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Abstract

Plastic film mulching technology, as a crucial agronomic practice, has led to significant challenges in
residual film contamination with the continuous increase of plastic film usage. While mechanized residual
film recovery has become the predominant approach for addressing this "white pollution", existing systems
exhibit film leakage phenomena during narrow-row operations due to interactions between root stubble and
soil. This study addresses the residual film leakage during the operation of film recovery machinery. Based
on analysis of leakage mechanisms, a cylindrical oblique-angle residual film pickup device was designed by
modifying pickup teeth arrangement and operational coverage density. The mechanism achieves high-
frequency retrieval of residual film leakage under root stubble-soil interactions in narrow-row spacing,
thereby improving residual film recovery rate. The main research work and conclusions are as follows:

(1)The pre homework environment was measured, and the average distribution of cotton stem mass was
124.6 g/m?, and the average distribution of impurity soil was 546.9 g/m?; The average area distribution force
of the adhesive force of the film was measured to be 0.69 N/m?, and the minimum pore size of the film was
30 mm % 30 mm, with the maximum being 50 mm % 40 mm; Mechanical tensile tests were conducted on the
residual film samples at 200 mm/min and 500 mm/min, with a maximum value of 3.52 N at different speeds.

(2)Through the analysis of the causes of film missing in the film picking stage under the action of cotton
straw and soil, the design scheme and working principle of oblique film picking (spiral arrangement) are
proposed to improve the collecting frequency of film missing teeth; Through theoretical analysis, the pitch
of film picking teeth is 160 mm, the number of circumferential film picking teeth is 8, and the lead of double
helix arrangement on the roller is 320 mm, which is manifested as oblique picking; Through motion analysis,
the working parameter range of the device is determined, the forward speed of the machine is 5~9 km/h, the
rotating speed of the picking roller is 50~70 r/min, and the depth of the device into the soil is 30~50 mm;
Through the motion process analysis of the release device, the number of release film is determined to be 6.

(3)A discrete element model of residual film cotton straw soil was constructed, and the EDEM Adams
co-simulation method was used to analyze the influence of working parameters on residual film picking; The
Design-Expert response surface method was used to design the simulation experiment, and the travel speed,
roller speed and soil depth were selected as independent variables to build the prediction model of the
recovery rate of residual film (borderless film). Through numerical simulation optimization, the optimal
parameter combination was determined as follows: implement forward velocity of 6.2 km/h, pickup device
angular velocity of 6.81 rad/s (65 r/min), and tool penetration depth of 41 mm. Under these conditions, the

residual film recovery rate (excluding edge films) achieved a maximum value of 98.96%. Under the structure



parameters and working parameters, the inclined picking device can pick up the missing film for 3 times.
(4) Prototype production and field experiments were conducted, with residual film recovery rate and
surface residual film recovery rate selected as experimental indicators. The optimal machine forward speed,
picking drum speed, and depth of picking teeth into the soil were selected for field verification experiments.
The experimental value of surface residual film recovery rate (edgeless film) in the field experiment was
98.16%, with an error of less than 5% compared to the simulation theoretical value. The residual film
recovery rate of each group in the experiment reached over 90%, meeting the design requirements.
Key words: Agricultural machinery; Recovery of residual film; Surface residual film; Pick up obliquely;

Simulation test
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Fig. 1-2 Coiling-type post-harvest plastic mulch recovery apparatus
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Fig. 1-3 Spring-tooth plastic mulch residue recovery machine
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Fig. 1-4 Pickup mechanism of subsequent plastic mulch collector
(3) R M R B
AR HTEEAR BRG] 1 2 AR AR L, Wl 1-5 FroR. i
LGSR 88 17 g e P 1] 45 Al o LA B R 4 P ) AR LA o RN UL S 3 R T P
— SR SE R BRI, A SR N[ E D) A B R 58 ORI, igde &= b
P, FBE A I e R B B A R 22 A B E . MR IR R Bl o



B8 %it BAFRFMEFMIL

TR R 1 RME S IR A I ORI Bl A7 RBRAR 1 3 ZE AR B IRy S S5 5 R [ 4031,

VARG 2.5 24
K 1-5 A4 U B L R R LA
Fig. 1-5 Retractable pole type residual film recycling machine picking mechanism
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Fig. 1-6 Dual-drum structural schematic diagram
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