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Influence of lunar soil parameters on the lunar landing
airbag cushioning performance

ZHOU Xuan'* |, ZHOU Shiming'”* , LI Daokui'*
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Hunan Key Laboratory of Intelligent Planning and Simulation for Aerospace Missions, Changsha 410073, China)

Abstract; To study the influence of lunar soil parameters on the airbag buffer performance, a lunar landing airbag was designed according to
the landing conditions of “Chang’e 3” probe, and then an airbag dynamic model considering the characteristics of lunar soil was established based
on the crushable foam model. The airbag cushioning process under different lunar soils was analyzed, and it is found that the softer the lunar soil,
the smaller the payload impact acceleration, but the airbag will sink into the lunar soil, which is not conducive to venting and affects its cushioning
effect. Therefore, three indicators of airbag peak pressure, payload maximum acceleration, and payload maximum drop height were used to evaluate
the airbag cushioning performance comprehensively, and the influence law of lunar soil parameters was quantitatively studied. Results show that the
lunar soil density and shear modulus, as well as the yield parameters a, and a, , have a significant influence on the cushioning performance, with
a positive effect on the first two indicators and a negative effect on the latter one. Further research reveals that the relationship between each of the
four lunar soil parameters and the three cushioning performance indicators is an exponential function.

Keywords: airbag; lunar surface; soil; landing impact; cushioning performance

H BRI 57 25 [ 1 JR TR 2 4800 14 1 18 H A
W PRI ) AN BT R, H T 3 2 RGBT IR B B
2020 410 H, LIRECHE I 7 AEZKEE T (B
JRRTRET O ) L PRI A BR BT R AT
Ko 2021 4E6 A, E AR Wik 2 A 1
P H BRI IE 2t & 15 45 R ), D [ P & 1 £ 1 A
JER EARRIT AR . IR AT TR IE S
ST H BRI, ER AL IRA KR I BT B AR B
HERE . ARXE T HE RN A= g mpl,
G B A EH RN R RAR (S R A B

«  Yrfs HH9.2022 -02 -25

PERE T R PE A7 i R R DT AE 1 % 10
Wiz b J7 10 S B A HEFNTE T1. 1966 4F, TRHK Y
CHBKO SRR A T AR B
—UAE H BRI BCR Bl o JE R, BT A
s oK, S 1 AR R 32 e ) W S 0 LA . L
F 1997 47, JE [ 1 K R RIS A FRR
REEREII T KRR PR FO L
. HICAR ol M Bk, e, R B AEAT AR (K
B KRS ) FEME I 0 ARk 2 Rk,
Toi S A B 3 T AR Al A5 PR #f1 Bk

EE&TE : AN G BSEUE 5 B H (040202 ) 5 9 76 4 5T A BHIF 13T 98 B350 H (CX20190048)
YEE® A JAE(1991—) 55 AU T A 0F58 42, E-mail ; zhouxuan2031@ foxmail. com;
AL GEEES) B, 287, W1, 144 200, E-mail : lidaokui@ nudt. edu. cn



$70 - e AN o 4

5544

B, AP EA R T A AR Z . 1t
b, TR AR T 0 B, B PR RO R P
(“HABR9 57K AFH RIS )  ME R
R JE, HER R A2 (LG4l & B < 2E) 3w
FH .

FIXHFHER, A BRIAES A Hopps . B T A
BRE SN /N FEARTC RS, H HEm g
(PLHTE JRE %) g BB AR . Wik
S F SERERN R, TR, WA 43 B F 436X F Thi o il <
PG thPERE 52 . 1966 4, Jaffe I Scott™™ X
“HIK9 57 S 3 M H BT S np s T BE IR
FEBEAT T, 2l FRBERARSHTA WS
Fili , PRI R W56 T H HER2m e G2 P RE RO BIF ST
X L T 2 il A 9 2% o AT, R 2 R A
SRR T ok A X R R T AT .
B 0T (g L v 4 ) B 0 5 b
S, M550 1 I )2 R, Taylor 251
TEAMT T 2 2 R e I A Tl % whnb e 7. 1 s
(A 2 SR G v PERE B BRI X
I, SRR A3 BT T A [ M T 4 R, 4% R 2
FIF R X 42 e A 78— S8 b T A 78 ) e A Y8 B
BN T2 22% o s A AR AT TR AL
o] S 8 52 p I IR 5 B, b TR AR, R B N 2%
PR REAAT . AT UL, b R R v P RE 1Y
RO 502 5 T AT AR, 2 A

SR HES R E R T
Jiv AAE B 90 K B Bl RS I 1 25 75 18 - S Ay
PELP R, Timmers 251 FESMHT A 7R I BYAR Y
SBEE G RGN, R B BRI, T
BATSME TR, B 4 SR R i T, PR
Tutt 25 5138 7 WRP 138 T A 5 o IR < 5
o E B E . ke R R SR B R Bl
DeLoach" ' 3% FA BAAR S B8 31 19 07 ¥ , 2R 45 Hu b
R NGESE S SURa 22Ul - IO} A 14
S, Heymsfield 25" 118 T Jo B HY IV 2% i T
BT S EOG A R AR 5 T A7 i n S R 1
M [RRE I, XFF H 1 Bl R AN 2
WFSE AR A HEXT 28 wh P RE A S0, 75 R S
OrHT S B S A

TR AR RIAR &2 | A R PR 45
SRR kAR | A 3 0 e A A T
TR 2L 1S) o ) 2 I R e TR 7 - 3 o ol A
UG Rl MLAG 1 o5 i 2 o 3 Rl e o il S 0 e
B, LS - DYNA #{f fr g fit 7 —Ff
AR5 IR TRY  FERB IS 25 5 25 S8 3G i |
AT TR R R G S M W 2 B T

HE P A 3R DR A U i ol )~ I S 3
H T2 BRI AR SRR AR X ] e
Pt

BRI, A SCBeiE 1 RIAEIE 19 A A
Bl 3%, IR T 0] TR SR IR A i S7. 1 25 i e
R HEGE nh 3l Jy 2 L, i T AR H SR
M LREE R i e, WE9E T H HES B Bl S
PP PERERIRZ IR, LUV B S5 Be T A 4
XSG P RERZ MR BTG S T il A e
FRMS%,

1 #&BIRE 5WIE

% T8 IR R Bl S bl 12 E A R OT
R A A5 TN LSRR o [R]I AE S7 X P AR 73
A FROCAAES , SRJ5 1 LS-DYNA K fF i id F 3h
T T Ay ( 45 « CONTACT_AUTOMATIC_
SURFACE_TO_SURFACE) & X S FE5 +3 H3K
BT I AR SC 2& , RIAT S8 LR AR
TN T3 ) R A A I Y A T 1 AT B O
Bk
1.1 SEERTEEREIE

ISR W AT FROTRE B 1 05 vk R EH A
b 45 i A B (control volume, CV) FIAL R A%
BH H BRA$7 = (arbitrary Lagrange-Euler, ALE) . %f
T BB R RE, ALE 4 5805 42 A 1 i
AP, X T G i BRI PR T 1k 1 T A R
HEAR AR CV BTGRP,
£ CV IR SRR Zeid BIEA TR

ARG ACRS TR, A

P=(y-1)py.e (D)
P, PO ENIE, y R, p,. R
R RE e R LLINEE, BA
de _(1-y)dV (2)

e V
A, VI B UARIARR
B () A (2) BT 2 N E P S
ARV ISE R . CV ki i i i R ok 31
BB AR
V= le'nixAi (3)
A x, HETTT R x ARARAYF X (R, n, S HOTTE
[6]-5 o RHIJFARTZ A, S RITH AR, N D
AT R
AHEHE L TR B R

1

1
Am _ LV 12 (20591
At_C“A”’P(RW) A X[v—l(l A >]

(4)



54 1)

JETTE , 55 - A SES B0 A T Rl G2 o P RE R 71

K, CoHER A 28, A, HHFR AR, R,
ARV E, T R, A HHER D
THEIZ, BA

P];‘"“, A=0.528

A= (5)

(%”) A <0.528

KL, P WA TT

BT BB R R 2 vh ) ) 2E i T
XF SCHR [ 23 ] e 8 4 9 A4 1) 3 il 2% o il o o e
AT R T, AT R 2.5 ke, fi il
FER 4.8 m/s, gy HABRITTHERAE 1 iR,
AR R I SV D T R, AR AR UEFT T R AL
ZWESE A R RZ ), S HL AR 57 S B (9 HES D
EWE T REHER T . IR E A5 25 SR
RN FED5 BT e iz R 02 iR g
V1) 1 TET A 25 PN ) 7K 8 b T R O 3 4 R 2R 47
Bl AR W O WIA ., 7E LS-DYNA %X
PFra et B S T A A SRS A e
Z ) 42 i G &R, 0 OC B « CONTACT _
AIRBAG_SINGLE_SURFACE & Y %% 9 1 2 fit
J& ¥, i 3 O 4t %« CONSTRANED _ EXTRA _
NODES_SET i S5 544 A 4847 2Z 18] (1) 9 1 5
Fo KBELWYMIEE R 0.16 mm W LYH/EZ
2 [a] P A4 R, M8 S 300. 0 MPa, JFT A [
0. 2824

N\ A
s

RE

H
I
itk

B EHRRRAA RIoR

Fig.1 Finite element model of the landing airbag
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