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Parameter optimization and experimentation of the stripping
device in a toothed residual film recycling machine

TANG Kaibo' *, WANG Min', HE Yuze', YING Yukun',
CAO Silin',LU Yongtaol , TANG Zhikun'*, HUO Shangl’ 2

(1. Institute of Mechanical Equipment, Xinjiang Academy of Agricultural Reclamation Sciences, Shihezi, Xinjiang 832000, China;
2. School of Mechanical and Electrical Engineering, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: To address the issues of film leakage, film wrapping, and poor film removal performance during the
film removal process of the toothed residual film recycling machine, parameter optimization was conducted on its
film removal device. Using the Box-Behnken experimental design method, a three factor three-level experiment was
constructed with friction coefficient, peeling roller speed, and elastic tooth gap length as experimental factors. The
experimental indicators were set as peeling rate and wrapping rate, and the interaction response surface model of
each factor was obtained. The significance order of delamination rate was; delamination roller speed>elastic tooth
gap length>friction coefficient. The significance order of film wrapping rate was: peeling roller speed>friction coeffi-
cient>elastic tooth gap length. Objective functions were established based on the detachment rate and wrapping
rate, and MATLAB was used to optimize the results to determine the optimal parameter combination. Field experi-
ments were conducted with a machine forward speed of 7 km + h™', a friction coefficient of 0.7, a detachment roller
speed of 210 r - min™', and an elastic tooth gap length of 75 mm. The average detachment rate of the detachment
device was found to be 90.35%, and the average wrapping rate was 0.89%. The relative error between this result

and the optimized prediction value was less than 5%. With this parameter combination, the stripping device of the
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toothed residual film recycling machine can effectively address issues such as film leakage, film wrapping, and poor

stripping performance during the stripping process, providing a valuable basis and reference for optimizing the

structure and operating parameters of the stripping device.

Keywords: residual film recycling machine ; delamination device; parameter optimization; orthogonal experiment

i EA 2 R R AE 20 22 80 AEAREI AT
JEFEAR R BUE I iR B B R AR K
PRI A 2= T R 38 T LUA SR s R (R e
T (A TR A AR A M R o AR R
2022 A4 E IR 55 1 AU 1 747.09 J7 hm?, Horp
BT 6 b X 1 b S 7 25 T FEUM 374.63 T7 hm? |, b iR
FHERE] 26.10 J7 t, 378 DX A HH ) B SRR 3] T
100% , Wbl il i S A m e E w00, R
7T b R P el P A i o5 A A 4 7™ et 1 ) B Al el R i
BRI A AE LA rh | S PR AS  EhiAe K
%TWE ) T R A R AR ST PR AR

Yer )RS0 A TR G T g e R b
ﬁﬂﬁﬂ KX T o it L JE A IF 01 3R R I T
FABUBE AR [ T 5] i B dE £ 7 [l i b B2 =
A 3 % M (] WSO X s R A T RS, E R BR
JE IS L S 2R A R e 0 R = o AR R
PR S R T — P R R A RSB, (A7 A
PR ) D6 AR B A6 ) 5 S 28 1O B T — T
BB DSCAIL , 56 6% 28 5 R FH 6 Wl =6 il 2 ot e A
b 5 B 45 I AR IR M v A2 A BE 488 R DA T 5%
N 36 PR ARE S 5 i A R T — R 1k 2 e ]
WAL, B85 e 1) BT SC% (ELIE Bl = A 250 B B AL
*@,%?ﬁ%ﬁiﬁﬁﬁ@mﬁ{ﬂko 5o k7 X B R T Wi L

S T B (ELIE A7 U R s SR 22 ) ) AT, S
T, AT DA s 1 X 5 [l WAL A e A A 5
X4 LI FEE 25 R 2 JI8E 25 Sy 3 56 48 s, T 5% i) B
SO HTL B8 B A5 SR ) G S S R A T IR T, A 35K
WS E SR B, B by 2 g 5 A7 B S T A AL
UGt B AR B (LA

1 ZEAB 2 RN A S B

ik B B I ST AT 1% I B 24 0 0 5 It RS 4 |
SR s g DA SN R AR, HE A i Sl R AR AR
PR AE (BT 1) o B 2 B e B AR K B L o
1 900 mm , B ike & TAEAE D 4 140 mm, B AR
R M [l ASCATL 3 7 il 11%) 3 A7 UL A o 5L 1A 4 ] B
BT, D, 950 mm, D, 340 mm, &1 Ktk
JIGG S 2 P AR 2 ) e 4 B 4k [) A M Al 45
Vi) P2 2 2 sy il 3 o 8 BB A Ml Ao A b g I
UL, WA 7ty 7 A0 1) 3 1A 4 A ) T 6 R i

R LAY 8 - AT 1] A 5 ko AR I i R i A7 14
A RE e A S0 AL E U 30 e 50 5 UM K
SR AR B IR T, B e I 2 ) e AR i
HRAR ) B Ak T 56 T P FR P | TS TR PR Y TR

TEFR R AL AT Al Y e R v, SRR 8
S 2 R A i 38 Ao Bt B e i Bl % sk e
e , UM 22 e A i sl b B R % sl — R e 8l
LBl ) B AR B A R S A Rl 3 R FL
VNS : LU S bR VIINIE - & SOOI EE o
Z IR EE S AR TR B 5 6 — iz 3, e 9k
Gk BRI I A | BRI 25 Hp A 2% ST NS AT 2 2
HT A SR T, S 2Rl ar s,
Tz 3l 2 i el P A AL, SR B T 1] AR RO i
JESE AT BT SRk A O R T SR A 5 1]
J KSR 5 5 i 2 o 5 A e sl 7 At
FE AR B T EATHERE | AT A K 19 5 I 22 Ul
Aok B A 4 R AT IO, S 8 A SO I T A
i BB A 55 AT S TR D BRI | K A T i e e Al
PR ZE IS A L5 I B AR R A7 2 32 i, 36 i % 5l ol 7
BRI 2E e A s Rl Syt AT IR i 3 I JE Al
ST A i ) DRl ) 59 AT 5 P S AR B B T A 422 fih
FEAR TR T A B M Ak A ) A T LR
TR TERS 7™ Az 1) 23 <3l o B N 3 145 1 )1 O
AR,

NIRIRINININIRIRNNN U INIRIRININ
E\» TN RINANIRININININI NI

12 3 4 5

LB EESE s 2. 52 3 5 3. IBLIBEAR 4. In a7y ; 5. Jd MR 4R

1. Active sprocket; 2. Rotating shaft; 3. Film release plate;

4. Reinforcing rib; 5. Bearing seat.
B1 BREREESEHE

Fig.1  Structure diagram of the membrane removal device
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Fig.2  Schematic diagram of delamination mechanism parameters
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Table 1 Test factors and levels of the stripping device of the

toothed residual film recycling machine

K12 Factor
¥ JEE A R K I3 P A iR S
K- o .
Friction Release roller Elastic tooth
Level o
coefficient speed gap length
X, X,/ (r+ min") X;/mm
1 0.4 94 70
0 0.7 188 75
-1 1.0 282 80

F2 BWEXRBEOKNREEEERXIEER
Table 2 Orthogonal test results of the stripping device of

the toothed residual film recycling machine

KK (R TE i
TR=a Factor level Experimental indicator
Code X, X, X, Y, Y,

/(r+-min™') /mm /% /%
1 1 1 0 85.4 1.22
2 1 -1 0 84.3 1.87
3 1 0 1 87.6 2.08
4 -1 0 -1 84.7 2.11
5 -1 -1 0 81.2 1.64
6 0 -1 -1 82.8 1.62
7 0 0 0 90.6 0.74
8 -1 0 1 86.4 2.27
9 0 1 1 87.1 1.52
10 0 0 0 89.7 0.96
11 0 1 -1 84.7 1.04
12 1 0 -1 86.1 1.96
13 0 0 0 89.1 0.94
14 0 0 0 89.3 0.89
15 -1 1 0 86.3 1.81
16 0 -1 1 82.8 1.41
17 0 0 0 91.3 0.94
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Table 3  Significance test of the regression equation for the
delamination and wrapping rate of the stripping device in

the toothed residual film recycling machine
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Table 4  Validation of optimization values

and experimental values
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ey \/_,\ i A
1 89.39 0.89
1st experiment
5 Yot
2 il 91.17 0.82
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