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Design of a penetrator for lunar surface drilling
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Abstract: In order to improve the diving efficiency of the penetrator, this paper uses the mass-spring system to establish the dynamic
equation of the single-cycle diving process of the penetrator, obtains the optimal mass stiffness matching relationship for the efficient
diving of the penetrator through the ergodic optimization method, and simulates its motion state in the working process based on ADAMS.
Based on this, a high-performance lunar surface penetrator prototype was designed and tested. The test results show that the penetration
efficiency of the new prototype is 63. 7% higher than the original one, and the stability is well. The motion of each component is
coordinated, and the actual depth of the diving is in good agreement with theoretical and simulations, which is of good theoretical interest
and important application value.
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Fig. 1  Structure and diving process diagram of penetrator
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Fig.2 Block diagram of optimization system
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Table 1 Resistance of lunar soil to the penetrator

e LR (2 HE
BB Fy N 170
e JEE 42 jE ) f N 10

HR i v o 4 Bl 200 A 25 10 R TR B R 2 o 45 1R 2
RO RNEAHS 1 I AT AN 2 PR, e R
BUESE K m_step SR EEBUEA K k_step , i G IR 1)
ILANHE T 5 184 A | ok SLE s 28 ) BRI 1) 7 % , 6 2
FRMFRAEA 1163 A1, R0 A B AT HE T, 45 3



- 12 - LSRR R e o

36 45

S HUIT T N T AR TR RS T E 3 TR,
K2 % 1HFTHE

Table 2 First group of feasible regions
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mg 0.1~0.7 kg
m 0.1~0.7 kg
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Fig.3 The shell displacement diagram corresponding

to the first group of feasible regions
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Table 3 Best and worst parameters of the first group
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Table 4 Second group of feasible regions
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m 0.05~0.70 kg
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m_step, 0. 05
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Fig.4 The shell displacement diagram corresponding

to the second group of feasible regions
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Table 5 Best and worst parameters of the second group
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m 0.70 kg mg 0.10 kg
m 0.10 kg m, 0.05 kg
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ky 500 N/m kg 2500 N/m
k 8 500 N/m k, 8 500 N/m
TR 2. 86 mm Jr AR 3.72 mm
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Fig.5 Simulation model of the penetrator
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displacement of each component under optimal parameters
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Table 6 The mass and stiffness parameters

of the previous and new prototype
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