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Factor analysis of soybean harvest losses and experimental
research on machine harvesting parameters: A case study of
Beidahuang Group Heilongjiang Heshan Farm
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(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China;
2. Beidahuang Group Heilongjiang Heshan Farm Co. , Ltd. , Second Management Zone, Nenjiang 161499, China)

Abstract To address the issue of high machine harvesting losses during soybean harvest in Heilongjiang, a
study was conducted using questionnaire surveys, Tobit model evaluations, and field experiments to
analyze the correlation, influencing factors, and optimal operating parameters of machinery in the harvest
process. The results showed that: 1) The forward speed, type of machinery, and threshing parameters
had high significant positive impacts on the machine harvesting loss while the driver training and operating
time had significant negative impact. 2) There was a quadratic function relationship between the loss rate
and operating date and time. The loss rate and crushing rate increased with higher forward speeds. As the

rotate speed of the roller increased, the total loss rate gradually increased, and the crushing rate initially
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decreased and then increased. With the increasing of threshing gap, the loss rate initially decreased and

then increased, while the crushing rate gradually decreased. 3) When the forward speed was 4.5 km/h,

the rotate speed of the roller was 560 r/min, and the threshing gap was 28 mm, the loss rate and crushing

rate were 1.37% and 1.21%, respectively, resulting in the lower machine harvesting losses. After the

adjustment of the operation parameters, the field loss rate and breakage rate were 1.35% and 1.15%,

respectively, representing the decreases of 0.43% and 0.24% compared to before the adjustment. Under

above combination of parameters, the quality of the mechanical harvesting operation is high.

Keywords soybeans; Tobit model; mechanical harvesting loss; operational parameters
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Table 1 The correlation coefficients between soybean mechanical harvest losses and various influencing factors

FANSES LEESE FALNSES % & B
Influencing factors Correlation coefficient Influencing factors Correlation coefficient
7111 = N ﬂ
fb%&ﬂ 7J§3F 0. 391 1’Eikm . 0. 481"
Driver skill level Operating machine type
HH FTH Z 0 E
R AR 2 N 5 oo
Operating date and time Soil moisture
7:. =3 = 28
T —0.058 R B2 —0.072
Humidity of air Walking route
T Ty
AL % 4 3 o sy B 5 2 o0
Debugging equipment Threshing parameters
Bk % AR KR
{I‘EJL'/@Z ' 0. 062 jt iR a./k%’? 0. 421"
Cleaning and sorting parameters Soybean moisture content
A E ¥ Speed of advance 0.680™

T e e SRR TE 0. 01,0. 05,0 1KF2EF B . K20,

Note: ***_ ** and * indicate significant differences at the 0. 01, 0. 05, and 0. 1 levels, respectively. The same as in Table 2.
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Table 2 Evaluation results of the Tobit mode
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Fig. 2 Effect of operating parameters on harvest losses
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Table 3 Experimental plan and results of machine harvesting operation parameters

. . P BE 5 b
e % e e 4 47 R % i
‘ ) ) ‘ . Performance
RGP 5 Experimental factors Performance index || i 38 @ 5 Experimental factors d
index
Test Test
number X,/ X,/ number X,/ X,/
(km/h)  (r/min) (km/h) (r/min)
1 5 450 25 1.48 1.82 10 5 450 31 2.76 1.53
2 4 650 28 1.49 1.41 11 5 550 28 1.59 1.31
3 6 650 28 2.15 2.84 12 4 550 25 1.62 1.54
4 5 550 28 1.45 1.25 13 6 450 28 2.88 1.32
5 5 650 31 1.58 1.59 14 5 550 28 1.42 1.39
6 5 650 25 1.48 2.78 15 5 550 28 1.23 1.29
7 4 550 31 1.84 1.46 16 4 450 28 1.57 1.38
8 5 550 28 1.51 1.32 17 6 550 31 2.83 1.37
9 6 550 25 2.18 2.69

TE < X i S 5 X, R VR BT 5 X, S BURE T 5 Y L Yo 20 ) SR U S R e e . 4 RSl

Note: X, represents forward speed. X, represents drum speed. X, represents threshing gap. Y, and Y, represent loss rate and breakage rate ,

respectively. The same as in Table 4 and Table 5.
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Table 4 Analysis of variance results for the regression model of loss rate and breakage rate
Y, Y,
. S I worm I
Source Degrees of F P Degrees of F P
Square sum freedom Square sum freedom

L Model 4.42 9 23.91 0.000 2™ 4.71 9 62.69 0.000 1™
X, 1.55 1 75.46 0.000 17 0.74 1 88.46 0.000 17
X, 0.50 1 24.12 0.001 7" 0.83 1 98.95 0.000 1™
X, 0.63 1 30. 83 0.000 9™ 1.04 1 124. 26 0.000 17
XX, 0.11 1 5.15 0.057 6 0.56 1 66.52 0.000 1™
XX, 0.05 1 2.25 0.177 1 0.38 1 46. 07 0.000 3™
XX, 0.35 1 16. 96 0.004 5™ 0.20 1 24.27 0.001 7"
X/’ 0.81 1 39.27 0. 000 4° 0.07 1 8.56 0.022 2
X’ 0.09 1 4.31 0.076 4 0.37 1 43.99 0.000 3™
Xy 0.24 1 11.82 0.0109 0.44 1 52.57 0.000 2™

4% 2% Residual 0.14 7 0.06 7

e AT Lack of fit 0.07 3 1.33 0.383 0.05 3 6.10 0. 057

1% 2 Pure error 0.07 4 0.01 4

S Total 4.56 16 4.77 16

W+ 4 M FRAE0. 01.0. 057K F 2R B3,

Note: ** and * indicate significant differences at the 0. 01 and 0. 05 levels, respectively.
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min Y, (X, X,,X;)
min Y, (X, X,,X;)
4km/h<< X, << 6km/h
450 r/min << X, << 650 r/min
25 mm << X;<< 31 mm
i LA SR AR A Y ET R 4.5 km/h,
VR 6 3 560 r/min, AL E] BR 28 mm B, 45 26 % il
T 1 3 e I, 76 Mt e O 2 040 5 R A 4 R 2 R
1.3% , e 1. 2500 o AR i 0 Ak 25 SR i 17 1l 55 5
UE, RN 1370 eE 3 1. 21 %, 50 fk 45 SR A
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R5 SBAEAMGRAEMBHEELL
Table 5 Comparison of loss rate and crushing rate before
and after parameter adjustment %
g5 I W
Test number After adjustment Before adjustment
Y, Y, Y, Y,

1 1.35 1.04 1.69 1.44

2 1.41 1.11 1.74 1.36

3 1.36 1.14 1.78 1.42

4 1.33 1.19 1.81 1.39

5 1.32 1.25 1.86 1.35

I{H Average 1.35 1.15 1.78 1.39
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