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Analysis of factors influencing the slip rate between
tracked combine harvester and paddy soil
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Abstract: In order to explore the factors influencing the slip rate between tracked combine harvester
and paddy soil, a coupled simulation model of tracked combine harvester and paddy soil is
established by the RecurDyn software. Selecting the mass, driving speed, steering angular speed of
the tracked combine harvester and the moisture content, positive slope, and oblique slope of the
paddy soil as test factors, simulations under different conditions are implemented. Through a six-
factor two-level PB (Plackett-Burman) test was conducted to screen out the slip rate significant
factors that is soil moisture content, positive slope, and steering angle velocity. Then, a three-factor
three-level BB (Box-Behnken) test was conducted on the three selected factors. The results show
that soil moisture content, positive slope, and steering angle velocity have a very significant impact on
slip rate, and the order of significance is steering angle velocity >soil moisture content>positive
slope. As the positive slope and steering angle velocity increase, the slip rate increases significantly,
while as the soil moisture content increases, the slip rate slowly decreases. The soil moisture content
has a certain interaction with the positive slope and steering angular velocity. However, there is

basically no interaction between positive slope and steering angular velocity. This study has
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important reference value and scientific significance for improving the path tracking accuracy and

stability of tracked combine harvester for autonomous harvesting operation in paddy soil.
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Fig.1 Physical model of crawler combine harvester
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Tab.1 Main parameters of tracked combine

harvester
FESH ol
HME R (KX 55X ) /fmm 3 838x1 709x1 886
JEAT AR B /i 1978
J& s /mm 360
/Nt kg 13 425.50
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Tab.2 Paddy soil parameters with different

moisture contents'’

FKH AT FRAIP AL WE
R/% K, (kN-m ™) K, (kN-m ™) C/kPa
22 172353 16.42 68.90
28 372.01 3.15 27.56
32 119.53 1.52 13.78
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Fig.2 Single factor significant analysis results
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Tab.4 ANOVA results

KW ForF o AmME ¥ FE P EARE
B 5964 6 994 531 0.043 b=

A 1573 1 1573 841 0.033 i

D 1483 1 1483 793 0.037 b

F 2727 1 2727 1457 0.012 b
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Tab.6 BB experimental results

5 HHEEIKR IEERE/(C) i M/ (rad - s™) HRSR%

1 32 3 0.00 4.76
2 28 0 1.05 30.11
3 28 6 1.05 39.98
4 32 0 0.53 20.50
5 22 0 0.63 21.97
6 28 3 0.53 22.76

32 6 0.53 20.01
8 28 3 0.53 22.76
9 28 0 0.00 5.97
10 22 6 0.53 34.90
11 28 3 0.53 22.76
12 22 3 0.00 21.14
13 28 3 0.53 22.76
14 28 3 0.63 22.76
15 32 3 1.05 22.76
16 22 3 1.05 37.83
17 28 6 0.00 15.35
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Fig.3 Response surface map of slip rate interacted

with soil water content and positive slope
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Fig.4 Response surface map of slip rate interacted
with soil water content and steering

angular velocity
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Fig.5 Response surface map of slip rate interacted with

steering angular velocity and positive slope
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