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Structural design and testing of double belt residual film binding
device and film carrying box
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(Institute of Mechanical Equipment, Xinjiang Academy of Agricultural and Reclamation Science, Shihezi 832000, China)

Abstract: A dual belt residual film bundling device has been designed to address the problems of complex
structure, low service life of bundling belts, adjustable tightness of film bundling, uncertain unloading
position, and poor compatibility with existing residual film recycling machines in the existing residual film

bundling process. This article introduces the composition and working process of the residual film bundling
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structure, with a focus on optimizing the design of the bundling device, tensioning device, and film
carrying box. By conducting a dynamic analysis of the bundling process, the structural and operational
parameters of each functional component were determined. To verify the operational performance and
efficiency of the dual belt residual film bundling device, three factor three—level quadratic regression
experiments were conducted with bundling chamber angle, bundling belt friction coefficient, and bundling
belt linear speed as experimental factors, and residual film bundling rate, residual film bundling density,
and bundling efficiency as response values. A regression model was established to analyze the effects of
each factor on residual film bundling rate, residual film bundling density, and bundling efficiency, and
parameter optimization and experimental verification were carried out. The experimental results show that
the factors affecting the bundling rate of residual film are in descending order: bundling chamber angle™>
bundling belt linear velocity”>bundling belt friction coefficient; The factors that affect the density of
residual film bundling are in the following order: bundling belt line speed>bundling chamber angle™>
bundling belt frictioncoefficient; The factors that affect packaging efficiency are in the following order: the
friction coefficient of the strapping belt™the angle of the strapping chamber™>the linear velocity of the
strapping belt. Theoretical optimal design parameters: bundling chamber angle is 33°, packing belt friction
coefficient is 0.83, and packing belt linear velocity is 1.03 m/s. The research results provide reference for
the design and high—quality operation of residual film bundling devices.
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Fig.1 Schematic diagram of whole machine
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Fig.2 Schematic diagram of whole machine
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Fig.3 Schematic diagram of double—belt tying device
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Fig.4 Double—belt baling structure
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Fig. 6 Actual force on residual film during formation

stage of bundled core

o oE AT R B B W 3 EE 45 R, e, B AT
AR Bz B S EE R N K. T AN ST IR B2 4 R
IR R A LN (PVC) I H 3 WS 72 BE A A , e,
T M2 Mo

W 7 R, B AT S AR 2 ] B AT
M EL Az By, P A L TR] EE 4 ) S W s EE 4 T,
Si= N fo=psNso

G
N, =— “ 2 -
sina + p” sina
o G (1)
‘Gceosa
sz( B .# PR
1+u sina + ¢ sina

A M BT EEE P AEA M, N/ mm;a N
LA ST R Z RIS, C) s BT



% 8 k2

B, E R BRZEXRBAITRERE S KBRS MR 5 K% - 2265 -

B 7 3RS REREEZ S0
Fig.7 Analysis of residual film bundle stress during

formation stage of bundle core
B R R
FTAR AR b, b TR R i i i) o %R
el 7 55 M5 1 55 B S 4, T i — 1> R % T S Y Bk
A o H 3 M
M= fir,+ for (2)
Py g MR P B AT B A BE B, mm
7o A b SR O B R TR B B BE S, mm .
A =0 (1) (2) AT RAHE H -
pGr+ GcosozrzJr pGry
1+4°
FTHR b 2 b SRR A — A B 2 — Ay )
ﬁi,ﬁ@JLTUEI&%E’JEEE%?FH@JTTT&%E‘JEE
—FE r=r=r, WM H:
pGr+ 1’ Geosar nGr
1+
H 20 (4) AT A, JBE 45 DR B . BT R 2 50K
VKA o AT AR X AT I R Bk . B
Bl 7 5 B 3G KA R T AR S B . 2 (4) X p
SR A5, AT LAFE BB TR R e /N 2 S BT IR
TSN o ATHR T RE /)N 3 R AR AR B AR %
%o AH g I, W 2 36 BCAE FT 8 00 300 3k 5 2 55 0
FTHRAT , S BOak BEE LA B 5% B 4T 48 20 )
JE 2 o FTHR J3 55 M BE A AR AR 60 1 e 1
hn, A AR 22 3R 7 2 2K B R 25 7 A mR AR
BSLEEARRE , Z TR L 1T 1At
SCYEHR, S BR BEA L R R S B AN ) [ R 7
7o S R S AT — @ ny iRt HE T
VE T S HLAE SO T 14, £ fif 2% B4R % S & —

M, = (3)

sina + p sina

M,= (4)

sina + 4 sina

o 7 Bl 2 SO R R G TR G o o B A,
AR — B A s 2 A8 S — b 22 18 8 AL Y
#ofar , HRORIE T T 1Y i
i 2 (4) X @ SR A 53 BT S a9 RN i)
FTAR I FE A RN o BRIBEHR B B S AR B 5 AT
BE A XS T AV TH 9 £ B o Z T AF AR OCHE o ff B2
a B WU /N ISE AT R 2 O AT R S AR B
HER B H s SR, 45 o (B /)N, DU AT R 5 3505k
W GEAEFTAR G A5 ), o fH 3 K, B 4R K S
ARE I, AR G TR s, S BUBR 5 TR
FHASTAIEE O o % T HRE I i B B 7% 1 3 A 31 i )
(B R s A B RN 3. AT - S 7
*4[3%_?11:80 cm, AR &F & b 2 i 3] /N 0K
J5T A AE 3 1 52, R A PR R L,=2 em,
Jﬁﬁi?T%W%ZKSFZIETJ )% i a=30"
P MO 5 Wl S I LB o R A
g B 2B BEAT VR B S AR X ST IR A (0 s 1
N SR G4 3 T4 0 56 My
M,=fi'ro+ firo — M, — M, (5)
Aorp MR FRREHR 52 B 18 N/ m )R R Bl
BE A5 1 5 Mo M, TR Bl BE 5 0 i (0 M <<
M o) o TR B EEE T 10 BE 45 DRI o /N T 108 B BE 452
SR
M,..=0Fy=FR (6)
P 6 Lo ) H 5, PR O IR B BE 45 N B TR Bl R
BEHRBEAKEMNRERN, mm.
HE A ] 8 73 BT H SR 75 A1 F s BT ) 1 1Y
VIE
f2+ funcosa=ficosa+ f,,+ N,sina
G+ fusina+ N, cosa= N, + f'sina
TR R T TR 2 X AR Y ) R

K

-2
"R
]\]1/: 5
sina{/x(g) +1}
5 (8)
{,u(R)cosaJrsina}G
N, = ;
sina[(,u;i) Jrl}
KR ARK(5) 15



- 2266 - THXEFF

% 56 %

B8 KIERMEMMBEIRZES
Fig. 8 Actual force diagram during completion stage

of residual film bundling
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Fig. 9 Stress analysis during completion stage of

residual film bundling
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entering membrane box stage
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Fig. 11 Schematic diagram of fixed tensioning
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Fig. 12 Schematic diagram of floating tensioning

mechanism
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Fig. 13 Installation diagram of floating tensioning

device
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Fig. 14 Schematic diagram of relationship between
diameter of membrane package and height

of floating tensioning roller
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Table 3 Experimental data sheet of membrane package

diameter and tensioner height

A L,/mm L,/mm k
1 313.4 4.3 0.014
2 204.4 2.1 0.010
3 345.9 5.2 0.015
4 303.2 2.8 0.010
5 295.4 2.6 0.009
6 294.6 2.5 0.008

SEH{E 292.8 3.3 0.011

H Ly A Lo 38 S ) B AL AT 2 A7 R T 56
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Fig. 15 Fixed—point film unloading
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PR RSHIF : MK L,=3 000 mm , X W EED
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Fig. 16 Dimension diagram of floating support roller
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Fig. 17 Schematic diagram of membrane carrier box
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Fig. 18 Dimensional diagram of membrane carrier box
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Fig. 19 Guiding structure of membrane carrier box
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Fig. 20 Film magazine structure and side plate
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Fig. 21 Working condition of membrane package

storage box
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JE RS 3 mm B AR K R, A AR R KR 8 E RS
K F5 JE R 60 mm X 40 mm X 4 mm ¥ 25 0 7
R BE o MLAE A RS Q345, % B i 7 850
kg/m?, B PR A R 206 GPa, JH ¥A L 0. 28,
FH 43 AT o AR AT AN P AR AR A R A5 AR
4[] T, T 220 W% ML EL AR A 3 2 v 32 1) 7 7K P iR
SO, 45 G HLELAE ML S BRN B0 , BAE T 32 21 19 38
Jih 32 ZE AR R R AT A AR B D) Kk B
BUIE 77 A B3R 25 AL LA S e S M DR A 1
A HGF R S AL ™ A R O, AT R R
A 2 W AN

B = 4R S A ANSYS Workbench 2022R2
w0 43 T DG M R 6 T AR AL SR 2% 1 18] 22
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MR APIR . BB 2 B an 18 23 s o
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Fig.22 Load membrane box grid division
R4 BEHENEFMEMLE

Table 4 Natural frequencies and displacements

of membrane carriers

Br#c  BR/Hz o fif%/m | Br# BIR/Hz o fif%/m
1 130.49 0.334 6 256.87 0.209
2 161.51 0.148 7 280.09 0.186
3 225.67 0.233 8 305.39 0.215
4 236.60 0.322 9 369.92 0.173
5 253.45 0.413 10 428.62 0.304

1% 4 R 23 0 LA M« i 3R A B 00
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Fig. 23 Modal analysis and vibration mode diagram

of membrane box
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Table 5 Test conditions
E3 Kol /i vk
lB7ESL) Liiia
eI S /MPa 0.45
B 28 &V 7.98
Hi RS 56 B2 /mm 2 050
R/ mm 0.01
R A /d 185
AL TR ASE 20 CHL R AR PP A A 20) /em 66410
_ IC 0
Y= X 100% (2D L HEARBTEE %

e Y, Sk R SR R 005 1 R AR A R S K
IR AR AR
y = (22)
DWW
Y, AR AR (4 2 kg/m” s m o IR R i
kg; D AN B AL, m; W R B %, m.

K YO W ATHRACRE 3R /hy E TR0 T AR
NN
3.3 BERKR

AR Al A7 07 3 0 0 A B AT A Y B 4 AT
IF 45 G A0 C SCHR IR A A ) 5 50 0T, & T

S R 2R 1Y G AT 2 BB L SR 6 T .
3 ak AR R TR R A B TR A R 4 A
FORUFT 7 2 o B 3 3 A 3 TR 3R X Ak A AR
BRI B R AT ROCR B e, S
BB 24) 78300 ok 72 o o 51 4 |- il S
JAE P vy R 4T 90 ek A 4 K R A D TR R A T R
Ji F B 3 Ak IR Y R A TR AE 0T BCE TR B Al
B R 22 TE0) 1 JBE 458 DR 50, 3 ok )81 o A2 5 2 81 49 4T 4R
Fid S UL, DA ST R 5 M v 1% 33 MR R AR o5 | g
18 25 B2 AR AT AR AE Sy B e A b, BT
Wt AT 25 B0 22 52 R 3R AT B I R e
WEE, 2L AL XU AT 3 B R 28 e
Pk 4t

XF I 25 (a) 43 Bt mT AL B & AT 40 AR T 5
JEE AR 14 o, R %88 R 2 I o v U/ B B T R

*6 NHRITSHEE

Table 6 Preliminary design parameter ranges

P MM TN B FT 4R 4 £ o
T /(%) EE /(mes™h)
Y 30°~38° 0.69~0.96 0.4~1.8

24 WHEREKBITHEERRAREZHKRE

Fig. 24 Dual-belt film baler test rig and 3D model
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ek He, RIR A 20 B2 /Y 390, 3 = 1048 bR 24 3R
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DX TE] P, BSEH 38 JEHIA 65 2 N T 8 R0 R 2 4 T 55 v
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FARE a(X) (FTHN A BE 488 A 3R (X)) 3T 4R 2k
(X3) Rk e PR3, B R AR 48 (Y)) 5k JI5E 4R %85 2



- 2272 - FHRRFFROL F R)

% 56 %

05 98

-
L
=

—_
(=3
(=]
T
O
=)
—T T
!
—_
(=)

"5 05| . 4 -
& | Soat T~ 15 2
gE| T (g
Ess_—ﬁﬂj / y | 13§

LS

~ [}
wn (=}
T
o
(=3
T
Il
—_
(8

T

!
—
—_

88 30 32 34 36 38

T A AE/(°)
()3T IR f B AT 4 R
—v— RRER
—— I E
105 - —— TR E
roo4f 117
100F I .

sl 92r 110

< 90-—+§90 - 11sE

g B E 14§

& B Basp E
80f I 113 &

L 86F
75+ i 4112
Y 0.7 0.8 09 1.0
FTHE B R R PR A
(O)ITHR B EE R AR A R
—v— ESZTW$
—— %
—— FTHIE 220
105 94 /' 170
9nf /&
100f 90F 118 s

'75 95-_ 881 / \'\\ 117 —"‘-:

o f ssef AN 116 &

< 90k %84_ o // // \\ \\\\ \\ 115 g
85 &80 ~—

B sk 7 )\ B E
8O g6f / \\{12 *
75+ ;‘2‘ r //I \\'- 11
700 7oLt 110

04 06 08 10 12 14 16 18
FTHRBCR R (m s ™)
(O R HRET AR

E25 BEFRWLER
Fig. 25 Single factor experimental results
CY,) ATHHZAR (Y ) g i W o 1R ] = R
=K E 22 g, A e i i T 7% (Response sur-
face method, RSM) "3 #r Y, 4% I WG 0 % | Y, %
R 2 B Y, SR R A S I R R R i
56 A 2R 2 % T 3R 7 s 0 BEE 0 Ar ALE PY 2
5, W0 E ST A JEE o L 32°~36°, FT 4R EE %
PRl B0 [ g 0. 69~0. 96, 4T 4R 47 £ 3 2 4 [ Ry
0.8~1.4m/s, IEAIAETT R ANK 8 Pron , FEA i
B H A 5 U, S U 45 R 0P P (ELA S i 4G
S EE A Design Expert 13 #4743 4b B
[V e O V] W N SR e S W 1 1 R S

93. 6% ~100 %0, B B 86. 7~106. 3kg/m’,
FTHRRCR J 9O~164f -h ',
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Table 7 Encoding of experimental factors

L ATIRREEEE PTERAZ
KE O ATREAE/O) e )
—1 32 0.69 0.8
0 34 0.825 1.1
1 36 0.96 1.4

*8 REARSHER

Table 8 Experimental plan and results

X 4T Xo:3THR X740 BRI SRR FI4

Run i AFEEHE RpE/ I BE/ WoR/
i« (mes™) &% (kgem ) (J-h™")
1 36 0.825 0.8 93.93 87.67 9
2 32 0.825 0.8 97.64 94.34 12
3 34 0.96 0.8 98.21 92.45 14
4 34 0.69 1.4 99.32  104.27 12
5 34 0.825 1.1 99.64 101.59 13
6 32 0.96 1.1 94.64 104.32 15
7 34 0.825 1.1 99.75 101.87 14
8 34 0.96 14 96.91  105.98 16
9 34 0.825 1.1 100 102.86 13
10 36 0.825 1.4 97.32  103.96 14
11 34 0.825 1.1 100 102.32 13
12 36 0.69 1.1 93.63 99.32 10
13 32 0.825 1.4 95.18 106.32 13
14 36 0.96 1.1 94.86 98.32 15
15 34 0.69 0.8 97.31 90.48 8
16 32 0.69 1.1 96.44 101.45 11
17 34 0.825 1.1 100 102.32 13
3.5 WHKWERSH
9 20 i g R s il N R X, X,

X, 5 Y, Y, Y BT E ST R AL PAE /N
F0.000 1, ZAME I /N T 0. 01, F B ] ) 45
AU H W 2 R LI PAAE YK T 0. 05, BR R UR
3 U R T 400 i TR A Oy R S S BR A
6, IR B R Bl Y, 8% B SR 2R Y, R RO %
FE Y BRI X T A o X T AR A
JEE 5 DR B X AT R Y 4 B RE =2 )Y O &R, Il A AR
T TE PR R 12X 50 v BB 8 A7 R I 45 Pl 06 5 AR .

26 9 7 2% 7 T A 26 7T 1, X ST 8 £R
a X % RS JC AR S8 T R AT R 482 DR BSORT AT 4 A 4L B
325 Wil S0 S 2, ELAT R B A B = AT 8T R 4 ]
B TR AT e B

FTHR 00 101, 76 A B0 £f B P Bl 2 T 90 e
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Table 9 Analysis of variance
5 BRI Y BRI 25 B Y, FTRACR Y,
KU HHE ¥195 F, P, B By F, P, B By F, P,
[EYE| 9 9.02 173.44  0.000 1** 9 54.31 242.34 0.000 1% 9 8.09 53.95 0.000 1%
X, 1 2.16 41.57  0.000 4#* 1 36.81 164.25 0.000 1% 1 1.13 7.5 0.02 9%
X, 1 0.54 10.39  0.014 6%x* 1 3.85 17.18 0.004 3%+ 1 45.13 300.83 0.000 1%
X, 1 0.34 6.46  0.038 6* 1 386.28  1723.75 0.000 1% 1 18 120 0.000 1%
X, X, 1 2.30 4411 0.000 3= 1 3.74 16.71 0.004 6%+ 1 0.25 1.67 0.2377
XX, 1 8.56 164.43  0.000 1** 1 4.64 20.72 0.002 6= 1 4 26.67 0.001 3%
X, X, 1 2.74 52.64  0.000 2%x* 1 0.02 0.0754 0.7915 1 1 6.67 0.036 4*
X; 1 50.20 964.69  0.000 1** 1 2.57 11.46 0.011 7% 1 0.95 6.33 0.04
X7 1 9.89 190.11  0.000 1#= 1 1.31 5.86 0.046 0% 1 0.0026  0.0175 0.898 4
X: 1 0.70 13.45 0.008 0 1 46.93 209.42 0.000 1#* 1 2.21 14.75 0.006 4
B2 7 0.0520 7 0.224 1 7 0.15
i) 3 0.0822 2.79 0.1732 3 0.207 9 0.8797 0.5229 3 0.0833 0.4167 0.751
R 25 4 0.0294 4 0.236 3 4 0.2

AT

TR 22 B 3 (P<0.01) 5 #3878 22 5 B 3 (P<0.05) ,

(BESRRE. ORI 2R S

2
(D)LRIERE . A BEXT AR R KR8

9
(VBRI BEHR IR B0t A R M

El26 &EEXMAEELHIE
Fig. 26 Influence of various factors on bundling
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Fig. 27 Influence of various factors on density of residual film bundles

(BEBRE S, B R B IR

FTAR A7 24 3 J3E 398 Jon e 445 B [ 4R o 12 S0 R I
SRIF G o TN Y 4 T L 3, M AR 52 31 )
TR J7 0008 O, 0 A0 2 52 B 2 T 418 0 6 A 34 R
T34 K o TR 2 Ak e 3, AR 5 T R A
el BT 11D/ B RN BR B2 2 R AN FE 50, JAN 4
FEAT 2 B, (R I 22

B AR I A JEE 4 DR R i A B R R IR
AN 65 B2 5 B HG — o T 228 R 3 S S A B

Wt 5 FEE F DR KA 1 0, T 4R B Al 55 % I =2 1) £ BE
A5 07 SR FTHR 0 RGBS, {HL
T D A AR /N S RS I R B P AR

H1 2% 9 Jy 25 43 A R 28 W] AT, X, HT 41 4 B 45
PR X AT 1M 1l 2 B2 Xk 3T 418 2803 52 o) 4 4% dk
F VXTI AL o XTI AR A B3 A X,
FTHR A0 JEE o A0 X FT 4R 26 T 88 19 52 L TR 3R X
&S ARTE 8

(BRI S A BEXT T HR A IR R R

(D)ERHPE . A3 X 3T HR 2R B 5
E28 FREREXITHMRLZM

Fig. 28 Influence of various factors on bundling efficiency
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T 100 106.23 14.67
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Fig. 29 Field experiment

E30 TR
Fig.30 Unloading process

B 31 FE
Fig. 31 Film bundle
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