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Design and Experiment of Side-throwing Cotton Stalk Crushing
and Returning Device

YAN Limin'®> WU Tao' JIANG Deli' GOU Haixiao'?> FU Xuanhe' ZHANG Jinhao'
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China
2. Key Laboratory of Northwest Agricultural Equipment, Ministry of Agriculiure and Rural Affairs, Shihezi 832003, China)

Abstract; Aiming at the problems of low qualified rate of cotton stalk crushing length after operation of
cotton stalk crushing and returning device, easy accumulation and uneven distribution of broken stalks
after throwing and returning to the field, a side throwing cotton stalk crushing and returning device which
can be installed on the residual film recycling machine was designed. The structure and working principle
of the device were expounded. The structure design and operation performance analysis of key
components such as cotton stalk crushing device, lateral conveying device and broken stalk throwing
device were carried out, and the structure and operation parameters of key components were preliminarily
determined. The discrete element simulation analysis and experimental design of the straw scattering
device were carried out. According to the design scheme, a type of side throwing cotton stalk crushing
and returning device was developed and installed on the residual film recycling machine for three-factor
and three-level quadratic regression orthogonal field experiment. The results showed that when the
forward speed of the machine was 8 km/h, the rotation speed of the crushing knife shaft was 2 000 r/min,
and the rotation speed of the screw conveyor was 1 200 r/min, the qualified rate of cotton stalk crushing
length was 93.96% , the throwing uniformity was 86.98% , the average cotton stalk crushing length was
116.9 mm, and the average stubble height was 71. 4 mm. The machine had the best field operation effect
under this parameter combination. The test indexes of the device can meet the design and agronomic
requirements, which provided a theoretical basis and support for the structural optimization design of the
cotton stalk crushing and returning device.

Key words: cotton stalk; lateral transport; scattering back to the field; parameter optimization
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Fig.1  Wide-narrow row and close planting pattern of cotton
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Tab.1 Main technical parameters of cotton stalk
crushing and returning device
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Fig.3  Grinding tool shaft assembly and tool schematics
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Tab.3 Related discrete element simulation parameters
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Fig. 12 Simulation of scattering and field return
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Fig. 13 Simulation test index measurement methods
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Tab.4 Spreading width test results mm
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Tab.7 Test results of dispersion uniformity %
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Tab.9 Test factors and codes
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Fig. 17  Statistical method of test indexes
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Tab.10 Experimental design and results

S KIS

s IR MFPR A SOy

BLELFEAL  # T 70
BEEE KIEAK S
HIEX, B X, =

X, Y, /% Y,/ %
1 0 0 0 93.21 87.98
2 1 0 1 95.75 88. 64
3 -1 1 0 88. 49 89.97
4 0 -1 1 97.26 85. 87
5 -1 1 90.72 90. 15
6 0 0 0 94.93 89. 01
7 1 1 0 89. 43 86. 30
8 -1 -1 0 91.83 86. 93
9 1 -1 0 97. 66 84. 10
10 1 0 -1 92. 07 83. 82
11 0 0 94. 40 88. 42
12 0 1 1 90. 28 90. 48
13 -1 0 -1 89. 37 89. 76
14 0 -1 -1 94. 48 86. 60
15 0 0 0 93.54 88.59
16 0 -1 87.93 87.73
17 0 0 0 93.98 87.75
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Tab.11 Regression model analysis of variance
w?ﬁ:r 7‘5% . ER:il - . »
EL ZO 3 B
iR 139.05 9 15.45  44.02  <0.0001 **
X, 26.28 1 26.28 74.88  <0.0001*
X, 78.75 1 78.75 224.37 <0.0001**
X, 12.90 1 12.90  36.76  0.0005 **
X, X, 598 1 5.98  17.03  0.0044*
X, X, 1.36 1 1.36  3.87 0.090 0
X,X;  0.0462 1 0.0462 0.1317  0.7274
Y, X3 7.50 1 7.50  21.37  0.0024**
X3 2.86 1 2.86  8.16  0.0245"
X3 2.06 1 2.06  5.87  0.0458"
R 2.46 7 0.3510
Jeqtl 0.5967 3 0.1989 0.4276  0.7444
% 1.86 4 0.4651
M 141.50 16
R* 0.9826
MR 59.75 9 6.64  19.27  0.0004 **
X, 24.33 1 24.33  70.62  <0.0001**
X, 15.07 1 15.07  43.75  0.0003*
X, 6.53 1 6.53  18.97  0.0033*
X, X, 0.1764 1 0.1764 0.5121  0.4974
X, X, 4.91 1 4.91  14.24  0.0069**
X,X;  3.03 1 3.03 8.79  0.0210"
Y, X2 1.28 1 1.28 3.71 0.0953
X3 3.99 1 3.99  11.59  0.0114°*
X;  0.3633 1 0.3633 1.05 0.3386
R 2.41 7 0.3444
S 1.42 3 0.4720  1.90 0.2713
R¥E 0.9950 4 0.2488
M 62.16 16
R*  0.9612

VE: s FRMEBE(P<0.01), « £/RE2E(0.01<P<0.05),
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Fig. 18 Influence of interaction between forward speed
of machine and rotation speed of cutter shaft on qualified

rate of crushing length of cotton stalk (X, =0)
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Fig. 19 Influence of interaction between forward

speed of machine and rotational speed of screw

conveyor on throwing uniformity (X, =0)
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