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Parameters optimization and experiment for film receiving
institutions of rake teeth type residual film recovery machine

ZHOU Xinxing'?, WU Nu?, YAN Wei'?, YOU Zhaoyan', SHI Lili', HU Zhichao'"
(1. Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China;

2. College of Mechanical and Engineering, Nantong University, Nantong 226019, China)

Abstract In order to improve the work quality of the film receiving mechanism of rake teeth type residual film recovery
machine, increase film receiving mechanism in the film picking rate and reduce the leakage rate of film, Box-Benhnken
central composite test method was adopted to test parameters of the film receiving mechanism of residual film recovery
machine by taking tooth curvature radius, buried rake angle, tooth pitch as influencing factors. And response surface
experiment was conducted on three factors and three levels by using the picking up rate of film and leakage rate of film
for index test as experimental index. The mathematical model of response surface was established. and the influence
factors on the quality of work was analyzed, and optimized. The results showed that the order of significant level of
effectors was tooth curvature radius, buried rake angle and tooth pitch; And the order of significant level of effectors on
membrane leakage rate was buried teeth angle, tooth pitch,and the curvature radius of the tooth; The optimal parameter
combination for the curvature radius is tooth 195 mm, harrow penetration angle 60°, tooth spacing 110 mm,
corresponding film collecting rate and membrane leakage rate reached 94. 7% and 0. 75%, respectively.
The performance and theory optimization values of relative error was less than 5% . The study provides basis for the
film receiving mechanism of tooth type residual film recycling machine improvement and operating parameters

optimization.
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Fig. 1 Tooth type residual film recycling

machine structure diagram
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Table 1

Factors and levels of response surface test

K % Factors

I 46 7K 7
Level  MBHFER X, /mm o EAEMAE X,/ EERE X, /mm
Tooth curvature radius Tooth penetration angle Tooth spacing
—1 155 33 60
0 195 56 100
1 235 79 140
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Table 2 Experiment design and response values

K2 7K Level

i )37 {8 Response value

gy REERRR BRAL L B Y, /% W Y./ %
No. X /mm RE X/ X, /mm Film picking Film leakage
Tooth curvature Tooth penetration

adius angle Tooth spacing up rate rate
1 0 0 0 94.5 1.2
2 —1 0 1 83.2 4.5
3 —1 0 —1 79.3 7.8
4 0 1 1 86.2 3.2
5 0 0 0 93.8 1.3
6 1 —1 0 77.2 9.3
7 1 1 0 80. 2 7.1
8 0 0 0 94.7 0.9
9 0 —1 1 85.1 6.8
10 1 0 —1 76.3 9.5
11 0 —1 —1 81.2 9.4
12 —1 —1 0 79.6 7.6
13 0 1 —1 82.1 7.3
14 0 0 0 94.9 0.8
15 0 0 0 94.3 1.3
16 1 0 1 80. 6 7.0
17 —1 1 0 81.4 4.3
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Table 3 Variance analysis of regression equation
Y, #51E% /% Film picking up the rate Y, %/ % Film leakage rate
TrRKIR -5 Al BEKFEP FHA BEHEKT P
. H F1{H o H F {4 o
Source Sum of Significant Sum of Significant
Freedom F value Freedom F value
squares level squares level
. Model 725.15 9 256.72  <C0.000 1 168. 46 9 388.23 <C0.000 1
X, 10. 58 1 33.71 0.000 7 9. 46 1 196. 23 <C0.000 1
X, 5.78 1 18.42 0.003 6 15. 68 1 325.21 <Z0.000 1
X; 32.81 1 104. 52 <C0.000 1 19.53 1 405. 09 <C0.000 1
X, X, 0. 36 1 1.15 0.319 7 0. 30 1 6.27 0.040 7
X, X; 0. 040 1 0.13 0.7316 0.16 1 3.32 0.111 3
X2 X; 1.00X1072 1 0.03 0.863 4 0. 56 1 11.67 0.011 2
Xi 365. 74 1 1165.3 <C0.000 1 44. 47 1 922.42 <Z0.000 1
X3 128. 30 1 408. 77 <C0.000 1 31.27 1 648. 48 <C0.000 1
X 116. 94 1 372.59 <C0.000 1 34.20 1 709. 33 <C0.000 1
7% Residual 2.20 7 0. 34 7
24 Lack of fit 1. 49 3 0.12 3
2.78 0.174 2 0.71 0.593 7
"2 Pure error 0.71 4 0.22 4
B Total 727.35 16 168. 80 16

Y, =—194.24 4+ 2. 24X, +1.21X, +0. 71X, —
5.83 X 107 X7 —0.01X35 —3.29 X 10° X5 (5)
Y, = 115.30—0.78X, —0.66X, —0.37X; +
2.99 X 10 "X, X, —4.08 X 10 "X, X, +
2.03X10° X} +5.15 X 10° X% —

1.78 X 107* X3 (6)
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Table 4 Importance of the effects of factors on response functions
% [ & Bk # Factors contribution rate
PEREFE AT BTk 2
e AR i A X AL X, G R X Sort contribution

Performance index
Tooth curvature

Tooth penetration

Tooth spacing rate
radius angle
R Y, /% Film picking up rate 2.03 2.01 1.99 X, >X,>X,
WY, /% Film leakage rate 2.76 2.87 2. 80 X, >X, >X,
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X, Tooth curvature radius; X;.Tooth penetration angle; X3, Tooth spacing. The same bellow.
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Fig. 2 Effects of interactive factors on film picking up rate
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Fig. 3 Effects of interactive factors on film leakage rate
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Table 5 Experimental values of response at optimal condition %
AN AR AR s 5%

Test number

Film picking up rate

Film leakage rate

1 94. 2 0.79
2 92.8 0.74
3 93.9 0.82
SEY{E Average 93.6 0.78
FIXFiR 22 Relative error 1.16 4. 44

I

1)k il Box-Benhnken .0y 2H A i 56 77 72 X #
B LA A 0 A0 T B 98 B

% 5 1) 5 Wi S HE AT 1 0 A O S ST A AR A L il i
T 38 X A TR MG A 45 SR A A R S . B ALAL
AL TAESBALS A #3195 mm U
AL AP 60° AWK FHE 110 mm, Z G4k & 14 T 4
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