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Fig. 1 Mechanical module model structure diagram
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Fig. 3 Installation diagram of standard sensors
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Table 1 Measured data of standard sensors #1 and #2

s Fdt 14 At 14 Ttk 2t FAt 24 RAE
& {E/g Jik 9 /ms & {E/g fik % /ms R %

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.4 Comparison curves of test results for standard sensors #1 and #2
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Fig. 5 Co-planar excitation method installation diagram
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Table 2 Mechanical module calibration data

Frft 14 Frft 14 HELA LA, WA R B RE/
IifE /g JkSE/ms  WEERV BKSE/ms (uv-gh
829.6 2.672 147914 3.251 178.296
1294.9 2.236 214 751 2.794 165.844
2136.1 1.403 313 547 2.121 146.785
2705.1 1.207 373 441 2.109 138.051
35558 0.958 389 779 1.402 109.618
4852.5 0.805 468 843 1.400 96.619
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Fig. 7 Peak sensitivity least squares fitting curve
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Table 3 Mechanical module sensitivity data

o ﬁ\‘ﬁél#ﬂ‘{é}}ﬁﬁ/ L o TR R 53/ f{ﬁfé{l/
(m-s™) (uv-s) (uv-g"h

1 5.253 1130.6 215.229
2 6.238 12923 207.166
3 7.169 1519.8 211.996
4 7.709 1633.7 211.921
5 6.809 1439.1 211.353
6 7.603 1616.1 212.561
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Fig. 8 Sensitivity of least squares fitting curve
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Table 4 Measured g-values of mechanical module

il bRtk 14 /g REALRE WV B IR
1 829.6 147914 702.7
2 1294.9 214751 1020.2
3 2136.1 313 547 1489.6
4 2705.1 373 441 1774.2
5 35558 389779 1851.8
6 48525 468 843 22274
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Table 5 Acceleration correction results

T 1431 759.09z27" +5.556 7x 10°z2+1.321 9% 10"773 +5.982 9x 10"z + 1.396 6 x 10%75

befe1# ffkle ROEERH  RIEEHREH RE Jik %
ME{l/g  Hk%E/ms & {E/g Jik %% /ms REY REY%

829.6 2.672 829.0 2.675 0.07 0.11
12949 2.236 1273.7 2312 1.64 3.40
2136.1 1.403 2153.0 1.412 0.79 0.64
2705.1 1.207 2714.8 1.201 0.36 0.50
35558 0.958 35653 0.971 0.27 1.36
48525 0.805 4849.8 0.803 0.06 0.25
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Fig. 9 Comparison curve before correction
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Table 6 Mechanical module verification experimental data
WLl bRl RIERTED  ORIERTEE RIEERD RIEJEAE
/g MkSEms  diEfE/g  AABkSE/ms  AiEE/e Ak T /ms
5407.3 0.766 2414.1 1.682 5426.5 0.772
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Fig. 10 Comparison curves of standard sensor #1 before and after correction
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Calibration for a Lunar Soil Mechanical Parameter Measurement Module Based on

Velocity Parameters and Coplanar Excitation

Qi Qi', Zhang Binbin’, Fan Jinbiao', Jiang Shengyuan’, Zhang Weiwei’

(1. State Key Laboratory of Extreme Environment Optoelectronic Dynamic Measurement Technology and Instrument, North University of China,
Taiyuan 030051, China; 2. Beijing Satellite Manufacturing Co., Ltd., Beijing 100190, China;
3. School of Mechanical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In lunar in-situ exploration missions, the resin potting used in mechanical modules to withstand high-impact
penetration environments induces nonlinear sensor responses, compromising the accuracy of acceleration signal measurements. To
address this issue, this paper proposes a ‘co-planar excitation’ dynamic calibration method based on velocity parameters was
proposed. The calibrated module and a standard accelerometer were symmetrically mounted on the movable platform of a shock
amplifier. When the excitation pulse width exceeded 0.5 ms, both devices experienced identical acceleration and velocity,
constituting co-planar excitation. Based on the principle of velocity invariance, the sensitivity of the calibrated module was
determined via least squares fitting. Subsequently, a dynamic correction model was established using the Subspace Identification-
State Space Method (SI-SSM) . Without relying on the mechanical parameters of the potting material, this model adaptively
captures the nonlinear characteristics of the sensor response through discrete state equations, thereby correcting the acceleration
output. The expanded uncertainty of the corrected measurements from the mechanical module is 4.16%, meeting the technical

requirements for lunar in-situ exploration.

Keywords: acceleration calibration; co-planar excitation method; subspace identification and state-space method;
mechanical parameter measurement module

Highlights:

e ‘Co-planar excitation’ calibration method was proposed, establishing > 0.5 ms as the equivalent excitation pulse signal in an

impact environment.

e Sensitivity calibration of the mechanical module was performed, based on the constant velocity method and least squares fitting.

e Combining subspace identification and state space methods (SI-SSM) , a correction from sensitivity to nonlinear dynamic

compensation was established.
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