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Design and Experiment on Collecting and Removing Device
for Profile Modeling Residual Plastic Film Collector
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(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China
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Abstract . It is well known that mulch technology can effectively improve crop yield, but residual mulch
will also damage soil structure and cause agricultural pollution. At present, China has developed a variety
of residual film recycling machine to solve this problem. Aiming at the problem of impurities congestion in
the process of picking up plastic film with the following film recycling machine, a new film picking up
mechanism was designed based on the existing types of film recycling machine. The main structural
parameters of the height of the working rod of wheel to remove impurities and the spacing of wheel to
remove impurities were determined by analyzing the separation process of membrane soil in the
mechanism ,and through the analysis of the process of picking up the mulch film, the travel speed of the
machine and the rotation speed of wheel to remove impurities were determined. The rotating speed of the
wheel to remove impurities, the moving speed of the machine and the spacing of the wheel to remove
impurities were determined as the main factors of the test. The ratio of membrane to soil separation and
the ratio of impurities removal were taken as the response values. Design-Expert 8. 0.5 was used for
regression analysis and response surface analysis, and the influence of various factors on the membrane
soil separation ratio and the impurity removal ratio was determined by using this method. The results
showed that the degree of influence on the separation ratio of mulched soil and the ratio of impurities
discharged both were the rotating speed of the wheel to remove impurities, the moving speed of the
machine and the spacing of the wheel to remove impurities. Moreover, a ternary quadratic regression
model was established, which contained these factors. The nonlinear optimization method was used to
optimize the parameters of the mechanism, the results showed that when the rotating speed of the wheel to
remove impurities was 26. 2 r/min, the moving speed of the machine was 1. 23 m/s and the spacing of the
wheel to remove impurities was 139.95 mm that the maximum theoretical value of membrane soil
separation ratio was 91. 49% , and the maximum theoretical value of impurity removal ratio was 92.92% .
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Fig.1 Structure schematic of follow-up residual film
recycling operation machine
LRBCEE 2 RAER 3 BRBCER 4 BBER S bk
W 6 TR 7.
2R DL A BT VR A R L 5 R S O
5%, 52 B S PR AT 2 [ SO F b, K4 ik i AR P,
WL 1) A, BT 4 78 A i e S rp HE LA
VIR
1.2 EBEREHNMGENHRE THERE
ARG A HLAG 2 K S T AR R A 2 BT,
Kl 2a B b 4 T A R AR R S R B ik 5
AR T P LR R TR 4 AR R o SRR
BLARAHIE , SR B MR . TARR R
T R AR R 8l e S A i 9

Q’ \ RN A
o,

‘:‘r;f‘c‘n5‘:5‘:,7‘:,7‘:'7*:5‘:7‘47':,A ,

)
N

I}
7 6 5 4 32 1

(b) T
K2 SRR IR YL S 5 TAR R
Fig.2 Mechanism and working principle diagram of
collecting and removing device
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Fig.3 Structural diagram of wheel to remove impurities
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Fig.4 Schematic of pick-up device structure
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Fig.5 Analysis of the process of removing the residual mulch
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Fig. 6 Overall force analysis chart of plastic film
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plastic film
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Fig. 10 Schematic of plastic film picking process
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VE P ) H 7R 904 % S H b AL 42 5| AR, il 46 1 AR
AEFPAE AL R AT 660 mm + 100 mm , iy ff b i85 R H 2
FE4 0. 01 mm Fy i 4 14 1l A5, 2 B8 0 96 >4 2 050 mm,
i e B4 i) B R 249 180 d, FTFFHLAE L 5 S i I
AR AR S AR SCH IR GB/T
25412—2010 HE 7 %t bl 2 =X 5% R [l g AL Ak FE 465 4 ¢
BT H R, B AL 3 O 56 R A X AR
Sy e DA, R IR 1 A TR AT R 0 D 4k X ek
1 20 m, A2 3K X 35k [F] B 10 m
3.2 KBRAXRSTEMIER

AR A AL T ] A S B T AR 0, 38 3 X B 2l =X
B3 REE 1 WS WL 2 P46 45 AL ) 194 45 g S T AR AL 3L 43
) 2 5 A 2% BIL ARG T4 1 B A 32 22 R 36 o0 e i % (]
PR R A ol S S AL A 5 | WL AR AT 4 R 5 PR
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LR A, FIE A 1 HEI 3 ), 0
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FE7R
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Tab.2 Coding of test factor

%
S iy B 4 e 3 HUBLAT i 3 B 46 B] FE
A/(rmin ") B/(m-s™") C/mm
-1 16 0.9 100
0 26 1.2 140
1 36 1.5 180

M AL B B 5 46 05 AILAL B4 T ) A ol 20K 5 2%
R 0, HEAS AR o, 1 A 0 (L, o Ak A
Bl A i pLAE 51 L RAT I E B ROk 5 48 (8] B
C AT IRER AT 5T . 50 FH BE AL B 20 m K il 5
DX o a3 30 1] Pl A TR 36 DX PN A [ A ) 3 3 47
[0S 2 , I 0 [T WA #9538 A 35 0 L Bt 5 AR
Pl i B~ 03 DX ke B B I 4 T O mey  IL R
FIT BP0 35 X A S5 D A R R
B A I 1 8 3 2% T ) TS B DA ey, LR AR e T 5 0
T DR AT 2 T i A m
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Tab.3 Experimental design and results

RME HLRAT ﬁﬁﬁ% B e
ity B A/ WE B/ [ C/ /% 2/ %
(remin™'") (m-s7") mm

1 36 1.2 180 87.82 93.94
2 26 1.2 140 91.31 96. 40
3 16 1.2 180 88. 02 94.55
4 36 1.2 100 88. 81 94.18
5 16 0.9 140 86.27 94.11
6 26 1.2 140 90. 89 96.70
7 36 0.9 140 89.91 94.55
8 26 0.9 100 88. 84 96. 25
9 26 0.9 180 90. 20 96. 02
10 16 1.5 140 88.25 94.59
11 26 1.5 180 90. 82 95.73
12 26 1.5 100 91.08 96.24
13 16 1.2 100 85. 14 94.94
14 26 1.2 140 91.34 96.33
15 26 1.2 140 91.92 96. 42
16 26 1.2 140 91.67 96. 57
17 36 1.5 140 89. 04 92.97

4.1 REFITESRZHERLE
Ji Fl Design-Expert 8. 0. 5 H{F%) 3 o & dls i 47
Z UM ARG Ky 22 50 B, A5 R an sk 4 R, Of
FENT R A ) FHESR S, 0 R B A e ol AL B AT E
R R R ) BE Y vk 22 1 e o [l AR R %
AL m, BB S B v L #E P <0.05 KF AL
B.CABAC A CHAEEE, KARNDE, %8
B P <0.000 1, 580 DIE A5 32, A DAy o 107 pR 51 o]
AR A HLA g B 0 S 3 R U P = 0. 401 3, 4
NTE AN TN EL Ry S SRR S TS i
H
1, =91.43 +0.994 +0.5B +0.37C - 0. 71AB -
0.97AC -2.924> - 1. 06C” (16)
XTHEZR % m, W9 B 43 A TR0, FE P < 0.05 K
F1-AB.CAB A B AR EH, HAREE,
ZALRL P <0.000 1,36 W] LLHE 2% 2% n, 7 A i 1 e
HA [E] D R R e 2 LI P =0.392 3, R ALK
3 T AR Ry R B R B R LG P el E O AR
H

x4 RBERSH

Tab.4 Analysis of experiment results

WA br 5 KRE F R ¥y o5 F P
F R 60. 01 6. 67 39.3 <0.000 1
A 7. 80 7. 80 45.98  0.0003
B 1.97 1.97 11.61 0.0113
[% 1. 12 1.12 6.59 0.0372
AB 2.03 2.03 11.97  0.0106
AC 3.74 3.74 22.07  0.0022
A BC 0. 66 0. 66 3.87 0.090 0
A, A2 35.97 35.97 212.02  <0.000 1
B? 0.077 0.077 0. 46 0.5213
c* 4.69 4. 69 27.65 0.001 2
W% 1.19 0.17
i) 0.58 0.19 1.26 0.4013
2 0.61 0.15
B 61.20
il 21,1114 2.3457 93.8580 <0.0001
0.8128 0.8128 32.5227 0.0007
0.245 0.245  9.8031 0.0166
0.2346  0.2346  9.3875 0.0182
AB 1.0609 1.0609 42.4493 0.0003
AC 0.0056 0.0056 0.2251 0.6496
BC 0.0196 0.0196 0.7842  0.4052
HE i, A2 17.578 4 17.5784 703.3571 <0.000 I
B? 0.6265 0.6265 25.0695 0.0016
c? 0.0062 0.0062 0.2465 0.6348
%% 0.1749  0.0250
4l 0.0860 0.0287 1.2899  0.3923
W@ 0.0889 0.0222

S Al 21.2864
m, =7.03 +0.644 +0.35B +0.34C +1. 034B +
4.084° +0.77B° (17)
4.2 RBHAEMVHEEZNZIE
FIH Box — Behnken Design i# 47 i 56 %5 35 47 A7
FHAE B 3D e iz i T BT 38 A AT 4 IR RO /N
E 2% R R X HLRR AR m, B9S2 W, 15 4% DR X AL
FLAR R v, 1 52 Wi B PR AR K Oy e B A o A AL
HATHEHEFE B GRIEF R €, H bk 48 7 0 AL
ELR IR m, 152 00 e B ok BE B UK IR A% IR 3R
Xof AL L A R 3 o, ) 5 il A 3 o B — > 1 [
FAb TRV BT A 2 A HZ 1Y 28 5 AU,
FamX (16) W LLFE W, BC F1 B 1y P KT
0.05, XfHLEEBERANHAG B EEZ N, A B.C AB
) PAE/N T 0.05, Xf ke i 58 i Pk, & 11
Shy 4% 38 35 P R ) S RO ML L A 3 g g ol T
B & 11a A DL M, 22 R 40 i RS 2 AN AR I
i A A RS 4 [ B A 1, B L R R o, e R
S U/ B e, Yk S R FE S 130 ~ 150 mm B,
BLEE MR 7, 38 B fe KA 5 24 7 M558 1) I 18] o AN A2
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Response surface of influence of various factors on separation rate of membrane-raised soil

4
P12 2% PR 3% 52 TE A P 0 R 2 25 g iy o) 7 i T
Fig. 12 Response surface of influence of each

factor on ratio of impurities removed
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Fig. 13 Field test results
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