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Experiment in Torque Model of Digging the Lunar Soil Simulant
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Abstract: It is very important to start the lunar exploration for the sake of the buildup of comprehensive strength of China. Ac-
cording to a national plan, the main task of Chang E-3 probe is to sample on the moon and return to the earth. At present, the
researches on sampling tools are focused on the designing and simulating the drilling tool and there is little research on the sur-
face sampling tools. A simulated lunar surface sampling tool, which is driven by a DC motor and could measure the torque dur-
ing the experiments by using the current sensor, is designed for the experiments. Based on six types of lunar soil simulant and
parameters, the experimental data shows that the change tendency of the tool torque under different conditions is nearly the
same, and the torque curve could be described by four-feature points, whose values change with the different experiments pa-
rameters. All normalized data is imported to the BP neural network for learning and training in order to establish the model.
The input parameters are divided into three types, including motion parameters (angle and hanging height), type parameters
(cohesion and internal friction angle) , and dense parameters (density, porosity and relative denseness) and the output parame-
ter is the torque. By comparing the measured data and the output data of the model, it shows that accuracy in both fitting and
predicting of the BP neural network is extremely high.
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T KRR 55 v A S 00 T 5 KR AR s TEAT LA
B R S i B RAZ I B R AFEHLA 1 2R 8Lk 6
B BIAEIEATAE R 46 (Moore, 1978) 51997 4F- 7 ik
TR A7 BRI/ MEASSRAE T H I H firbit A&
AR A it 7 s ) FH SRR I B T 2R B R
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Table 1 Mechanical parameters of lunar soil stimulant prepared for the experiments

WL 22 ?UG_O. fi, ‘ F/Ub_l. il ‘ FU(;_L :(L ‘
MERE BHIRE BERE HIRE MERE HIORE
ARV Y (kg/m*) 364. 000 473. 000 1129.000  1286.000  1799.000 1 894.000
FLBREE (%) 85. 000 80. 500 55. 700 49. 500 37.500 34. 200
MW 1 (kPa) 4. 830 4. 830 4. 200 4. 200 1. 680 1. 680
P EESE £ () 20. 090 20. 090 24. 820 24. 820 26. 390 26. 390
AH X} 985 S 0. 000 0.472 0.275 0.910 0.914 1. 000
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Fg. 1 The digging tool of simulated surface sampling
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Fig. 2 Detecting and controlling process of simulated tool
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Table 2 Total feature data at all experiments
AL H 1 B R (m) HIE F E i 1P IR 5 IR MRS
KA wE T MEC HNm) fEC HN-m fEE HN-m) EHN - m)
CUG_0.50  Fatk#Y 0. 203 59.2 0.012 102. 3 0. 740 131.7 0. 041 0.293
CUG_0.50 AR 0.193 63.1 0. 064 98. 1 1.048 121.8 0. 444 0.512
CUG_0.50 A 0.180 62. 4 0. 079 97.1 1. 867 125.7 0.567 0. 630
CUG_0.50  #5/l 0. 203 62. 6 0. 003 98. 4 1. 610 116. 0 0. 241 0. 450
CUG_0.50  #F5e# 0.193 58.3 0. 027 91. 8 2. 784 120. 1 0. 465 0.616
CUG_0.50  #5cml 0.180 57.0 0. 089 91.5 4,061 124.6 0. 542 0. 670
CUG_L. 25  Am 0. 203 65. 8 —0.020  104.5 1. 307 134. 3 0.578 0. 754
CUG_1.25 o 0.193 66. 3 0. 044 93.7 1. 669 124.6 0. 562 0. 800
CUG_L. 25  #AHA 0.180 63.9 —0.038 99. 2 1. 809 133.7 0.678 0. 863
CUG_1.25 s 0. 203 61.1 0. 020 110.0 4. 037 172.3 0. 851 0. 851
CUG_1.25  #55# 0.193 59.2 0. 008 94.5 4. 257 120. 8 0. 695 1.074
CUG_1.25  #semy 0. 180 63.1 0.013 105. 4 5. 475 132.1 1. 008 1. 085
CUG_1.50  #AHLA 0. 203 65.3 —0.036 89. 3 1. 410 114. 3 0. 437 0. 887
CUG_1.50  #iAH( 0.193 69. 6 —0. 040 95. 7 1.815 122. 4 0. 497 0. 810
CUG_1.50 A 0.180 63.9 —0.078 99.0 2.028 124.5 0. 677 1. 166
CUG_1.50  #F5e# 0. 203 62. 4 —0. 090 97.5 3. 367 118.8 0. 468 0. 999
CUG_1.50  #5eml 0.193 60. 0 0. 021 97. 4 4.159 113.1 0. 664 1. 064
CUG_1.50  #5cm 0.180 58.3 —0.055 90. 7 6.933 115.3 1. 059 1. 355
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Fig. 3 Feature points and torque curve of loose CUG_1. 50 2 i
simulated lunar soil at hanging height of 0. 193 m N Rt 2 5
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Fig. 4 Structure of BP neural network algorithm
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Table 3 Normalization constants of different parameters
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lin’}, “trainlm’) ;

0 W £ TR S AL

net. trainParam. epochs=500;

net. trainParam. Ir =0. 7;

net. trainParam. goal=0. 0001;

BT AL I 2R AR

net=1init(net) ;

Y0 AR 1) 2 2] 5911 2k

net = train(net,input, target);
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Table 4 Evaluation parameters of BP neural network

AR B 57525 MSE KRR
23 BB 1. 256 X104 0. 995
Y ZRI0UE By B 1.193x 104 0. 996
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Fig. 5 Validation between the real data and predict data from trained BP neural network among three different lunar soil simulant

S H R 1A S 0 AR 0L X e T 5 . £5 HERIFIRETL
M5 P FEE EAENREIE TR T EIE Y Table 5 Comparison of model validation errors
MR ZER RN o 3 AN FRAE 5 0 i3 22 0 4 il B e i B8 S R0

L026LAPY. 46 145 IO IR IRt FRMWMRAAAE  CUGO50 Ll BEC 516 61 182
WEBh U A BN MR R BT gl Cre-o %0 I LA R, 0550, 0025

CUG_0.50 S5—IgfHm  fEC)  99.3 98.1 1.2

RAMERE CUG_0.50 #F—Wgfif f(N-m) 0.985 1.048 6
3.4 REEH CUG_0. 50 BIEA fIEC)  125.1  121.8 2.7
Zeb IR UE W] 1 2 2] IR 58 B BP #if 248 ) CUGL0.50  #JEA fE(N+m) 0.413 0.444 7.0

5 \ ) N PN o CUG_0.50 55— I&fEHA H(N+m) 0.500 0.512 2.3
LRI AE R FN RN PR 7 TR 8 3R 242 CRAE CUGL25 #IEHE GEC 6.7 6.3 0.9
WL AR B Y8 LA 5 v R B E— o FE B L e CUG 1.25 #2lh FHs f(N-m) 0,038 0.044 13.6
T R BHIF A 5 EE. 3L T Matlab V-5 38 K 52 35 1911 283_1 25 iéﬁgi‘ ﬁ%ﬁw) 1946.164 1936.679 1.0
N N N - N "UG_1. 25 R, =3 [ em . . 66 3.3
SRSy R A SR AL BP 22 5 B AT 3 CUG_L. 25 ES i fECE) 1195 124.6 4.1
a7 5, WK 6 frs R R ILA 58 (DB gt CUG_1.25  #JEh  fE(N-m) 0.574  0.562 2.1
BT AN SRS A U A SRS input; (2) 14 CUG_1.25 4 —M{HM fi(N-m) 0.751 0.800 6.1
Pz Y, 37 , N NN CUG_L 50 R&iak#ms mEe  67.9  69.6 2.4
JHFEME I VI ZE 1 22 [ 25 net 3L Dy load CUG_L.50 j#g L#ai H(N+-m) —0.046 —0.040 15

net. mat; (3)fif F #2225 1184 B AR output, T CUG_1.50 #—isfisi  frEC)  99.3  95.7 3.8
VR s output=sim(net.input) ; (4) B A %L SE?_L 50 %#E{Eﬁ ﬁ{(%( m) 1.681 1.815 7.4

- . 5_1.50 BIE AL VEC)  122.9 1224 0.4
iz g A A B R A RO X5 (5) 25 i LA CUG_1. 50 A4 EN-m) 0.514  0.497 3.4
output iz 3 M BE X 22§l 4146 BT - il B ACRS Sy . CUG_1.50 &5 W&fis fi(N-m) 0.753 0.810 7.0

plot(X, ouput).
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