 R &
BERGIR S5 IR G HE R 5 TRE L.

MAME L E RHARBILIRE), REGER
K. BeFER, WK T RS SA, HAahdhd f8 b 7 2 a5
JE 717 Gy it RN e . AR — T T, SR
RAS R TR/ DG, arsvEsR, i v
J7 (273 ~430 C) SFLgL, AN —BhE LA R ok
TR, HTEEEMEET A5G 1999 48, SEHEE
KA M KJA (National Aeronautics and Space
Administration, NASA) MBI HEHLIEE (Jet
Propulsion Laboratory, JPL) T #4gHFH-wt| 1~
BESER A . JPL JF R 1 B A H M OK 8 75 Il 1R A
(UTCD) ™, M TAEGERE, &R A BRI AR
ok H/NIIES R TT, DA 52 W% s v LG T PR B )
WA SR, ARG B SO S R IR A, AR
it AR EE 2R AR R AT 7R L fR ],
JPL. JE[E kR TR R 38 54 B B i E
SN B TR A, B B R b 2B A R R AR AR
BN P R IR AR B e AR BRI, (R BE R Bk IR
FERSE N, bt 2R P I B PR A8 A HF IS J7 TS AR T s
PRk o RRINIX— &, JPL MWFFLN e 1
W At F AL S ph ot 2B A IR A IR A A 45 5 S AE AR R
(R oe =y Eay Rt ECE STy S (ENEER v ASEN VIR T
NEE TR IRES I B R, (RIS G N  l R s AT
FiER A E R . Rk, SRR Tk K2 w5t
HIB R f s R A R G 2, St A v AR
Z RICYHAR GIR T, KR P B HE Y AR B
WP E G, ML T & B i) iE S R s
Be SR, AT P A IR AR SR PR T B AU
ek, THXTRFLERI, HEMEREZE, KA ATRES
EEaUY 3 (7 SN

AHIE FE B0 P U B AR AT SR AT AE [ B T FEAIG
Bl R FEARAE W), SR T 2 RO (R 3R B e e AR e
W, BESL T A S PR IR A I S R R, AT
D LA 75 R B PR A e SURe 1, R A PR T

SE T REIRAS IAHE IR, FEFN 1 Py 55 Py i ik
e 1] 10 9 A 1 )AL W L 3 P W B B B sk P
WA . AT TCAE 52 R 75 B IR 2 HLARE B 10 (R I
WEFL T8k A E B RO B R S R RE AR o [ I
BEXT A B A B A, A MU AT — 2
PRI LRI LML, (B & ML O i
MR RE AT, TCIAR IR 4 HAN . DAL
THRE T4 B 1T (K 2 41 BE el e b il gk, ABIE TEAN ]
THALSA BT B PRAS PR RE M, O 5 BT B R B AT
TFFEAS R TT FL A BE et il 1 B 5 2l o UM AROR I
HERN SR I T 58, S A A E R
WETEE ARRNH -

FHRTHE L4
i1 i itk . ‘

1 ARRESHUES ARSI S EHE R =
Fig. 1 Schematic diagram of joint lunar rover and robot exploration " and
ultrasonic drilling

1 BRKIRES G R

I T R T R P R TR A K
AE A AT PR A MRATF F o S BE &% (10 45 44 T [ 2 e
s HENE . PR RSE . AlmaE . AR
WML AL K . BRI S HNAR . A g e B o
H AL AR =B 5 B HE B A6 T P R B L 544
Jr . Mo PR B LU ) (d33) #EligtT, i
7 Vi A1 JE P2 5 1)t o P 37 >R SEE AU IR 3 B AR
o AL, JEIE RS AR BRRE, R AR A
B ARG FEE AL E, A ROR B UIER DL
PROERM AR . thdh, JEIdAE E 4HE R & AR b
BEE AR, R T IR 3 RO RO [ 5%
WONTR e Sk P i O R IE 30, TR i 1 R4
PERE.



376 PRI 2 (R3S

20244F

i E i s A

A N2

R T Jis F Pl

)

PRI

HEARS)

JEFIE A P, JEAFIRr A P,

///i;7> ] >
Cij////'mmm% Cij://,/’mHM%

K2 RS
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Fig. 5 Equivalent circuit of a longitudinal torsional transducer
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An Ultrasonic Drill for Lunar Lava Tube Drilling
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Abstract: In this paper, a helical groove conical composite horn structure with multi-point drive rotation was proposed. A

high-performance ultrasonic driller suitable for drilling in the inner wall of lava tubes was developed. An equivalent impedance

network model was used to model and analyze the ultrasonic driller to predict the response characteristics of ultrasonic driller. The

possibility of this drilling probe in applying complex ground conditions of lava tubes was verified through low gravity multi-angle

simulated drilling tests and data analysis. The results show that the drilling rate increases with the increase of the hole’s opening

angle for a drill rod diameter of 3 mm and a drilling pressure of 10 N. The maximum unloaded rotary speed of the driller is 506

rad/min, the drilling rate is 6.4 mm/min for vertical drilling, and the rotary speed while drilling is 259 rad/min.

Keywords: lunar lava tubes; ultrasonic drilling; rotary impact ultrasound; equivalent impedance network modeling

Highlights:

e A tapered horn structure was proposed with a concentric circle fan-shaped spiral groove.

® An acoustic impedance model of a longitudinal-torsional transducer was developed to predict the response characteristics of the

ultrasonic driller.

e Rotary percussion drilling was carried out with multi-angle drilling conditions for the complex terrain of lunar lava tubes.
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