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Analysis on drop breakage and collision
acceleration characteristics of millet root
stubbles—membrane—soil composite

BAI Jisong, XIE Shengshi’, ZHANG Yufeng, GUO Yaping, LU Kailiang

(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract The unclearly understood mechanisms of drop breakage and collision acceleration response in millet
root stubble-membrane-soil composites have led to a lack of theoretical basis for the structural design and
operational parameter regulation of residual film recycling equipment. To address this, a systematic indoor bench
test was conducted. Using field-collected composites as test specimens, moisture content, hardness, mass,
drop height, and screen inclination were selected as experimental factors, with soil removal rate as the response
variable. An orthogonal experimental design was first employed to identify the dominant influencing factors,
followed by single-factor experiments to investigate the variations in soil removal rate and peak value of collision
acceleration with each significant factor, and to elucidate the underlying drop breakage mechanism. The

orthogonal results show that the significance of the factors affecting soil removal rate, in descending order, is:
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composite moisture content, drop height, composite hardness, interaction between moisture content and mass,

screen sieve inclination, interaction between moisture content and hardness, and composite mass. All factors

except composite mass were found to be highly significant (P<<0.01). The results of single-factor experiments

further indicate that the soil removal rate decreases with increasing moisture content and hardness of the

composite, first increases and then decreases with increasing composite mass, and increases with increasing

drop height and screen inclination angle; the peak collision acceleration exhibits a monotonically increasing trend

with the increase of all five factors. This study fills a research gap in the drop breakage and kinematic

characteristics of millet root stubble-membrane-soil composites, and provides both theoretical and data support

for the structural optimization and reasonable operational parameter matching of millet residual film recycling

machines.
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1. Soil samples; 2. Crop root stubble; 3. Farmland residual
film; 4. Support frame; 5. Loading indenter; 6. Millet root stubble-
membrane-soil composite(compressed specimen)
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Fig. 1 Millet root stubbles-membrane-soil composite and

specimen preparation process
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The white horizontal bar below the picture is the base of the test
bench, and the white square on the height adjustment bracket is the
fixed buckle of the height adjustment bracket. 1. Computer; 2. Data
and acquisition analyzer; 3. Screen sieve surface; 4. Accelerometer;
5. Height adjustment bracket; 6. Falling platform
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Fig. 2 Drop test bench for millet root stubble-membrane-soil

composite
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Table 1 Table of factors and levels in orthogonal experiment
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Level Composite moisture content Composite hardness Composite mass Dorp height Screen sieve inclination
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Table 2 Lg (2)orthogonal experimental design scheme and results
Po—— 7 .ﬂ:i%HE‘EY%%/%O
Column/factor 1/A 2/B 3/AXB  4/C  5/AXC  6/D 7/E Soil removal rate/ %
P, P,
1 1 1 1 1 1 1 1 47. 30 48. 30
2 1 1 1 2 2 2 2 70. 00 63.00
3 1 2 2 1 1 2 2 55.25 57.50
4 1 2 2 2 2 1 1 10. 44 11. 26
5 2 1 2 1 2 1 2 13.67 11. 54
6 2 1 2 2 1 2 1 41.00 39.50
7 2 2 1 1 2 2 1 17.00 15.45
8 2 2 1 2 1 1 2 8.44 9.27
ky 45. 381 41.789 34. 845 33.251 38. 320 20. 028 28.781
ky 19.484  23.076  30.020  31.614  26.545  44.838  36.084
R 25.897  18.713 4.825 1.637 11.775  24.810 7.303
& E Iy

The primary and
secondary factors

A>D>B>AXC>E>AXB>C

T ARG IREKE, V0 BRE G IR kPas C ARG RFHE, g; D A BRVE # I , mm E N5 [GUAR L (7 5 A X B R S8 IR /K =32 15 1 J
BZE AR T A X C R A & KR S B 38 AR I, P AR SR iGi=1, ) LA LB R 5 b R on A — 91 B R IBUK P iGi=1,

2 B A U 45 R M SR I B RFR M 2% . Tl

Note: A is composite moisture content, % ; B is composite hardness, kPa; C is composite mass, g; D is the drop height, mm; E is screen

sieve inclination, (°); A X B is the interaction between moisture content and hardness; A X C is the interaction between moisture content

and mass. P, represents the soil removal rate of group i (;=1, 2); k; represents the arithmetic mean of the experimental results obtained

when the factor on any column is at level i (;=1, 2); R represents the range. The same below.
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Table 3 Analysis of variance
BN 5 A A 05 FOWAED Pa 35 1
Factor Quadratic sum Degree of freedom ~ Mean square  F-Extreme value P-value Significance
A 2 682.722 1 2 682.722 654. 191 0. 000 Hx
B 1 400. 631 1 1 400. 631 341.548 0. 000 ok
AXB 93.122 1 93.122 22.708 0.001 ok
C 10. 726 1 10. 726 2.615 0.144
AXC 554. 602 1 554.602 135. 242 0. 000 ok
D 2 462. 144 1 2462.144 600. 402 0. 000 ok
E 213.306 1 213.306 52.015 0. 000 ok
oo
RE 32.807 8 4.101
Error
B
HIT 24 279.933 16
Total

oo FOR 2 5 B 3 (P<<0.0D) . R,

Note: ** indicates a highly significant difference (P<Z0.01). The same below.
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Fig. 3 The influence of composite moisture content on test
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Fig. 4 The influence of composite hardness on test indicators
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Table 4 Correlation results between soil removal rate and peak value of collision acceleration
A TR RN Sl J R b AR O () ill 4t Jin 348 WA/ Cm /s
Test indicator Factors Pearson correlation(7) Peak value of collision acceleration
TRk b 0976
Composite moisture content Sig. (AB) 0.004
53 4 VR B 7R i A OG A —0.849
Composite hardness Sig. W) 0. 069
A PR BUIR K A —o.0r
Soil removal rate Composite mass Sig. (M) 0.028
k% BE IR b AR G 0.954"
Drop height Sig. (XUZ) 0.012
{5 T {5 £ B2 R b A SR 0.843
Screen sieve inclination Sig. (X E) 0.079

TE o N B2 AR ARG Z 80, T T2 B IR 2 A48 ok i) 2 A SRR 5 07 o IR RN [ — 1, 157> 0 S IE ARG, r<Z0 R BRH 6, |l 2 3T

1FRIRE A G MEAR . Sig. OBUR D N WU A 56 i 35 PEAE R | 7R AH et i 3% (P<<0. 05),
Note: r is the Pearson correlation coefficient, which is used to quantitatively describe the degree and direction of linear correlation between
the two variables, and the value range is [ —1,1]; »=>0 is a positive correlation, r<<0 is a negative correlation, and the closer || is

to 1, the stronger the linear correlation. Sig. (two-tailed) is the significant probability of a two-tailed test. * indicates significant

relation( P<<0. 05).
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n and the soil removal rate
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