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Design and experimental study of film lifting device of roll
type surface residual film recovery machine

LIU Xiaopeng', SHI Zenglu™?*", YAO Jieting', ZHANG Xuejun'?, YAN Jinshan'?,

ZHANG Chaoshu?®, LIU Lei®
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgi 830052, China;
2. Xinjiang Key Laboratory of Intelligent Agricultural Equipment, Urumgi 830052, China;
3. Aksu Tiandi Machinery Manufacturing Co. , Ltd. , Aksu 843000, China)

Abstract Aiming at the problem that the residual film on the tillage layer of cotton fields in Xinjiang is mixed
and bonded with the soil and root stubble, resulting in a low recovery rate of the residual film on the tillage
layer, a rotary tillage film-throwing soil mixture is proposed in this study. The elastic teeth of the new device
rotate in the forward direction to pick up the film and rotates in the opposite direction to recover film residue
from the plow layer after unloading. Parameter calculation of the key operating components of the film lifting
device was performed. and a lifting and throwing performance test of the film lifting device was conducted

to analyze the lifting and throwing performance of the film lifting device for residual film at different soil
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depths. The forward speed of the machine tool and rotation speed of the cutter shaft were taken as test
factors. The film forming rate and breakage of the residual film were used as evaluation indicators. A
2-factor and 3-level orthogonal test was conducted. Design-Expert 13. 0 software was used to analyze the
test results to obtain the optimal working parameter combination of the film forming device, and a field
verification test was conducted. The results show that: Based on the sliding cutting principle, the
sharpening angle of the front cutting edge of film forming knife is 25°, the bending angle is 73°, the bending
radius is 30 mm, and the end sliding cutting angle of the side cutting edge is 58°. The lifting height of the
residual film in different soil depths is different, and it can be reliably thrown to the film picking height. The
film lifting rate for the residual film in the soil layer 0-150 mm depth is 92. 3%. When the forward speed of the
machine is 4.5 km/h, the cutter shaft speed is 213. 75 r/min, the residual film forming rate is 90.21%, and
the residual film fragmentation is 6. 03 mg per block. The error from the theoretical optimal value does not
exceed 1 percentage point and 1 mg per block, respectively. The film forming device has an obvious film
forming effect on the residual film in the soil layer with the depth of 0-150 mm and the degree of
fragmentation is within this range can be used for mechanized picking operations, which meets the
operation requirements.

Keywords residual film of tillage layer; film raising device; residual film recovery machine; performance test
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1. Film collection box; 2. Chain; 3. Film picking rolle; 4. Roller; 5. Film lifting device; 6. Power input shaft; 7. Suspension frame; 8. Chain [V ;

9. Reversing device; 10. Gearbox; 11. Chain [l ;12. Guard;13. Chain II ;14. Forward and reverse mechanism; 15. Film unwinding roller.
E1 BEAHBERERKNNEHREE

Fig. 1 Structure diagram of rotary pickup roller type residual film recovery machine
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AB is ide cutting edge. BC is Straight cutting edge. b represents

the working width of the tangent edge of the film lifting knife. 3 is the

bending angle. r is the bending radius.

L AEGIHUR 2. AR ;3. ) 4. IR ) H3 ERISEMTEE
1. Traction frame; 2. Gearbox; 3. Film lifting knife shaft; 4. Film Fig. 3 Structure diagram of film cutter
lifting knife.
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v, 1s the forward speed of the unit. w is the rotation angular speed
of the film-forming knife. R is the rotation radius of the film-forming
knife. wz is the film-forming knife rotation angle. /4 is the film-forming

depth. S, is the soil cutting pitch. Same as the picture below.
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Fig. 4 Motion trajectory of film cutter
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S is the soil cutting width. S, is the amount of overlap. S,is the
soil cutting pitch. Same as the picture below.
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Fig. 5 Schematic diagram of soil cutting width, soil cutting

pitch and overlap amount with film cutter
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M, and M, are the intersection points of the film removing knife
trajectory and the ground surface. M, is the intersection point where

the film removing knife is tangent to the working plowing depth plane.
6 BEINVLEESN
Fig. 6 Analysis of the cutting width of the mulching blade
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A, B, C, D, E points are the positions where the endpoints of
the film lifting knife are located. ¢, is the angle between the film
forming knife and the initial position when it rotates to point B. v,, v,

v., V4, U, are the absolute velocities at the corresponding points. Ad' is

o
the angle between the circumferential velocity and the absolute velocity
at point B. AJ,,,, 1s the maximum angle between the absolute velocity

of the film lifting knife tip and the circumferential velocity. &, is the
cutting angle at each point. 7 is the grinding angle of the tangent edge
of the film lifting knife. A¢ is the clearance angle. @ is the angle
between the grinding surface and the rotating radius R of the film lifting
knife. Oy, Oy,
[ is the width of the film lifting knife blade.
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Fig. 7 Process of cutting soil with the tangent edge

, O, are the positions where the knife axis is located.

of the film cutter
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F, , is the tangential force at the blade edge. F, is the normal
reaction force at the blade edge. f'is the frictional force in the tangential
direction of the blade edge. F, | is the resultant force between F, and
F, ;. Nis the normal to the blade edge curve.
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Fig. 8 Stress analysis of the side cutting edge of the film

forming knife
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Fig. 9 Expanded view of film-raising knife arrangement
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Fig. 11 Residual film morphology at different soil depths (H) before the test
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Table 1 Results of the film removal device’s film throwing performance test

#L M 2R /% Throwing rate

AR BRI /mm BRI B/ 0
. . ) 12 52 )2 %3 .
Mulching depth Residual film color ) Total mulching rate
First layer Second layer Third layer
0~50 A% Black 2.0 37.9 2.7 42.6
50~100 ZLf4 Red 1.6 3.6 13.6 18.8
100~150 M %, White 22.6 5.4 2.9 30.9

3.4 RBAR

VLML E AT 3 3B X0 3l e X, R s e IR &R
PR R Y R B Y, M R 8 bR, AT 2 IR
3T A E AR RE IS . AR T Bk LA
i E 3 X, K 2.5~6.5 km/h, iR A 3 2.2. 143
Br &5 5, 38 Y R B ) i, BT B X, o

197.92~229. 58 r/min, X} i TCC H Jfy U 3K + f# 4=
{4 2 1 % H Al 4 0 o8 500,540,580 r/min. i 56
FHKFEWZE 2,

iz H Design-Expert13. O 2 {4 x5 12 5 45 R i 47
U TN SR = B ST Y L L S
89.33% , WEF FE (A 5. 12 mg/He.

R2 ERXBEURREEZRKF

Table 2 Factors and levels of performance testing for the film removal device

Sy [X % Factor
]ij:j; Xy, LA #E 3 / (km/h) X,, 71 8 / Cr/min)
Implement forward speed Blade shaft speed
! 2.5 197.92
0 4.5 213.75
1 6.5 229. 58
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Table 3 The performance test results of the film removal device

A2 P F 7K ¥ Factor level EIERY,/% BEHERE Y,/ (mg/HO

Number e Z Mulching rate Ragmentation degree
1 —1 —1 87.62 4.34
2 —1 0 93. 86 3.52
3 —1 1 94.43 2.25
4 0 —1 84.82 7.14
5 0 0 91. 26 5.11
6 0 1 93.21 3.28
7 1 —1 80.67 9.89
8 1 0 87.35 6.50
9 1 1 89.73 3.95

VE sy g 53 0 A LA T e s K £

Note: .2, are the machine tool forward speed and cutter shaft rotational speed horizontal values respectively.

Xof i 56 45 2R k4T Z2 o0 [ A 40 i, 45 LR it
)l P A S R A KRR R A [l IRy
DA 2% D208 156 415 s 19 S 5 PR AR, AR R R A
i ZE A A R LR 4o FRIBGE IR Y, B [l U5 7R 4%
25 WU AR X ) il B X X R R Y Y
S WA A N 5 B A A R Y, B [ R B 2 BIL R

I HE B X T Bl e X X B Y, Y B
HILEL T 2 TRE X, 0 il X X R R R Y R
BE YL [ J5 7R

Y, =89.33 + 3.408 9X, — 3.13X,

Y,=511—1.6722X, + 1.944 4X,
AL L i 22 T B2 R 0 A 3 o S A R 5 i A

R4 EEREEERBEFRAESN

Table 4 Analysis of variance for the test indicators of the film removal device

Ei=gan B F-J7 Al Fl ¥ 77 F1H P
Indicator Source Sum of squares  Degree of freedom Mean square F value P value
1A Model 166.02 4 41.50 54.85 0.000 2
X 56. 31 2 28.15 74.18 0.000 7
R Y,
} X, 109.71 2 54.85 144.52 0.000 2
Mulching rate
5% % Residual 1.52 4 0.379 6
S Total 167.53 8
15 A Model 41.04 4 10. 26 10. 65 0.020 8
B Y, X 17. 46 2 8.73 9.07 0.032 7
Ragmentation X, 23.58 2 11.79 12.24 0.019 7
degree 5% % Residual 3.85 4 0.963 1
BRI Total 44.90 8

T P<<0. 01 F10. 01<CP<C0. 05 43 5l 3 7% M i 25 1 W 25

Note: P<<0. 01 and 0. 01<ZP<0. 05 indicate extremely significant and significant respectively.
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