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Abstract: During the star-soil penetrative exploration process, the detector operates under high-overload conditions. The mechanical
sensing module, typically located at the foremost part of the detector, experiences the most severe stress environment. To prevent damage
from high overloads, the module requires potting. However, while potting materials enhance the module’ s impact resistance, they
introduce nonlinearities in the amplitude-frequency response. This paper addresses this issue by proposing the ‘co-planar excitation’
impact calibration method and the data processing method of ‘ order-adaptive identification NLS-Wolfe line search’. First, leveraging the
principle of symmetry, the reference sensor and the module under calibration are mounted symmetrically on the movable table of a shock
amplifier. Dynamic calibration of the mechanical sensing module is achieved under co-planar excitation pulses. During the calibration
data processing, the order of the transfer function is determined through order-adaptive identification, and the transfer function
parameters are identified using the NLS-Wolfe line search identification module. Results show that after compensation, the operating
frequency bandwidth with amplitude error within £5% is effectively extended to 12.356 kHz, and the correlation of the main pulse
reaches 97. 69%.
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Fig. 1 Mechanical sensing module

model structure diagram
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Fig.2  Accelerometer physics-based model schematic
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Fig.3 Single-axis physical model diagram of

the mechanical sensing module
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Fig. 5 Standard transmission installation schematic diagram
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Table 1 Measured data table of standard sensor 1# and 2#

e i 14 difk 1% bRflo# bRfh2# A
MEfH/g  WKSi/ms  WEf/g  MKOE/ms  R2E/%

1 1100.06 2.010  1094.74  1.975 0. 48

2 5197.14  0.568  5165.12  0.553 0.62
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Fig. 6 Co-planar excitation method installation diagram
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Table 2 Mechanical sensing module calibration data sheet

s PRfe 1# PRfE 1# Bigl Bigl
=2 _ o - -,
B/ g Jik &/ ms B/ g Jk 9/ ms
1 1 130. 31 2.037 996. 21 2.560
2 2 173. 68 1.343 1510.94 1.970
3 2 932.92 1. 116 1 776. 54 1. 400
4 4 206. 52 0.812 2 100. 56 1.330
5 5 078. 56 0.736 2 266. 74 1. 199
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perception module after dynamic compensation

Frequency response curve of the mechanical
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Table 3 Mechanical sensing module

verification test data sheet

5 b IR g bifl 1#bksi/ms  BIRME/ ¢ BLABKTE ms

1 715. 06 1. 995 462.35 2.525
2 1 004. 67 1.570 653. 31 2.020
3 2 215. 60 0. 845 1375.49 1.290
4 3 040. 00 0.420 1 927.49 0. 620
5 5 680. 00 0.290 3 687. 81 0. 580
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Table 4 Post-compensation data sheet for

mechanical sensing module

Bl gm  FEAENR

e bfle 1 BIR(E g tofle 14 BEIKTE/ms

Rt/ g AMEEAT  AMRE BkSE/ms AMERT  HMEE
1 71506 462.35 724.38  1.995  2.525  2.045
2 1004.67 653.31 1006.13 1.570 2.020  1.580
3 221560 1375.49 2175.34 0.845  1.290  0.840
4 3040.00 1927.49 2956.49 0.420  0.620  0.430
5 5680.00 3687.81 5758.09 0.290 0.580  0.300
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