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Design and experiment of film unloading device for
roller-type residual film recycling machine
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Abstract: To solve the problem of unreliable performance of the film unwinding device in the film recovery
machine for the plow layer, a device for loosening the film by reversing the roller and forcibly unwinding the film
from the unwinding roller was designed. The film unwinding device mainly consists of a forward and reverse mecha-
nism and an unwinding roller, effectively achieving the film unwinding function. Analysis and parameter
calculations were conducted for key working components, and effect of film unwinding conditions were determined.
The experiment set the unwinding roller speed set at 167.86 r + min' and the roller reversal speed at 43 r + min™'.
Using the forward speed of the implement, the unwinding roller speed, and the roller reversal speed as experimental
factors, and using the film unwinding rate and the soil content in the recovered mixture as evaluation indicators, a
three-factor, three-level orthogonal experiment was used. The experimental results were analyzed using Design-Ex-

pert 13.0 software to obtain the interaction effects between each factor and the evaluation indicators. It was found

75 H #1:2024-01-10 &2 H #5:2024-03-27

EEWA : HEK ARBFEEE4 (52105278) s Bl B4R AR KA & il 4 B — Ak H (YTHSD2022-10) ; B B /K H IR X &
SRR H (2022B02038)

PEE BT X/ (1994-) , 55, (PG FAM N -5 AE WIS 5 1] R FH AR BT YL iR B R 54845 . E-mail : 1711315255@ qq.com

BIEVEE  HHR (1986-) 55 HARHA A, S Gz, 2 gk AR S SR BEOR 524 5T, E-mail : shizlfd@ qq.come



272 T XA 5T

42

that the factors affecting the film unwinding rate (in decreasing order of impact) were the roller reversal speed, the

unwinding roller speed, and the implement’ s forward speed. For the soil content in the recovered mixture, the in-

fluencing factors (in decreasing order of impact) were the unwinding roller speed, the implement’ s forward speed,

and the roller reversal speed. By optimizing the regression model, the most suitable parameter combination for the

operation of the film unwinding device was determined to be an implement forward speed of 4.37 km + h™" | a roller

reversal speed of 184.70 r » min~'

, and an unwinding roller speed of 61.95 r + min~'. Field tests were conducted u-

sing this optimal parameter combination. The results demonstrated that the film unwinding rate of the device was

73.21% , and the soil content in the recovered mixture was 16.20%. The relative errors compared to the theoretical-

ly optimized values did not exceed 1%, meeting the design requirements.

Keywords : residual film recycling machine; film unloading device ;roller-type; design; experiment
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1. Film collecting box; 2. Film unwinding roller; 3. Forward transmission chain; 4. Film picking roller; 5. Forward and reverse mechanism;

6. Reverse transmission chain; 7. Winding roller; 8. Guard; 9. Chain I; 10. Film lifting device; 11. Gearbox I;

12. Gearbox II; 13. Chain II; 14. Traction frame; 15. Power input shaft; 16. Hydraulic motor
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1. Chain drive I; 2. Gearbox II; 3. Chain drive IT; 4. Film lifting device;
5. Film picking drum; 6. Film unloading roller; 7. Hydraulic motor;
8. Forward drive chain; 9. Reverse drive chain;

10. Forward and reverse mechanism;

11. Gearbox I; 12. Power input shaft
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Fig.2 Power transmission system
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1. Reverse power input shaft; 2. Forward double-row chain;
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3. Support roller; 4. Width plate; 5. Reverse double-row chain;
6. Forward drive sprocket; 7. Forward rotation power input shaft;
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Fig.3 Forward and reverse rotation mechanism structure diagram
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Fig.4 Reverse film unloading schematic diagram
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B FRE GB/T 25412—2021 ( 5% iy 5 [a] Ui
HLY P NY /T 1277—2019 (5% Hi JE [0 s HILAE b 5
) P BRI R YR T 4R R 2 SR R T b
REFR AR E . R T 3 W, X g A i
HEATIHUE I W e FR AR, I XoF 5% JRE 28 5 2% % [l WSO
G E R,

+Wb
-W

C

= x 100% (26)
Wa
W

d

G = x 100% (27)
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Xp, € HHEHBER (%) ; 6 M EIGR &Y & £ %
(%) ; W RSERERE h AR Y BTt (g) s W, WALES b
PELEIFRAR T (o) s W, W SEIEARE H IR G Y &
(g) ;W HETRBESTEHMER (),
3.3 g

A 3 A PR 2 G R S A0 BT, R ) R 2
B T Y S R A LT R B A R R
S AR, DIALE TS X, G
WX, IR X, e R 3R DA B A 1 S 3
Y, PR AW & 1K Y, W8 FRIETT Box—Behnken
I, R R ARG | s, 45647
TR UE B X, N 3.5~5.5 km + h™' 4K 3E
2.3 75 M TR I Ve B A R I A B X, 167.86
~197.30 r « min”', EIREH L X, Hy 53~73 1 -
min~ " I LR AL R R T ALE AT
E RS 3 AT Y VR T K ke A Y S R G e
SUNEEL SR e S RVE G TR v T R Al PR
T AR LA PR B OG G 3% DT-2234C Xf
B S e R 5 ) JE R e AT RS, o S B AR
SRS S B0 TR, DL oR e i o
PR A o] Sk

4 ER 500

4.1 HBER
W7 S BRI 2 BR

42 HiRALE

421 =R EFHS>HN Lo Design — Expert
13.0 307, 5% B S R | IR WSCIR & 9 & 38 i U 22
IR 3 FroR, SR, 4 R3O0 B R 2 R
ARSI PR R B /IR WA « 46 R S T Bl il ) IR
LA X I OR A ) &  R Y 5 h
REN IR - HIE R B AT 3

BEHL R
422 wWEAFAEHL  FRIEHFER Y, MERS
YR Y, 0508

Y, =73.95 - 0.0925X, + 1.07X, + 0.6837X, -
2.36X,X, — 2.05X; - 2.78X; — 4.28X;  (28)
Y, = 15.9 + 0.2775X, - 0.0462X, + 0.6913X, -
0.625X, X, + 0.4637X> + 0.4812X> + 0.8863X2
(29)
43 EZRENHEZRMEUESYS T ENZI
431 ZBRFEMSHFEEAYw  E 1A FEIKE
5?)%5&?*@7](%2(63 r e min’’ ) Eﬁ‘,HL,E\*Eﬁﬂ:EE
55 R I P R S A K ) 235 i 18 i T [
WILEL AT BE [ 72 7 2 7K (5.5 km + h™") B IR

042 %
1 KBEEHERKE
Table 1  Test factors and levels
K& Factor
K- MLy BB e ik T RE R

Level  Tool forward speed Roll reversal speed Speed of unloading

X,/(km - h™") X,/ (r+min™") roll X3/(r+ min~")
-1 3.5 167.86 53
0 4.5 182.58 63
1 5.5 197.30 73

®2 KBEARRER
Table 2 Test plan and result

[EUGSES IS FE bR

Test factor Test index

5

Test No. IR % BIEEYE 1%/ %
X X X Film unloading  Soil content of recovered
rate Y mixture Y,
1 -1 -1 0 65.61 16.11
2 1 -1 0 69.52 17.67
3 0 0 73.86 15.55
4 0 -1 -1 65.37 16.51
5 0 0 0 74.17 15.71
6 -10 68.94 17.38
7 0 0 0 73.91 15.98
8 1 -1 67.12 16.49
9 11 67.82 17.95
o -1 0 -l 65.85 16.32
11 1o -1 67.91 16.33
20 0 0 73.18 16.24
13 11 0 67.93 16.95
40 -1 1 67.25 18.12
15 -1 0 73.43 17.27
16 1 1 67.73 18.35
17 0 0 74.62 16.02

Wi 7 5 2 S B e R 11 4 R 22 3 2P 1 KU s/ 1
B PR T A A R R B A G I B Y
B3 FEE 55 ST B I - fl B 5% B A A 1) T 6 el B
BRI A B T EHE X, RECHIR R RS, &
B e [ 2 AEAIR /K (167.86 1+ min™") B, ]
B 23 ot o A1 L 7 2 SR ) A 2 IR S Y R )
RS X TRl A L AR R B, T
ik FE PR VR T 300 5 20 18 5 T o 2 TR G R
T B0 A LI N, 5 B0 B AR () I X
1 R ) AR 6, 5 S50 B3 AL

Bl 11B 454 B i i i Ak~ v ] 7K - (182..58
v+ min~') B HLEL TR S AR A 52 BAE
XoF S S35 M £14) Wi 17 TR 1l Pl R A A
LU WL EL T2 03 0T 28 B 3 A T o el 2 A, AL
EL R 5 D ISR T 20 B R 114 5 i) R 2 B o e
B FF /IS a3 32 P T i D R B 1) 3
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i, RSN 5 5 51 =2 (8] 1 VR %
- AR R RS DR 1T S S R R KA

Bl 11C AHLEAT#E 3R AL T K (4.5 km
o b7 B AR B e i R P R A8 ELAE X
LE 5 55 Wi g i 7 T Pl PR T R S B T

LU N )

OIMTEE IR B, R B R A R S R | AR
T S g S B R I s B A IR T
Y R P A D 5 R I B Tl 3k () B 8 o e, 58 47 5 )
JR M Z R A D7 AW K, SR s 31—
(ELST Ak 20 8 DX 3o 1% B 5 49 I ] ik DB, B T 5 250

PO AR S I A e VE I B3 i 5722 iR T RE
=3 FAESH
Table 3 Variance analysis
EiEtun E-E 3 T B B ¥ FAd P1H .
Index Source of variance Sum of squares Degree of freedom Mean square F value P value Significance
A Model 178.76 9 19.86 36.86 <0.0001 *
X, 0.07 1 0.07 0.13 0.7320
X, 9.10 1 9.10 16.88 0.0045 # ok
X5 3.74 1 3.74 6.94 0.0337 *
XX, 22.23 1 22.23 41.25 0.0004 #
X, X, 271 1 2.71 5.02 0.0600
. ﬁﬂﬁ%% X, X5 0.35 1 0.35 0.65 0.4480
Film unloading
rate Xy, 17.76 1 17.76 32.96 0.0007 * %
Xy 32.46 1 32.46 60.23 0.0001 * %
X3, 77.18 1 77.18 143.23 <0.0001 ® ok
524 Residual 3.77 7 0.54
JeA Lack of fit 2.67 3 0.89 3.24 0.1429
4R Pure error 1.10 4 0.28
JBH Total 182.53 16
A Model 11.77 9 1.31 19.83 0.0004 * %
X, 0.62 1 0.62 9.34 0.0184 *
X, 0.02 1 0.02 0.26 0.6261
X3 3.82 1 3.82 57.97 0.0001 * ok
X, X, 1.56 1 1.56 23.70 0.0018 * ok
Y X, X, 0.03 1 0.03 0.44 0.5291
g et X, X5 0.01 1 0.01 0.09 0.7787
Soil content of X, 0.90 1 0.91 13.73 0.0076 * ok
recovered mixture Xy 0.98 1 0.98 14.79 0.0063 #
X3, 3.31 1 3.31 50.15 0.0002 # %
5% 2% Residual 0.46 7 0.07
4 Lack of fit 0.17 3 0.06 0.75 0.5754
Zfi{R% 2 Pure error 0.30 4 0.07
JEH Total 12.23 16

T = NS BE(P<0.05) ;= + HZEFMEIE(P<0.01),
Note: * indicates significant differences (P<0.05) ;

432 BREENEKRSHASLEIEHYw BT
Ty RBAHE R /NP K 2 X SR &)
B L REFRIE RN S R RN 3 A, 4%
PRI 2R X [T TR A5 ) 7 1 238 1) 52 ) i LM AR IRy )
ARG X, MLEL TR X, SR X, .

Bl 12A Sy H) B R A% Ab T [ KA (63 1 -
min” ") B AILEL T o B 5 4 A R e e ol A8 HLAE
X ST 5 0 A 36 52 ) féy el iz 1T P, S AL LT
R [ AR K T (3.5 km » b)) ) B 4550
R RGN MOR A W) & R R BN 5
ﬁﬁg%%,ﬁﬁiﬁ'sﬁ%%ﬁﬁﬂ 182.58 r » min~' B,
B R S R R, B B ] N LR A

# # indicates extremely significant differences (P<0.01).

P Z , FIOR G Y& 1R 00 B R B R
L R [ e R K- (197.30 v - min™') B, B AL
ELHT R BN, MO &9 & 1 S8 S 3 e s/
JE R R A, 3t DR R AL A R G 0
P ] NSRRI AIR G W 2 R A h Y
‘Mﬁm%n%ﬁﬁw@ Yy L R REAL AL
T R 3 K s 1 J AR B4 £ AT, R Bl SOR
%%@i%%ko

&l 12B SRy 40 I e e sk b 1 Rl Kk ~F- (182.58
v+ min”) B, HLELATHE S RE 5 AR FE s B
XF TSI 5 40 % - S8 52 ) 7y el iz 1 1, AL L T
PR BRIl SR S & R R
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Fig.10  Field test of film unloading device
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Fig.11

Response surface diagram of the influence of various factors on the unloading rate
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Fig.12  Response surface diagram of the influence of various factors on the soil content of the recovered mixture
4.4 BEAUERKEKIE

AR F 5 ) 4 R )2 4 B T ST AT G 2
PEREMIRAE SR &, DA i S0 JBE 3 eI T iR
BYE R B, LUSR R RS AL i R
AR it i o VIR AR G R AR T 42, 1 H Design 53r+-min”' <X, <73r- min"'
—Expert13.0 By Optimization B ST BE
HATZ HbR 0, AR AR IR

maxY, (X, ,X,,X,)
minY, (X, ,X,,X;)
35km-h'' <X, <55km-h"’

168.86 r + min~' < X, < 197.30 r + min~"'

(30)
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Wi T, 15 B R S B A ML
PEHEE A 4.37 km - ™' 5 R 184.70 ¢ -
min~'  HIFRERFEE 61.95 ¢+ + min™ ,Jﬂiﬁqﬁfﬂﬁﬁ]ﬂﬁi
H 73.94% , IBIUR G & T %0 15.83%,

4.5 HERIERE

S T B IE A R OB J2 55 I [l e ML 20 5 1Y
PERE UL S E L AT 4.4 km - h™'
BRI G 185 v - min”! EIBRARFEE 62 1 !
AT RIS 0 UE I A5 a2 4 FioR , Hh R A
HIERHy 73.21% , MR &P & + 38 16.20% , 7%
AWITER

min~

F4 WIERWER/ %
Table 4 Validation test results

55 Test No. Y, Y,
1 73.23 15.96
2 73.43 16.23
3 72.96 16.41
SE-H{H Average 73.21 16.20
+ A
5 45

1) $ T 5 B IS T A IS K ) B R 5 ok ) JEE
TAEN R, NG T B WL K TAER I, TP
WOHTHE T 6 50 B2 58 I m b G 25 40
B0 HE AT, B T SRR VR S 8,
b BB JIE R 1 [ 6 2 A2 g 150 mm , 35 5 5 I s L hy
167.86 r » min™", HIF4REH 43 ¢ - min”" WoEs
B2 R EIHL A R RS IR

2) i = PR 2R = KT A o 0 T 56 A A% K
65 PR 2R X (6 23R 118 5% W 2 B Ry 45 R S B T o > )
PR Bt 3 > L LT 3 5 X B R IR WSR2 &
SR e A Ay« ) AR o > L L T 3 3 > 5 A
SR, 3RS FR bR AT T S8, 15 2 R
SHAE N ALERTHERE R 4.37 km « h™' BRI
BRI R 184.70 v - min™'  EIIRARFEH R 61.95 ¢ -
min~", M B AR S S5 (RT3 A3 N
73.94%M115.83% , LIRS EA G  HLERTHEE
M 4.4 km - b BHSCEEH 185 v - minT! | HIFHR
BRI 62 v+ min” FEAT I [A]RSE0 56 U , 75 5% 5 () 5%
FRISIR S W& 1253 510 73.21% F1 16.20% , 5
HB A AR R 22 8 AR 1%,
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