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1.Frame 2.Adjustment for cutting height 3.Walking chassis 4.Engine
5.Chain 6.Gearbox 7.Header frame 8.Side cutter 9.Horizontal conveyor
chain 10.Horizontal cutter 11. Divider 12.Ground
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Fig.1 Structural diagram of vertical rape windrower
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Note: O is coordinate origin; x. y. z are axis; O is the landing point of rape plant;
6 is the initial dip angle of rape plant, (°); & is stubble height, mm; w is the
angular velocity of rape plant, rad-s”; f is laying angle, (°); Sy is the initial
position of rape plant; S| is the position of rape plant in contact with ground; S, is
the final laying position of rape plant.

B2 hREREEEILEX R TEH
Fig.2 Schematic diagram of position relationship between rape
plant and windrower
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Note: v is the velocity of rape plant, m-s™; y is the angle between speed and main
trunk line of rape plant, (°); a is the angle between speed of rape plant and y axis,
(°); F is implicative force, N; F» is resistance, N.
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Fig.3 Analysis of rotation process of rape plant
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Fig.5 Variation curve of laying angle with time
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Table 1 Coding table of factors level
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Coding Forward sPleed X/ Spee](iﬁrzliio X Stubble height
values (m's™) Xz/m

-1 0.6 1.0 0.2

0 0.8 1.2 0.35

1 1.0 1.4 0.5
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Fig.6  Effect of rape plant height on laying angle
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Fig.7 Effect of rape plant mass density on laying angle
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Fig.8 Effects of friction coefficient between rape plants
on laying angle
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Table 2 Design and results of multifactor experiment
[i[pEiRES5 L HIHE

ing angle

fiLa

lfs?N%o . Forward  Speed ratio Stubble height Layiflpi)?nge /°)
speed x; X2 X3
1 0 1 1 126.3
2 0 0 0 129.1
3 0 0 0 129.1
4 0 1 -1 129.4
5 0 0 0 129.1
6 0 -1 1 136.2
7 0 0 0 129.1
8 -1 -1 0 130.4
9 1 -1 0 134.8
10 -1 0 -1 128.2
11 1 0 1 127.1
12 0 0 0 129.1
13 1 0 -1 131.8
14 0 -1 -1 134.6
15 1 1 0 125.2
16 -1 1 0 1233
17 -1 0 1 124.4
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Table 3 Variance analysis of regression equations

PR PR HBE g pygy
Variance sources Sum of Degree F value P value
squares  of freedom
17 Model 198.08 9 23.275 0.000 2
X1 19.85 1 21 0.002 5
X2 125.45 1 132.67 <0.000 1
X3 12.73 1 13.45 0.008
X1X2 1.55 1 1.64 0.241
X1X3 0.22 1 0.24 0.642 1
XoX3 53 1 5.6 0.049 8
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Formation mechanism of laying angle of vertical rape windrower based on
ANSYS-ADAMS

Li Haitong, Wu Chongyou™, Mu Senlin, Guan Zhuohuai, Jiang Tao
(Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: In order to improve the operation quality of vertical rape windrower, the effects of rape plant characteristics and
windrower parameters on laying angle were studied in this study. The structure and working principle of the vertical rape
mower were described. The laying process of rape plant was divided into falling process and rotation process according to the
working principle of the rape windrower. The movement state of rape plant during the laying process was analyzed based on
the dynamic theory, and the mathematical model of laying angle was established and the influencing factors were analyzed.
Analysis results showed that the laying angle influenced by material parameters of rape plant and working parameters of
windrower. ANSYS and ProE software were used to establish the flexible body of rape plant and windrower model,
respectively. Then the rigid flexible coupling model of windrower and rape plant was established in ADAMS software, and the
single factor and multifactor simulation experiments of laying process were carried out. The results of single factor
experiments showed that with the increasing of the plant height in the range of 1.2-1.6 m, laying angle decreased and reached
the minimum value at the plant height of 1.4m, and then increased. The laying angle increased and then decreased when the
plant mass density was in the range of 438-588 kg/m’, and reached the maximum value at the plant mass density of 538 kg/m”.
When the friction coefficient between plants increased in the range of 0.1-0.5, the laying angle decreased. The results of
multifactor experiments showed that forward speed, speed ratio and the interaction between forward speed and stubble height
had a significant influence on laying angle (P < 0.01).The significant order of factors was speed ratio, forward speed and
stubble height. The quadratic regression equation model was established according to the results of multifactor experiments,
and the response surface methodology was utilized to analyze the influence of interaction on the laying angle. Optimization
equations and constraints were established, and optimal parameters of windrower were determined that forward speed was
0.6 m/s, the speed ratio was 1.37, and stubble height was 0.42 m. The field experiments were carried out and the results
indicated that the relative errors between predicted and measured values of laying angle were less than 6%. Compared with the
control tests, the laying angle of rape plant decreased from 134.9° to 115.8° , the angle difference decreased from 11.2° to
9.6° , the root difference decreased from 0.22 m to 0.14 m, and the loss rate decreased from 2.2% to 1.5%, the working
performance of rape windrower improved. The research results can provide the basis for determining the suitable conditions of
rape cutting and optimizing the operation parameters of the windrower.

Keywords: agricultural machinery; harvesting; rape; laying angle; rigid-flexible coupling model; response surface;
optimization
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