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Design and Test of Residual Film Telescopic Tooth Roller Pick-up
Device Based on Discrete Element Method

HU Guoyu' ZHAO Yihan' LI Kun® ZHANG Mingxing' WANG Haining' ZHANG Weijie'
(1. College of Intelligent Manufacturing Modern Industry, Xinjiang University, Urumgi 830049, China
2. College of Mechanical and Electrical Engineering, Xinjiang Institute of Technology, Aksu 843100, China)

Abstract; Aiming to address the current issues of low surface film collection efficiency and difficult film
removal in residual film recovery machines, an improvement to the collection mechanism of an existing
residual film pick-up and baling machine was proposed. A cam-controlled telescopic-tooth drum
collection device was designed. The overall structure and operating principle of the telescopic-tooth roller
pick-up device were elucidated. Through force analysis of the residual film collection process, the
bending angle, rotational speed, and arrangement of the telescopic teeth were determined. The profile
curve equation of the cam disc was analyzed, and the actual cam profile curve was obtained via the
inversion method. A multi-phase discrete element model of film-soil-straw interaction was established.
Using roller rotational speed, forward speed, and working depth as experimental factors, and residual
film surface collection rate as the evaluation metric, a quadratic regression orthogonal rotational
combination test was conducted. The influence patterns of each factor on the residual film surface
collection rate were analyzed, determining the optimal parameter combination for the collection device:
roller rotational speed of 57 r/min, forward speed of 7 km/h, and working depth of 47 mm, achieving a
residual film surface collection rate of 90. 8% . Field validation tests yielded a surface collection rate of
87.78% , with a relative error of 3.33% . The improved equipment demonstrated a 16. 02 percentage
points increase in surface collection rate, meeting operational standards. These research findings can
provide theoretical foundations for residual film recovery machine design and hold practical value for
addressing ‘ white pollution’ in agricultural fields.
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Fig. 1 Structural schematic and working principle diagram

of telescopic toothed drum picking device
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Tab.2 Material intrinsic parameters for residual film,

cotton straw and soil

4k 28 HfH P 3
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By YIfE i/ Pa 7.94 x 10"
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Tab.3 Contact parameters between materials

WAL ERE

TR

H Fu owm omm %
45 SH-+ 0.54 0.31 0.13 [18]
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45 B 4H-5h s 0.74 0.58 0.22 i 5
B -1 0.52 0.4 0.12 [19]
Bk IR R 0. 86 0. 66 0.55 [25]
Bk Rk 0. 86 0.52 0.43 [20]
H A AT - L b 0.19 0.54 0.29 [25]
R A AR A5 AT 0.5 0.41 0. 06 [17]
Eab: SRS 0.21 0.68 0.27 [18]
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Tab.4 Experimental factors and codes

EES
%t TR i, / B 3 i, / Ml Vv, /
(remin~") (km-h~") m
-1 50 6.0 30
0 60 7.5 50
1 70 9.0 70
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Simulation of residual film pick-up by telescopic teeth drum device
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Tab.5 Box — Behnken experimental design matrix

and results for pick-up rate

w7 X, :? X, Yy/ %
1 -1 -1 0 85.1
2 1 -1 0 78.6
3 -1 1 0 78.5
4 1 1 0 74.8
5 -1 0 -1 84.7
6 1 0 -1 81.3
7 -1 0 1 83.6
8 1 0 1 75.3
9 0 -1 -1 83.3
10 0 -1 77.6
11 0 -1 1 78.3
12 0 1 1 75.4
13 0 0 0 90.2
14 0 0 0 89.7
15 0 0 0 91.1
16 0 0 0 87.6
17 0 0 0 91.3

H
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Tab.6 ANOVA for Box — Behnken test ( pick-up rate)

SRR CFIrM AmBEE By F P

i 780 527. 46 9 58.61  43.30  <0.0001*
X, 59.95 1 59.95  44.29  0.0003**
X, 45.12 1 4512 33.34  0.0007 **
X, 25.56 1 25.56  18.88  0.0034*
X, X, 1.96 1 1.96 1.45 0.268 0
X, X, 6.00 1 6.00 4.43 0.0732
X, X, 1.96 1 1.96 1.45 0.268 0
X2 70. 00 1 70.00  51.72  0.0002 **
X3 186. 34 1 186.34 137.66 <0.0001**
b 92.12 1 92.12  68.05 <0.0001*
5k 2% 9.48 7 1.35

1) 0.6875 3 0.2292 0.1043  0.9533
s 8.79 4 2.20

S 536. 94 16
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after parameter optimization
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Fig. 12 Field experiment
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