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Parameter optimization of compression moulding of
farmland residue film

TIAN Li'**, JI Chao®*®, CHEN Xuegeng'®", WU Jie'?*
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China;
2. Mechanical Equipment Research Institute Xinjiang Academy of Agricultural and Reclamation Science, Shihezi 832000, China;

3. Key Laboratory of Northwest Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Shihezi 832000, China)

Abstract In the process of mechanized recycling of residue film, most of the residue film was temporarily left in the field
in the form of strips (heap) after recycling. Due to the problems of loose texture and high cost of storage and
transportation,it is difficult to reclaim and utilize the residue film. The optimization of the relevant molding process
parameters were carried out to solve the problem of residue film’ s recycling in this study. The relaxation ratio and
specific energy consumption were took as the test indexes, and the compression force, holding time, soil content and
water content were adopted as the influencing factors in this study. An orthogonal experiment of multi-factors were
carried out to analyze the influence of each factor on the compression moulding of residue film,and the regression model
of multi-factor influence on the relaxation ratio and specific energy consumption of residue film compaction were
established and analyzed. The results showed that the compressive force was the biggest effect factor of relaxation
ratio, followed by soil content, holding time and water content. The compressive force was the biggest effect factor of
specific energy consumption, followed by holding time. The influence of soil content and water content on specific energy
consumption was not significant. The optimal technological parameters of residue film’s compression moulding were as
following : the compression force was 13.3 MPa, the holding time was 25 s, the soil content was 53.9% and the moisture

content was 16.7% . Under those optimum conditions, the relaxation ratio of residue films compaction was 1. 321, and
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specific energy consumption was 26.92 J/g. The results provided references for the design and operation parameters

optimization of the following plastic film recycling and molding machines.

Keywords residue film; compression molding; relaxation ratio; specific energy consumption; optimization
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Fig. 1 Photo of compression moulding

test bed for residue film
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Fig. 2 Principle diagram of control system for test bed
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F1 EXHRBWEERKFERD
Table 1 Experimental factors’ and levels codes of orthogonal

K- x1 JE4i Jj/MPa xp ARERTE /s xs B/ N s TR E/ Vo
Level Compression force Holding time Soil content Water content
—A 10.0 10 35.0 9.0
—1 11.5 20 41.0 13.5

0 13.0 30 47.0 18.0

1 14.5 40 53.0 22.5

A 16.0 50 59.0 27.0

F2 KREEEMBEABEHTEER

Table 2 Experimental design and results ofresidue {ilm compression moulding

[ Z K Factor level

JW I FE 45 Technical indicator

i
Test Yo Y. . lLRERE/(J/9)
number “ * o I‘ Relaxation ratio  Specific energy consumption
1 —1 —1 —1 —1 1.424 24.24
2 —1 —1 —1 1 1. 448 24.62
3 —1 —1 1 —1 1.419 23.55
4 —1 —1 1 1 1.428 23.91
S —1 1 —1 —1 1.414 26. 88
6 —1 1 —1 1 1.427 27.55
7 —1 1 1 —1 1. 388 25.26
8 —1 1 1 1 1.410 27.20
9 1 —1 —1 —1 1. 342 30. 95
10 1 —1 —1 1 1. 342 33.38
11 1 —1 1 —1 1. 284 30. 95
12 1 —1 1 1 1. 304 31.85
13 1 1 —1 —1 1. 295 40. 54
14 1 1 —1 1 1. 321 39. 05
15 1 1 1 —1 1. 265 37.90
16 1 1 1 1 1. 274 38.46
17 2 0 0 0 1.222 43. 34
18 —2 0 0 0 1. 468 16. 67
19 0 2 0 0 1.352 29.98
20 0 —2 0 0 1. 371 25.92
21 0 0 2 0 1. 322 26. 25
22 0 0 —2 0 1. 390 27.92
23 0 0 0 2 1.372 27.54
24 0 0 0 —2 1. 367 28.08
25 0 0 0 0 1. 361 26. 44
26 0 0 0 0 1.327 27.54
27 0 0 0 0 1.322 27. 88
28 0 0 0 0 1. 347 26.05
29 0 0 0 0 1.334 26.06
30 0 0 0 0 1. 351 28. 26

Wrxvxo vas vy KO XF R Y SE PR L3 1.

Notes: The corresponding actual values of x1,x2 .23 and x4 are shown in Table 1.
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Y, =1.34—0.06x; —0.009x, — 0. 015x; +
0.006x, — 0. 0062, x5 + 0. 00625 +

0. 00425 + 0. 008} (5)

Y, =26.71+5.62x, +1.91x, + 1. 04x, 2, +
1.212% +0. 6925 4+ 0. 6627 (6)
K.Y, S aR B R e b A LY, L RERE. T/ g5
) NG J1, MPas o, Ry R B B s5 25 &+
R Yosa NEKE %,

x3 MMLLAMILBEEFTES W

Table 3 Variance analysis of relaxed ratios and specific energy consumption
ey Y, . #a5h k Relaxation ratio Y. . L iEFE Specific energy consumption
Parameter F P F P
A Model 52.68 <20.000 1 17. 44 <20.000 1
X 649. 43 <C0.000 1 199. 90 <C0.000 1
Xy 15. 85 0.001 2 23.13 0.000 2
x5 42. 31 <C0. 000 1 1. 89 0.189 5
X 6.55 0.021 8 0. 10 0.7551
X1 0.32 0.579 8 4.55 0.049 9
X123 4. 19 0.058 7 0.15 0.702 7
XXy 1.9X10°° 0.965 9 0.11 0.744 0
X2 Xy 0. 05 0. 830 6 6.5X107° 0.936 6
XXy 0.02 0.897 8 9.3X107° 0.924 6
X324 0.09 0.764 8 0.19 0.667 7
af 0.56 0.464 6 10.52 0.005 5
x5 6.92 0.018 9 3.46 0.082 5
x5 4.02 0.063 4 1. 64 0.220 3
ak 12.55 0.003 0 3.12 0.097 6
Z 1 Lack of fit 0. 37 0.915 9 8.41 0.014 9
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Fig. 3 Effect of two factors on relaxition ratio
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Fig. 4 Effect of two factors on specific energy consumption

SR IS W v/ o D RLAE T A TR AR T L SR AR
JORE S A ARy L A UKL 5 R IR A AR
15 o AHELRG 25 07 3G 5 L T 0] T4 R R 4 R

H &1 4 A] T B R 4 o R b, LL BB RE BE R 45 )
IR AR iR LEI B NAT(TR: N 12 2 v S A S 1 1 DA e A R
B8 OROGF B R RE 1 I 1% 5% e B A 2
2.3 RREARSHAGRUEXBRIE

FIHH Design-Expert 10 F x5 15 = 28041
BT . TEJE46 1 10. 0~14. 5 MPa., {i JE i 8]
10~40 s, 5+ % 35.0%~59. 0% . &% AKE 9. 0% ~
27 00T . B L 1. 25~ 1. 42, LU AE#E
9 16.0~35.0 J/ g, ff o 52 A X3, e 46 1 Ol 2 8K
HAEMRMERIWE 5, ARG R N KE N
13. 3 MPa, {4 JE i8] 25 s, 5% B FORE & % 53. 9%,
TR 16, T V00T, 45 58 B B bt L Ok 1. 321, L
HEFE N 26.92 ]/g,

40

PRI/
Holding time

13.3 MPa
25 s MPa

11.5 12.1 12.7 13.3 13.9 14.5
JE 45 71/MPa
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AL LS 5 R4 J7 (1) 13, 3 MPa, fRJE ] (22) 25 s, & £
53.9% . G /KE 16, 700, T AHA T LE 1. 321, LLAEAE 26.92 ]/g.

Optimization results: Under the compression force (x1) of
13. 3 MPa, holding time (x2) of 25 s, soil content of 53. 9%,
moisture content of 16. 7% , the relaxation ratio and specific energy
consumption are 1. 321 and 26. 92 J/g,respectively.

ES5 EHELSHASRUER
Fig. 5 Optimal result of compression

parameter combination
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Table 4 Results of regression equation validation
Y, Al Y., lLREFE/ (J/2)
g Relaxation ratio FIXFiRE/ Y% Specific energy consumption MR/ Y%
nj;z:er SRR Se R E Relative error 51 I (i Sz R Relative error
Predicted value  Actual value Predicted value  Actual value

1 1. 334 1. 349 .12 25.90 24.98 3.55

2 1.334 1. 385 .82 25.90 25.44 1.78

3 1. 334 1. 318 . 20 25.90 27.14 4.79

4 1.334 1. 368 55 25.90 23.53 1.43

5 1.334 1. 344 0.75 25.90 24. 85 4.05

S {E 1.334 1. 353 .89 25.90 25.19 3.12

Average value

A5 R FH 180 05 1F 38 328 56 3% 3 7 2%, AL A
F1%) B3 65 1 457 B3 380 15 2R AT T 4 R 6 K L O 5
T4 J7 R B TR] S A B 7K 0 Ak AR 2R B
Fis st L 0 L REFE A B R

1) TH 5% 5 4 i 8 22 TR 3% 0F 28 1A 00 45 SR 3R
B, B T R Y M i R R AR S B R
13. 3 MPa, f# JE B[] 25 s, & + % 53. 9%, & K %
16. 7% i 50 T AR WAL R He b it o 1. 321, HL R
FEN 26. 92 ]/ g3 5% i 55 B55 B R BRAS 3l b 1 32 TR 3
HEFF R« R 45 1> 8 5 > R TR IR > 5 7K 55 B
B3 I P 44 3 P EL BB RE Y B R IR R HE R Ol R 46 T >
PR H B T] s 2 2 38R0 55 K 2% L REAE 52 M AN W 3

2) FEST T R MR Y A st U RN EL BERE 2 A bR
G35 4R 1 R R ] L A R KR Z ] [l
ALY, 50 F 3 50 25 S 2 B, A0S st b T {5 S )
RN 22 0 1. 89 %, Lt AE AL 15 I A8 5 552 T (.
SRR 2R 3.12%
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