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Table 2  Statistical calculation results under different Dr conditions RPN B L EDICE N, TENIEEEa (DI
GKEEIEN P Eg PRSI o N P e
gy PIEEICPSRCROENE e wemk SEURUEIIREERI SRS GEBEDAE (LB IR

dy/mm 4/mm Dr/% N N e
A0 02-05 035 0 00257 304 DL S5 RRAT, ARG % S D B 1T 5 R N
A-302 02~05 035 30 00253 372 TR R O ZEWRE T, I R SRR AIE [ S A R
A3 02705 03 30 o2 4n W ERIFRRR, IR 5 R DR A R 3
A-50-1 0.2~0.5 0.35 50 0.026 6 3.53 #%?EE@%Z”@EZ%ES?*EKT%&&EO
A-50-2 0.2~0.5 0.35 50 0.027 1 3.94
A-50-3 0.2~0.5 0.35 50 0.026 6 4.08 4 gégﬁ*ﬁgg&;ﬁ;ﬁﬁﬁ ll‘i ﬁ*ﬁ
A-70-1 0.2~0.5 0.35 70 0.026 9 3.40
A-70-2 0.2~0.5 0.35 70 0.026 7 3.44 4.1 5&@%&%%%&X5E‘TéttD/(j E"J;g
A-70-3 0.2~0.5 0.35 70 0.026 8 3.42
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Table 3 Summary of calculated fluctuation energy coefficients
x for various operating conditions

- FLA% 0 ﬂzfiﬂ*ﬁﬁ HATH N HEXS ﬂiﬁ]ﬁ%%
d,/mm J/mm D/d  #&SEEDr%  FHEy

A-30-1  02~0.5 0.35 100 30 1

A-30-2  0.2~0.5 0.35 100 30 1.02
A-30-3  0.2~0.5 0.35 100 30 1.01
A-50-1  0.2~0.5 0.35 100 50 1.18
A-50-2  0.2~0.5 0.35 100 50 1.17
A-50-3  0.2~0.5 0.35 100 50 1.07
A-70-1  0.2~0.5 0.35 100 70 1.31
A-70-2 0.2~0.5 0.35 100 70 1.17
A-70-3  0.2~0.5 0.35 100 70 1.28
B-30-1 0.5~0.85 0.675 51.85 30 1.01
B-30-2 0.5~0.85 0.675 51.85 30 1.12
B-30-3 0.5~0.85 0.675 51.85 30 1.22
B-50-1 0.5~0.85 0.675 51.85 50 1.30
B-50-2 0.5~0.85 0.675 51.85 50 1.24
B-50-3 0.5~0.85 0.675 51.85 50 1.38
B-70-1 0.5~0.85 0.675 51.85 70 1.35
B-70-2 0.5~0.85 0.675 51.85 70 1.57
B-70-3  0.5~0.85 0.675 51.85 70 1.11
C-30-1 0.85~2.0 1.425 24.56 30 1.56
C-30-2 0.85~2.0 1.425 24.56 30 1.84
C-30-3 0.85~2.0 1.425 24.56 30 1.95
C-50-1 0.85~2.0 1.425 24.56 50 2.13
C-50-2 0.85~2.0 1.425 24.56 50 2.07
C-50-3 0.85~2.0 1.425 24.56 50 2.17
C-70-1  0.85~2.0 1.425 24.56 70 1.82
C-70-2  0.85~2.0 1.425 24.56 70 1.59
C-70-3 0.85~2.0 1.425 24.56 70 2.04
D-30-1 2.0~4.0 3.0 11.67 30 2.53
D-30-2 2.0~4.0 3.0 11.67 30 2.39
D-30-3  2.0~4.0 3.0 11.67 30 2.43
D-50-1 2.0~4.0 3.0 11.67 50 2.62
D-50-2 2.0~4.0 3.0 11.67 50 2.88
D-50-3  2.0~4.0 3.0 11.67 50 2.80
D-70-1  2.0~4.0 3.0 11.67 70 2.39
D-70-2  2.0~4.0 3.0 11.67 70 2.61
D-70-3 2.0~4.0 3.0 11.67 70 2.69
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Fig. 10  Fitting curve for y versus D/d

HE10R 41, YEAD/d 1008 E 21500,
e RS BT MBERD/di— B2
2130 ) LAR I, PBhRE E R A AR ok, kA Re
W EIG R AN [FAH X SEREDr LI BB RE R
BB R —HA L D/d AR N R R AT

B e/ TR S e B R B M E A LD/ d B
TG ZEHN KRR, JEWEN 8 o WEEE 5
HHMERAEYIE RIF, RERHR =092, EHZEK
2 3RE % 5 A v i b R U B R R B B EL A L
D/d [f)ZE A

= 2.718e7 005060/ 4 1 097 (8)

A58 TR (1 3 A2 36 3 0 A T R (14 A ) AR o o s
Drh B AN R it g v a8 T LT I0AE . 1641110
M LE 5 RUNRAFTR . HH s Yineas NIRGE I EAH
Kprea IAERIFMMEL . FEAS FPRLAR VLB AR % 52 J5E A
POETERNET s Ymeas Tiprea AT IR ZE 21 750.76% ~
16.07%; Ao T oh 1036 ] 3 P RECA S TRl Py, G 2
A
42 NERPFRNERFHESRETHHIRX

BN F B Ry S ERWD/d R RS T FIH



192 WA R Ch3E30)

20264F

F4  HEIIERURE AN E-FUNERT
Table 4 Measured vs. predicted y values in experimental
validation

RiAEElE Pk AR g s fdidy BB SChE Axd
d,/mm gmm  FEDr% v/ (ms™) ABXped  Ameas WRE/%

0.2~0.5 0.35 40 2.43 1.11 1.16 431
0.2~0.5 0.35 60 2.43 1.11 125 11.20
0.2~0.5 0.35 30 2.80 1.11 1.19 6.72
0.2~0.5 0.35 30 3.13 1.11 1.14 2.63
0.2~0.5 0.35 30 3.43 1.11 1.20 7.50
0.5~0.85 0.675 40 2.43 1.29 1.28 0.78
0.5~0.85 0.675 60 2.43 1.29 1.32 2.27
0.5~0.85 0.675 30 3.13 1.29 1.23 4.88
0.5~0.85 0.675 30 3.43 1.29 1.35 4.44
0.85~2.0 1.425 40 2.43 1.88 1.75 7.43
0.85~2.0 1.425 60 2.43 1.88 1.98 5.05
0.85~2.0 1.425 30 3.13 1.88 2.10  10.48
0.85~2.0 1.425 30 3.43 1.88 224 16.07
2.0~4.0 3.0 40 2.43 2.60 2.62 0.76
2.0~4.0 3.0 60 2.43 2.60 2.73 4.76
2.0~4.0 3.0 30 2.80 2.60 2.43 6.99
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A Grain-Size Identification Method Based on Impact Acceleration Signals

LI Xiaotong', SUN Miao’, FAN Jinbiao', ZHANG Hongyan', ZHANG Yanyan', WANG Yurun'

(1. State Key Laboratory of Extreme Environment Optoelectronic Dynamic Measurement Technology and Instrument, North University of China,
Taiyuan 030051, China; 2. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: To address the need for in-situ characterization of extraterrestrial regolith in deep space exploration, this study
quantifies the correlation between high-frequency passive features in signals and particle size under low-velocity impact scenarios on
planetary surfaces, such as landing, penetration, and sampling. The feasibility of utilizing these features for particle-scale
identification is explored. A spherical impactor equipped with built-in accelerometers was designed, and impact experiments were
conducted on Earth using dry sand with varying particle sizes and relative densities, providing calibration and validation data for the
identification method. Time—frequency spectral analysis was performed on the acceleration signals. The rigid-body acceleration
signal a,yiq(¢) was used to normalize the original acceleration signal, yielding a dimensionless fluctuation signal ag, (). Based on
the power spectral density of ag,.(f), a fluctuation energy metric £ was obtained, and a fluctuation energy coefficient y was defined
to quantify the degree of acceleration signal fluctuation. Using the experimental data, an empirical relationship between the ratio of
the spherical impactor diameter D to the mean particle diameter J and the fluctuation energy coefficient y was established, and
supplementary validation experiments were performed. The results show that the particle size d, is the dominant granular medium
parameter influencing the dimensionless fluctuation signal aq,.(f); the relative density Dr mainly affects the rigid-body acceleration
@ygia(?) and its peak value, but has little influence on ag,(#); and when the diameter ratio between the impactor and the mean
particle size is less than or equal to 30, the fluctuation energy coefficient y exhibits good sensitivity for identifying the mean particle
size . The above results indicate that the fluctuation characteristics in the acceleration signal and their calibration relationships can
serve as auxiliary diagnostic indicators for identifying the particle scale of extraterrestrial regolith, supporting the interpretation of

acceleration data obtained during contact processes.

Keywords: granular regolith; grain-size identification; impact acceleration; acceleration fluctuations

Highlights:

e A spherical impactor equipped with an embedded accelerometer system was developed, and impact tests were performed on dry

sand with varied particle parameters.
e The grain size d, was identified as the dominant granular parameter influencing the dimensionless fluctuation signal.
e The fluctuation energy coefficient y was used to quantify the fluctuation intensity of the acceleration signal.

e An empirical relationship has been established between the fluctuation energy coefficient y and the diameter ratio D/ d.
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