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1. Tooth roller for collecting 2. Primary impurity transport device 3. Secondary
impurity conveying device 4. Plastic film picking up conveyor chain row 5. Sup-
port frame 6. Film removing device
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Fig. 1 Structure of cleaning system
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1. Ground wheel shaft 2. Film removing roller 3. Primary impurity transport
shaft 4. Secondary impurity transport shaft 5.Pickup drum 6. Plastic film pick up
conveyor chain row 7. Intermediate transmission(multi-stage combined transmis-
sion such as tooth box, pulley and sprocket) 8. Middle drive shaft of sprocket
wheel
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Note: n is the speed of ground wheel, r- min’'; n, is the speed of the stripping de-
vice, r-min’'; n, is pickup drum speed, r-min‘'; n, is the rotation speed of the sec-
ondary impurity conveying device, r-min’'; n, is the rotation speed of the primary
impurity conveying device, r-min’'; n, is the spindle speed of the tractor, r-min'.
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Fig.2 Transmission system diagram of cleaning system

1.3 BRAGEDHRSE

HRRGAL RG T fh LG B3 i ss
[ A BRI R 1842 31, R 3 00 At 2 — 2 i i Al , —
P B IR A B AL By, 2 B) R U IR B A B . [
INAESE AL 25| BENLATEE , 7y St e 4h e 3 , Hufe il
T 2 e A By sl I I A )y T IS o b
LR R AR R A ) . W R G S RG] LA
T I AR B AR B R o ) A% ) B A T 4% 2 Xk T R
2 BASEIRAH
2.1 HEERE S

o i AT 3 VR 1) b 2% 22041 16 S 40 4[5 AL, AH AR
2[5 L TA] #E B 40 mm, HH G IR T L e IS 445 A a2 i



551934 P TERT S - B h AR RO 2% RS/ E L2 H itk 3

HRE A5 VR 18 T ) B A 50, T (g A0 Esh B B0 16 ML BB 73 1T 41 B 3a I
MBS Vi 20k 40795 85k 40 mm 158 1% 2y, 1425 4 i 18] H 1] 3a JUART 50 R T % i B A1 B 1 4

% N\ J7 1) Transport direction
AN ey o
" Rzmdual film encapsulates impuities

11 Ne

HLHHTEETT [A)

Direction of machine

a. BEAL IR o B

a. Chain speed analysis
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1. Impurity 2. Pick up roller locating pin 3. Support frame 4. Residual film
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Note: X0,Y is the coordinate system established based on the pick up drum center, the direction of X-axis is in the opposite direction of forward direction of the machine;
0, is the central point of film stripping roller; R, is radius of picup drum, m; R, is radius of film stripping roller, m; n, and n, represent the rotating speed of film stripping
roller and pick up roller, r-min™'. 4, B and C are the plastic film picking up and conveying chains; v, is the speed of chain segment A, its direction is perpendicular to 0,A,
m-s v, is the radial motion velocity of chain segment 4, its direction along the 0,4, m-s'; v,, is the actual velocity of chain segment A used for traction chain row move-
ment, its direction along the conveyor chain, m-s™'; v, is the radial motion velocity of chain segment C, its direction is perpendicular to 0,C, m-s™'; v , is the up-down ve-
locity of chain segment C, its direction along the 0,C, m-s™'; f is the angle between the linear velocity of chain segment A and the linear motion direction of the chain, (°);
y is the included angle between the linear velocity of chain segment C and the linear movement direction of chain, (°).
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Fig. 3 Velocity analysis of plastic film conveyor chain
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Table 1 Test factor level and coding table

- WU iy k3 b IS4 126 B FoAR TR A TR TR b e
43t Code value ~ Forward speed of machine Velocity of plastic film Installation position of pick up Speed of secondary impurity conveyer
x,/(m-s™) conveyor chain x,/(m-s™) drum x,/(mm) x,/(r-min’")
1.719 1.80 2.17 30 300
1 1.66 2.00 17 275
0 1.46 1.76 0 240
-1 1.26 1.51 -17 205
-1.719 1.12 1.34 -30 180
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Table 2 Test scheme and results

s b % IR R YR BRI 45 % JEEAR 53 2 g
RS FLA I B B Installation position of ik e Residual film  Residual film impuri- ﬁ%fﬁ.ﬁéﬂéi
Forward speed . . . . . L. . Impurity transport
Test No. of machine X Velocity of plastic film pickup drum Speed of secondary impurity picking rate ty separation rate efficiency Y,/%
! conveyor chain X, X conveyer X, Y,/% Y, /% 3

1 1 1 1 1 92.82 87.05 72.5
2 1 1 1 1 92.94 87.29 86.4
3 1 1 -1 1 89.56 90.59 76.3
4 1 1 -1 -1 89.42 90.93 89.9
5 1 -1 1 1 82.78 74.76 74.8
6 1 -1 1 -1 82.24 74.14 87.5
7 1 -1 -1 1 76.25 78.94 78.1
8 1 -1 -1 -1 76.82 78.42 91.8
9 -1 1 1 1 84.28 81.95 71.7
10 -1 1 1 -1 84.15 81.62 84.2
11 -1 1 -1 1 81.94 85.08 75.5
12 -1 1 -1 -1 82.37 85.17 88.1
13 -1 -1 1 1 94.75 86.91 73.5
14 -1 -1 1 -1 94.58 86.75 85.6
15 -1 -1 -1 1 90.64 92.58 77.9
16 -1 -1 -1 -1 90.12 92.92 90.7
17 1.719 0 0 0 81.92 78.72 81.6
18 -1.719 0 0 0 85.51 83.43 81.4
19 0 1.719 0 0 86.22 82.79 81.9
20 0 -1.719 0 0 80.71 78.61 82.1
21 0 0 1.719 0 92.37 84.68 82.3
22 0 0 -1.719 0 88.25 93.54 82.7
23 0 0 0 1.719 90.97 87.98 70.4
24 0 0 0 -1.719 91.25 87.26 93.4
25 0 0 0 0 91.48 88.09 81.8
26 0 0 0 0 90.43 87.84 81.5
27 0 0 0 0 91.57 87.15 80.2
28 0 0 0 0 90.58 88.96 81.2
29 0 0 0 0 91.31 88.35 80.7
30 0 0 0 0 90.62 88.74 80.6
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Fig. 4 Effect of factor interaction on picking rate of
residual film
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Table 3 Analysis of variance of test indicators

W febr  rERME CPM AdE ¥175
Test Variance Sum of Degree of  Mean F P
index source squares  freedom square
x, 31.26 1 3126 42.05 <0.000 1
%, 16.08 1 16.08  21.63 0.0003
X 67.66 1 67.66  91.02 <0.000 1
X)X, 441.00 1 441.00 593.24 <0.000 1
X500, 5.78 1 5.78 778 0.0138
x,? 89.45 1 89.45  120.33 <0.000 1
Y, X, 96.26 1 96.26  129.49 <0.000 1
i Model  750.94 14 53.64  72.16 <0.000 1
#% 7% Residual 1115 15 0.74
K Lack of fit  9.85 10 0.99 3.80 0.0769
iz Pureerror  1.30 5 0.26
MO Total — 762.09 29
R? 0.9854
cv 0.98%
x, 68.27 1 69.27  88.46 <0.0001
%, 45.13 1 4513 57.64 <0.0001
X 111.34 1 111.34 142,19 <0.0001
X)X, 351.00 1 351.00 44826 <0.0001
x,2 75.48 1 7548  96.40 <0.0001
X%, 84.98 1 84.98  108.53 <0.0001
v Xy 7.16 1 7.16 9.14  0.0086
: it Model ~ 748.15 14 53.44 6825 <0.0001
5% 2% Residual ~ 11.75 15 0.78
JA Lackoffit  9.61 10 0.96 225 0.1918
iR Pureerror  2.14 5 0.43
MOFI Total — 759.89 29
R? 0.9845
cv 1.04%
x, 4.98 1 498 431 0.0484
X 11.17 1 11.17 9.66  0.0046
X 49.07 1 49.07 4244 <0.0001
x, 939.03 1 939.03  812.21 <0.0001
B Model — 1004.25 4 251.06 217.16 <0.0001
Y, % 7 Residual ~ 28.90 25 1.16
S Lackof fit  27.08 20 1.35 372 0.0752
iRz Pureerror  1.82 5 0.36
Ml Total — 1033.15 29
R? 0.9720
cv 1.32%

T P<0.01 (B 125, %%);0.01<P<0.05C 2 % , %) ; CV I H5 48 5 R ¥
Note: P<0.01 (highly significant, **);0.01< P<0.05 (significant,*); CV means
coefficient of variation.
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Fig.5 Effect of forward speed of machine and velocity of
plastic film conveyor chain on separation rate of film impurity
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Optimization of working parameters of cleaning system for
master-slave residual plastic film recovery machine

Jiang Deli'?,Chen Xuegeng'**,Yan Limin'?*,Mo Yisong’,Yang Songmei*,Wang Zhaoyu'”
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003,China;
2. Key Laboratory of Northwest Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Shihezi 832003,China ;
3. Changzhou Han-Sun Machinery Co., Ltd., Changzhou, 213034,China ;
4. College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China)

Abstract: Plastic film has been widely used to mulch soil in croplands, but its recycling rate is less than 60%. Since natural degradation
of plastic film is slow, accumulative use of plastic films has resulted in soil structure degradation and environment deterioration. Recy-
cling the film residuals is hence mandatory. Manual picking is labor intensity and inefficient, and mechanical recycling is thus called.
Most machines available on market are unable to separate the film residuals from straw and large soil particles during pick-up process.
To alleviate this problem, we designed and tested an machine equipped with an improved cleaning system. We optimized the working
parameters of the system in attempts to improve the residual recovery efficiency. Analysis of the structure of the cleaning system, its
working principle and conditions, as well as the factors affecting the machine operation revealed that the most important parameters
were the advancing speed of the machine, the speed of the film-conveyer, position of the pick-up drum and the speed of the secondary
impurity-conveyer. We investigated the recovery rate of the film residuals, rate of separating the film residuals from the straw, and trans-
port efficiency of the impurity, using the regression orthogonal combination tests with four five-level factors. The response surface of
the testing results was analyzed using the design-expert software, and the relationship between each impacting factor and the testing in-
dex was also analyzed. The results showed that the main and secondary factors affecting the picking-up rate were position of the picking
drum and the advancing speed of the machine, and that the factor affecting the separation rate mostly was the speed of film transporta-
tion followed by rotating speed of the impurity conveyer. The transport efficiency was affected mostly by the rotational speed of the im-
purity conveyer, followed by location of the pick-up drum, speed of the film-conveyer and advancing speed of the machine. The regres-
sion model was optimized with multiple objectives, and the optimal working parameters for the cleaning system are: Advancing speed
of the machine and equipment: 1.26 m/s, speed of the film transporter: 1.55 m/s, position of the pick-up drum: -17 mm (taking the cen-
ter of the hole in the supporter and the center of the picking-drum in the vertical direction as the origin, adjusting 17 mm to the forward
direction of the machine), speed of the secondary impurity conveyer: 205 r/min. Calculated using these optimal parameters, the pick-up
rate of the film residuals was 90.19%, the separation rate of the film residuals from the impurities was 92.21%, the impurity transport ef-
ficiency was 89.6%. We verified these against field experiments, and the results showed that the picking-up rate was 91.54%, the separa-
tion rate was 90.37%, and impurity transport efficiency was 88.4%. This paper offers references to improving quality of the cleaning sys-
tem in plastic-film pick-up machine.
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