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Design and experiment of 1.MSF-2.0 plastic film recycling,
bundling and straw crushing joint operation machine
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2. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: A combined machine for residual film recycling, bundling, boxing, and straw crushing was de-
signed to address the issues of low residual film recovery rate, poor bundling quality, widespread unloading of film
bundles, and high fuel consumption during the mechanized recycling process. This study introduced the structural
composition and working process of a combined machine for residual film recycling, bundling, and straw crushing,
with a focus on optimizing the design of the plastic film picking device, bundling device, and straw crushing device.
Through kinematic and dynamic analysis of the process of picking and bundling plastic film, the structural and
working parameters of each functional component were determined. To verify the operational performance and fuel
consumption of the combined machine for residual film recycling, bundling, and straw crushing, a three factor
three-level quadratic regression experiment was conducted with the speed of the film harvesting chain rake, the for-
ward speed of the machine, and the depth of the film harvesting bullet teeth entering the soil as experimental fac-

tors. The response values were film picking rate, film impurity rate, and unit fuel consumption. A regression model
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was established to examine the effects of each factor on film picking rate, film impurity rate, and unit fuel consump-
tion, and parameter optimization and experimental verification were carried out. The experimental results showed
that the factors affecting the recovery rate of plastic film, from large to small, were as follows; machine driving
speed>film harvesting chain rake speed>depth of tooth penetration into the soil. The factors influencing the impurity
content of plastic film were ranked as follows: machine driving speed > depth of tooth penetration into the soil >
speed of the film harvesting chain rake. Similarly, the factors affecting the implement’ s fuel consumption are
ranked as follows; travel speed of the implement > depth of tooth penetration into the soil > speed of the film har-
vesting chain rake.The theoretically optimal operating parameters include a chain rake speed of 119.06 r + min™", a
unit forward speed of 6.319 km + h™" | a tooth penetration depth of 63.29 mm. Field validation experiments demon-
strated that under the optimal working parameters (rounded values), the average plastic film recovery rate was
93.88%, the average impurity content of recycled plastic film was 79.76%, and the average of implement’ s oil
consumption was 14.85 L » hm™.
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1. Depth limiting wheel; 2. Chain rake frame; 3. Film picking device;

4. Ground wheel; 5. Lower bundling device; 6. Hydraulic cylinder;
7. Transmission shaft; 8. Straw crushing and returning device;
9. Film bundling box; 10. Frame; 11. Traction frame
1 1.MSF-2.0 5 BE B4 TH 5 FEFF MBS (E
Fig.1 1.MSF-2.0 plastic film recycling, bundling and

straw crushing joint operation machine
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Table 1 Main working parameters

24 Parameter FAA Unit BE Value
Bt &3 /1 Machine power Hp =130
FHLR ) Overall size mmXmmXmm  6400x2800x2900
AR E42 Diameter of film bundle mm <400
e AR At
Membranijflujfdiﬁ)x capacity #i Bunch 35
TAENRYE Working width mm 2200

LRSFT R BRI 5 2. 800t 3. T AT ke B R s 4R
4. EATAUE E) SRR 5 T B AR Sl iR
1. Straw crushing device blade shaft; 2. Twister shaft;
3. Active support roller of lower packaging device;
4. Active support roller of upper packaging device;
5. Drive roller of plastic film picking device
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Fig 2 Transmission circuit diagram
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1. Reversing baffle; 2. Teeth; 3. Teeth assembly shaft;
4. Chain rake frame; 5. Trash removal dragon;
6. Lower sprocket; 7. Depth limiting wheel
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Fig.3 Pickup device
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Fig.4  Structural diagram of spring teeth
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Fig.5 Analysis of tooth insertion and extraction movements
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Fig.6  Analysis of the tooth velocity at the soil entry
end and the forward speed of the machinery
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Fig.7 Motion trajectory of the tip of the film pickup cartridge
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Fig.9 Analysis of the force on the spring teeth
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Fig.10  Analysis of adjacent tooth motion
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Fig.11 Schematic diagram of spring teeth distribution
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Fig.12  Assembly diagram of the toothed shaft
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Fig.14  Force analysis of membrane bundle
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ol mg, H Al X S 8 R A TR (kg) 5 m,
el D S b ISR P B ) 5y SR BE I
W BB (k) 5 my SR TR SR A (cg)
Y, WIRBHIAE (%) 3 YV, WIS IEH (%) 5 ¥, Ny
BLEVEEHRE (L - o) 5 V, R FEMBHARL(L) ; S,

FEIE Y, MR, ZHEEIRERH ZHE =K
SEH Box—Behnken 56 IR FH #4740 AR 56 L 4
PEERBAGAR R Y, R G 4R Y, [ HLEFEM & v,
HXBHARN R, B HR SR 3 PR, @
I S A BT R B PR 2, A A e O A Y
45 100~140 r « min~", HLEFT#EE B F 6 ~ 10
km - h™' AR TG A L IREEE N 35 ~65 mm,, 1
FEIESCIRE 7 AN 4 s Al ER 5 K, B
5 YR I 45 R T EAE A IR IR 25 5, KRl De-
sign Expert 13 AT AT AL FR

NP ] M= N S P G L (O )
88% ~95% , HR M 5 4% 70% ~ 85% , WL FE I it
H13.65~17.70 L« hm™, 54 3% AT [ b
(BRI RICHL GB/T 25412-2021) 1

F2 REEH

Table 2 Test conditions

i H Project PN Unit %0 Parameter
YEYIZEAEY Crop type Ha4E Cotton
+IEIRSEE Soil compaction MPa 0.45
+ 357K # Soil moisture content % 7.98
FEAEGEE Residual film width mm 2 050
FRIFIEJE Residual film thickness mm 0.01
Fl AR ] Laying time d 185

FAEA AL Cotton planting mode 66+10

cm+cm

x3 REERHD

Table 3  Encoding of experimental factors

WOBEERLRL I MLEATROEEE g A IR
ﬂwj’ﬁfjkﬁ]‘@:{( hmz) o K- Speed of film Machine Depth of tooth
S TASLY Level collecting chain travel speed insertion into
3.3 ﬁtgﬂlﬁlﬂ- rake/(r - min~") /(km - h™") the soil/mm
R T B o A R g 0 5, 3 5 A A I 100 6 35
R X, HLEBTHEEEE X, 05504 A R IREE X, 0 120 8 50
HIRE R R R Y, RIS ZR Y, WA ! 140 10 ®
F4 RBWAREER
Table 4 Experimental plan and results
- > L VR e : 3 =X
o ACREERAEE gy CHIARRE I 4 B
1R85 i 7 A Speed of film . C: Depth of tooth . . . . Tool fuel
k K B: Machine travel K T Residual film Residual film .
Sequence  collecting chain rake &/ Ckm - h-! insertion into the ki e/ . ity rate/ % consumption
/(x - min"!) speed/ (km ) coil/mm picking rate/% impurity rate/ % /(L - hm™?)
1 100 10 50 89.03 84.11 16.65
2 120 6 65 91.43 75.47 14.70
3 120 8 50 95.79 77.49 16.20
4 120 6 35 89.95 72.41 14.10
5 140 6 50 94.86 74.35 14.40
6 120 8 50 95.76 77.25 16.05
7 100 6 50 89.21 73.49 13.95
8 140 8 35 89.21 78.95 15.45
9 120 8 50 95.32 77.02 15.75
10 120 8 50 95.98 77.12 16.05
11 120 10 65 89.64 85.96 17.55
12 120 8 50 95.21 77.37 16.05
13 120 10 35 88.23 82.41 16.20
14 140 10 50 89.73 84.86 16.65
15 140 8 65 93.95 81.27 16.95
16 100 8 65 89.78 81.65 16.35
17 100 8 35 89.85 77.25 15.30
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Table 5  Analysis of variance
PRI Y, BRIEGAR Y, HLEAE Y,
75 S st Residual film picking rate Y, Residual film impurity rate Y, Tool fuel consumption Y;
Sowrce of Py Ky AME Al B
variation Degree of  Mean F, P, Degree of Mean F, P, Degree of  Mean F P,
freedom  square freedom  square freedom  square
Il . . ‘e
. 9 15.1300  65.3921 <0.0001 9 28.6345 977.4325 <0.0001 9 0.0081 773334  <0.0001
Regression model
X, 1 10.7424 464325 0.0003 " 1 1.0764  36.6453  0.0005" " 1 0.0008  7.6723  0.0277*
X, 1 84332 364534 0.0005" 1 216.5343 7392.7354 <0.0001 " * 1 0.0545 522.1234  <0.0001 " *
X5 1 7.1423  30.8875 0.0009" " 1 222134 758.3453 <0.0001 " * 1 0.0112 107.8873 <0.0001 * *
X X, 1 47123 203564  0.0028 * 1 0.0034  0.1033 0.7573 1 0.0002  2.1673  0.1853
X, X3 1 57834  25.0345 0.0016 1 1.0854 369353 0.0005" " 1 0.0002 21673  0.1853
X, X, 1 00012 0.0053 0.9440 1 00643 20564 0.1954 1 0.0006 59953  0.0442"
5%
Residual error 7 0.2314 7 0.0293 7 0.0001
AU Lack of fit 3 03945  3.6254  0.1230 3 0.0211 0.5945  0.6511 0.0001 0.6944  0.6019
12 Error 4 0.1090 4 0.0355 0.0001

T x FORZERMILE (P<0.01) 5 * FREF L (P<0.05),

Note: #* * means highly significant differences (P<0.01); * means significant differences (P<0.05).

3.4 RIWERDH
3.4.1 ARBEXRBEFEY R E HES TEDSNG
RiEn, EHEX, X, X, 5Y, Y, Y, s
TIWRIBIEBERLR) Py P, F Py B/NT 0.0001 , 351K
IR I P, | P, AP, ¥IRT0.05, BTG
AN LIRS A B9 Kk B1E O R 5 SE PR A
54 PR RERIE e A AT 45 A s 4

H 5 R 16 R0, IS BE ML A s | ML L i
TREE A6 H A A - R X R G 4R SR 5 M 24 4
(TEN

B F: 475 23 S 4 A B e 2 ok ST 14 5 0/
JF HIGK G H R bEN 5 122, WO BE R L 33 5 A
B 8 B R T AL LT A R B R A R
K AR R T A X Bl 5 B2 Bl 2 38 K, A S0
PE BRI, I LM A % RS st O 46 45 I Ak T AR
A, A BT IR R F6 45 RN 1% 5 B RUFE B AIG, A AL
WSS B R AT, B Ak T st bR A SRR AE ) 1z
FB BN S T L SR, A SE PR AT,
WAL R P 4 P e i 3k B e v, O T g S 0 A A Tl
Wi i o K 32 o FE AR B T, A% AR T 32 1Y) ik T
J1 7 3 R A AL BT B R 32 1) L v ik i R AL, ook 2%
S EIRARE A SR R R B G, I T 52 1 A7 [ i
1) 56 B 5 [T

Wi 25 AL PR T 2 S0 3 A, R A i 114 £
JEE AR FATLEL T A i/ ), S8R P A R AR oL B
I/ AR B T AR DX /N, 3 0% IR TG 1k v A

B , FRAEHOAE RIEAIT,

BRSO AA 3R I 580 1A A T 88 T 4 A, O
A GREERG N, FEs b M i A A58 B 9 AL
BRI T S 5% e A A LA 1 58 14 38 e A6
e T2 B el B P R RV Y R, EE A IR
FEAREAE R, KA LR E RS S8 2 0
I RASIE | T B 5 W 4 45 AR, Ik D il
fir, BEAM, A BIREE K, H8E7E 55 R AE R T vl g
V5 B3 FBE A 1 5801 AR S, 2 TG0 R T B RS B, X S
SRR SR 1 AR R
3.4.2 FRBEAREYwRE HMES ME 17 A,
WAL R AT 2 i L L T B G4 A A IR
X FR IS 2% RS YA 8 3 BRI AR BE A L
LA T o T 1 0 S 2 12 /N i 38 B S 2R
SEi/ N2 R T RE R S ML TS T A
SR o A1 I 7SN w0 S 95 N ) 8 = i B
R, - LM 58 5 [T A et i v 3 Ak e etk
&, 2 e R BE L E 17 o B v i iR sh B
ML TR A 2 A I B AL L A T R AT
EEUR IR A 30 L, AL L T B P, 2 TR AN
T 2835 PR S FHAHE H 350 Tl i 28] 40 L 3 i 7
T ARIGIN TR ISP ATL L R 2k 2 498 i, 5 6 [ o) o
T 2y ot [ WA i () A S B S 3o il s 24, o 2 i ]
WA 118 255 SR T A B ok s AR B A Ty R 4R
1o WSS P A X T 1 2% R ) S B A A
S0 5 P 325 A i Bt B[] A 1 46 e, AR A i
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543 4

PR % 5T i1 T LB R B0 45 9 1) aok A st e, e
DIBR B 1) = B 14

3.43 MAMRMEHARZE WERS ME 17 AT,
MLELA T I 3 88 158 5 A = % 5 X ML L A i i 5
WS 2 o MILELA 7l o P A s BRLASE S ] P 5% A
AL IN, Zh 7 A A AR K AR E T,
S A A R 3 I, ML EL i 7 0% HH s 1
I AR B I, SRR B RO T AL TR R
M) {25, WAC Bk R 2 R 15, fE A LB N BB AL B &R
G B far 38 R, DTN D i P AL 1) 2y 232 g 13 T 422
SN AE . PR B 53 MR mT e oMb 8 28 4[] Bt A K BR
JEREARIMAE , N A B PR ML AT B R G At
TR B NSRS A AT e o, 3 BB B AR 3 B, e i
AR 5T RET oK IR IR SR A 22
PAAT I A R BE B R = 2 Tl HLs D REAE . 3E
el 6 T A AL L SR A AT s R R WA A e
Pl ol , P T 3 5 BB AR, SR ARl 5T o R 1K
THFE I SR 0T 251

AR EIE T RRIT .

Y, =95.43 + 1.35X, - 1.29X, + 1.01X, -
0.87X,X, + 1.33X,X, - 0.0175X,X, -
2.17(X,)* = 2.92(X,)* - 2.70(X,)*>

Y, = 77.73 + 0.5587X, + 5.20X, + 1.47X, -
0.0275X,X, - 0.265X X, + 0.1225X,X, +
0.9655(X,)* + 0.5030(X,)* + 0.8255(X,)"

(25)

Y, = 1.07 + 0.0138X, + 0.0925X, + 0.0312X, —
0.0025X,X, — 0.0050X, X, + 0.0025X,X, -
0.0075(X,)* = 0.0300( X,)* + 0.0025(X,)"’

(26)
I AT A AT B AR S EC A R O
FEAUFL S 119.06 1+ min™' , HLEFTHEHE 6.319 km
- b RAR BTG A I 63.29 mm,

4 HI[E]5E

S UE 1. MSF-2.0 FR M5 [0 WS THH 5 5 FH i ik
BAEAML AL AR S B8R, F 2023 48 10—11
A e A e i e 5 7S 0 0 R AR 3 R
YLK Y DX 308k DX Y5 T DU S VT - b
JE H RIS ER S . FH 1354 SRS VR, %
WU o 1 B e 285 SRR B A 455 120 ¢+ min™
MLELRTHEE 6.3 km « h™" 305 A L3R 63 mm ik
A7 ERE , g Bk 6 Fin . iR F S 1~3 i
REE T 10 H | R, X575 4~6 BIKK )R

(24)

T 11 A HERL
P LA FH ) 6 5 o P ) PR AN ) 5% 37k B 46
i BRI A MLEFEIE A — 5,
Fo RWHER
Table 6 Test results

. e HLEFEM
K FS FRERA R AR % Tool fuel
Test Residual film Trash .
ber icking rate content consumption
num| picking rate : /(L - hm?)
1 94.56 78.23 14.70
2 94.15 76.51 14.25
3 93.85 82.12 15.15
4 93.54 80.21 15.30
5 92.87 82.34 15.15
6 94.31 79.21 14.70
T 93.88 79.76 14.85
Average value
+ AN
5 én 14!

1) 38 3o X6 Ltk 66 47 2o A v ) U 2 B 2E A
FI253 BT, 00250 R W R A 5 S L 100 ~ 140
r e min”' YESERE A 2 my, 3@ X TR AR 0 o A
Wi b RTINS B e fl o N 34, FHTALIX IR |
I XA 50 120 em #1110 em, #1214 E
SN B ARG 5 38 B3 B 5 2 S R EL T o 1 A G

2) %54 Box—Behnken i 1 ] %31, % FH = A
B KPR R T4 7 3, X B A A T T R
SRS R BRI b LR A7 53 65 [l i B 3565, 3
Ak ] 7 TR A 38 5 ) B ARG 4 R 1 R R
B /RU R HLELAT Bl B | WSORSE B A | R G A
R 2 B AR 2 R B IR 2R i R E/ MR R L
BT St A R TR R SORS A AT ;5 AL
FLFEIh R i KB MR O HLEA T R B 5
P A BT WA A R

3) ST AR G AR R R BRI 2R S5 AL H it
PR SRS RGN IR Rk 2 3 ]
AREHY  ARA5 55 AR S T 4R 55 5 FF b AR 3 G
Ml TAERC A A OB 4% AL 4% 3 119.06 1+ min™' |
HLERTHEEE 6.319 km - h™' #fk5 A + IR JF 63.29
mm, I E IR R | E RS W R TAES 5
SN BRIER AR A A 93.88% BRI I F 1Y
H4 79.76% HLEIMFE = H{E A 14.85 L - hm ™,
AU RBR AL T AT B AR T, 25 R A8 AR 2 35
N E R AT AREEEK
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(a) 4 <1 (b) =1
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Fig.8 Work quality of different machine speeds
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Fig.16 Influence of various factors on residual film recovery rate

TREI%
Trash content

BUEAER/(L «hm ) =
Tool fuel consumption
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Fig.17 Influence of various factors on impurity content and machine fuel consumption
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