20144 12 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi ¥45 5 B 12

doi:10.6041/j. issn. 1000-1298.2014. 12. 006

SMEHEREKNEREEHNEFSI ARBEHR

S N 1,2 1,2 o 1 1 3

TR% H & F H NEE #wEdE B &

(1. B FH ARG TR FEHT, Bl 201109; 2. BTz A KAT 8R0S0 g0 2, e 201108
3.E MR E TR AMFME LA LRE, K& 130025)

MR RO R IR AL HE T R S R I AR 51 DB T R BR A PLULRE Bifl . DB S H B
S, A A A R I R AT ARG IE AR, T ST T TR R A AR B UL R PR AL I A BB IE R
B AR G| R A LS S B S MME A BR 22 /N T 9% o 42 Hh BB AT L Oy B BR A A8 UL B B JE AT BUE T4,
Ty S A LA T ) M TR A DL TR 3 3 B B T B R Bl o I W58 5 1 3 T T e ML BT 0 35 M O 4 A st T

PRAT 45 A 1) Pl DE B A

REW: BHE VIEBM  BHERAR DGR HERES
X E S 1000-1298(2014) 12-0037-06

HE 5 2ES: U461; TP242 XERERIRES : A

L

LR AU 2 5 2 R A — i R 1 R ik
SR L BR 3 T CUAR KT BR L KR I B T B L BR
YA BRI TG . 2005 4E 5 7 11 H  HLiB 5k
A JOR T 1 — DA VD B 18 R B Y
BRE M A 2009 455 7, HA5 T KEE W
KA T R UG AR U O, B T LR
' TR WA R E RS TE AT H I
PRINAT: 55 3 7 H , 8 3 7 2 AR UE B 5k R 1 9 0
P TSR R R UT RO T LB 3k R 1 iR S A
38 B 23 7 A o BEURA 1 AL Bk 2R T B B XTI
e A 19 B 5 S o 6 B o

P B T B BF S T A A N R
R R RS — DR S — DN ER T
B o % E B BE T K 2% Brooks 45 4 Y35 ML
Z S8 LA 06 2 B0 V0GBt 9 S O Y
U AR SERR I A R AL A B
ML R GG RE AR M B AR 3% & 07 I R B
#7700 ERTUURE B BF 5 R W, R RE BT Mk T
64 i 1 S 0 U 0 i P 1 O — 5 b, DRI S L
AR B e A S B i B A T
J1 5 VUM — R % 18, A REVEAl 7599 T A BR 5 1
BRI o BRI R 1 R B LR A T 9k
B R e R — 2 R A — M X AT B B AT
B 0 3 A A S R ke, 3R [ i T 4 ) 45 AT

il

efa H . 2014 —06—25 & H . 2014 —07 —29

]

>

M WL R ER A AR SEAE fE I X AT L AT
i LT RE T S PRI A S 1A 3 B4 A BT B A A
A SO B AT 5C AR I SR A HE S S S DT
B A O B B 2 5 | AR A T A2 BR AR AR LY DR
TG S A0 2 A A o A7 8 8 4 I A
IE, FEAT L TZA R B BR G UURE T WU A5 .

1 BRBEERAMABREHXFE

FUE LI TR T RN 4510y D, 5
AR W

DP:er'al (7(0)cosh —o(0)sinh) da (1)

et

S

e
FDEE W

W =rb f’ (7(8)sing +o(0)cosd)dd  (2)

A r—FRPER b— R
o (0) —FReIR I AEIL A IR AL — 5l P %
B IEN ) (53R 0)
7(0) —— R AL A Z B BTV )
0, — AW A
TR WS Z Jr a1 R o
(1) AT, il i A R T LIS RN R T)
FNEEEESR @ 193] o F1 r, I AT 31530t He 4 %2 5
J1 Dy XS R E EORa] DU A E Y, ERAE
PR AR B AR I S o LU A IR K
HH A 5| IR EE R0 RO - IR 5

# [E 58 HARFHA SR G B BB H (51375199 ) B3 7 B4 4R 22 51 2 %E B 5 H (12170700500 )
EERB A Toess, TR, EZNHEREB RGOS, E-mail: 050410229@ 163. com



38 ¥ iR 20144
2T
= 8
T nax r2b01 ( )
0, o, . 2T
EW (2s1n7 sinf, ) "o,
T an = (9)

&1
Fig. 1  Force diagram of wheel rolling
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Fig.2  Wheel soil-bin test
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Tab.1 Experimental data of wheel soil-bin

test at 3 kg vertical load
JLMG KX 3l H#g 0 wE

i

v
qo

AR AR B Kpp 18 Kpp
1 0. 060 0.076 0.197 -0.051 0.121
2 0. 100 0.078 0.354 0. 104 0.276
3 0. 140 0.082 0.483 0.232 0. 400
4 0. 180 0. 090 0.561 0.290 0.472
5 0.220 0.097 0.629 0.327 0.532
6 0.260 0. 106 0. 663 0. 388 0.557
7 0.300 0.113 0. 704 0.392 0.591
8 0. 340 0.122 0. 740 0.397 0.618
9 0.380 0.131 0.744 0.457 0.613
10 0.420 0.138 0.771 0. 445 0.633
11 0. 460 0. 146 0.798 0. 463 0. 652
12 0. 500 0. 152 0. 805 0. 467 0. 653
13 0. 540 0.156 0. 824 0. 490 0. 669
14 0.580 0. 164 0. 830 0.524 0. 666
15 0.620 0.175 0. 826 0.522 0.651
16 0. 660 0.186 0. 833 0.526 0. 646
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Fig.3 Contrast curves of test value and

fitted value corrected
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Tab.2 Corrected function at all loads
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Fig.4 Contrast curves of test value and fitted value corrected at other loads
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Tab.3 Error of calculation mode at all loads
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¥ Bfi/ke 5 H A5 IHREME R®’E%
1 3 -0.20 -0.200 4 0.19

2 7 -0.15 -0.1483 -1.14

3 10 -0.13 -0.1320 1.57

4 15 -0.13 -0.129 1 -0.69

5 20 -0.13 -0.1302 0.15
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Fig.5 Soil-bin test wheel
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Fig.6  Curve of traction coefficient and sliding rate
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Drawbar Pull Model of Planetary Rover Associated with Subsidence

Ding Liangliang' Xiao Jie'? Zong Wei'® Liu Dianfu' Yang Xiaoging' Zuo Meng’
(1. Shanghai Aerospace System Engineering Institute, Shanghai 201109, China
2. Shanghai Key Laboratory of Spacecraft Mechanism, Shanghai 201108, China
3. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130025, China)

Abstract; There are many unexpected events when a rover is moving on a planet surface, and subsidence
is one of the most fatal events which could result in the invalidation of the rover. It is very important to
research subsidence prediction and intervention measures when encountering unpredictable excessive
subsidence. Function relationship between wheel and soil is linearized to establish simple drawbar pull
equation for subsidence estimation. “Yutu” lunar rover is taken as an example for revising equation by
means of wheel soil-bin test and subsidence estimation function used to estimate subsidence online. Error
between the calculation of the drawbar pull model and the measurement in soil bin test is less than 9% .
The proposed model can be used to warn before the rover sinking, and provide the sinkage data for the
earth-based simulation of breaking away from sink after the rover sinking. This method can also be used
for rapid subsidence estimation when wheeled machinery performs various operations on the sand,
beaches and other soft ground.

Key words: Planetary rover Subsidence estimation Soil-bin test Sinkage Drawbar pull



