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Design and test of combined equipment for chopping cotton
stalk and recycling plastic film in the field

WANG Ying-ying' ,KANG Jian-ming”, GUO Zhen-hua', YAN Li-min’
(1. Institute of Metallurgy and Resources ,Bayin Guoleng Technology College ,Xinjiang, Kuerle 841000, China
2. Shandong Academy of Agriculiural Mechanization Sciences, Jinan, Shandong 250100, China)

Abstract: In order to solve the problem of efficiently collecting plastic film residue and chopping cotton stalk
after harvesting cotton in Xinjiang, an equipment combining chopping the stalk and collecting plastic film residue
was designed and tested. By analyzing the force of the stalk crushing, it showed that the optimal rotation speed of
the cutter shaft was 2 000 r + min~'. After the analysis of the film releasing mechanism of this equipment, its design
parameters were determined. Using driving speed, shovel entering angle, and rotating speed of film conveying
chains as the influencing factors and the acceptability of chopping stalks and recovering of plastic film residues as
the evaluation indicators, a field test was conducted. Meanwhile, parameters that impact the entire performance
were analyzed to acquire the optimal relevant parameters and verify them by comparing to the current national in-
dustrial standards. The results indicated that when driving speed was 5.5 km + h™" | shovel entering angle was 30°,
and rotation of plastic film conveying chains was 120 r + min™', the acceptability of crushing stalk was 91.5% and
the recovery rate of the plastic film residue was 85.7%. The running state of the entire equipment was good and that
met the technical requirements of equipment for crushing and returning cotton stalks to fields and recovering plastic
film residues in the field at the same time. This research results can provide important reference information for de-
signing the combined equipment of chopping cotton stalk and recovering plastic film residues in the field.

Keywords: cotton; straw crushing; residual film recycle; combined equipment; working parameters; field ex-

periment

MR SR B B R MR e A IR S R i T AR T Y 3
REEY R AN EE R ORGSO I, B e rh i SR R U

YriE B HA:2017-07-18 &[5 B A :2018-09-27

HE&WB . i i 8RBT L0 (2014AA002-3) ; B Z R A 23411 H (51805305)

TEE BT LAEE2(1985-) , 2, Uil W58 07 1n) A AR B 115 2645 2L 72 F 58 . E-mail ;. 1194907533@ qq.com
BIEEE FEEH (1984-) 3 BITFR &, EENF IRV T 52584 E 72157, E-mail; kjm531@ sina.com



270 T 53 X AR 5%

%36 &

RO, ™ B RHAS T VEIAR XK A A TR SR (B 9 A
KET ., MR w3 HORTE 4 Rl R i 5 4 5
RLES RIS, s ek T i >

BILAH Ak 53 FRE 1] IS e e B B 35 % ] B 1) A 33K
FFBe, FRASHL [N B B AS [ W] 43 Sy« i A B | 46 i
SRS FIRK i WA RS St s L i B R ) K T AR
e R, © J0HE S IO e SR
SRR AT, B TSR B B E T . HRAE
WK G MR35 oy 56 #0563 AH 3R i, = LA TR Ik
A Ec FE R H A B e AR HE R R A R A
SRR MDA VR ML ML | 7 A 2 % 5 [l A B 25 £ Fif
PLR, Horh T 25450 R i UM RS R e B
5l e e A A5, Bt TR R R L R
NSRS AR AL, IR FT A0 008 B2 e O I, 42 &
TR A AT AR s SR A RS S AR [l
WSt FEE IR A AE XA TP 25 W 5T 25 K s BB LA
RSl 3 R AR A DU ATLAA 1 — 26 sh VR S S B %t
FIRMIE . ZE 0 R A5 1 X B i e 2 AT 25k s
[ LA RIS 2 3 PR 25 S5 ), 158 T — e
JEREIRE e DL EAREIUS 1 BIRCR BT SAR
FEAEBRMRE DRI, Al S22 55 AR,

BEXF LA B IRl A SO 5T 11 T 4JSM =200 Y
AR A 5 3k S TS 16 G A e WL, %o 735 A A L ke
I TS R UEAT AT, X LA TR RE R AT
(IR SY , LU SRR A B AV b B A B A
T RN R 25 B A R, AR IR 757 4JSM—200 RUF
FFR 55 R B DS G AR ML LY A IV E BEFE T

1 RERLASE  TAR R FEEORSAEL

1.1 ZEHEN

4JSM—-200 #IFEFF3 8 S5 FR A RIS S VR AL 3
FEHMLAE FEAF R iR RS AT R e A LA |
FRIFEH AR B ENRAR AR, LS AN 1 i
1.2 IT{ElRIE

ML R = B S SR AL i H L
DAL TR R AR St ek AN LIS T S
B AT, B A ke B R U s B E A
FEFFFTRE , FERE A8 A 9 VE FH T 98 ARG A % LA
B TUIRE 2 R B e ] WL AT % 1) M 5 5 2 47 s 7k
JEFGHES , JF AR A AE T T 115 H ik, 78 i B AL
FPIVERT T T A BEAE
1.3 FERASH

B EEAT HH 2 M HLRARE, MR 66 cm+
10 cm, M58 205 em, BKZEMRALUCHR S, 20 AN
10 cm ZEATIABR BEHEAE + 35 b XAE R BE B /N 2R

H RARER A T LT, 66 em T 77 1] I 43 4R
B TEMD A R TT — YA 52 R FT A T A
i, EFHASHINF 1 PR,
2 REHLCHEEF BT Sz s b
21 RHEMBEEEER

R s HES e =PI IR e
U, IR 2 B

FFF IR B AR I, FL7J 58 70 4l e
FEBTL I R, JTE A T4 1] B2
TGRS 2 S TN 3 BTR

It N A
1/ 2 3 J ‘%r 6 7
LRSS 2 RS AT ke B 3 R AT R 3
4 TRIER G 2 B 5 AL ;6. B IEAR ;7.8 ke

1. Edge membrane shovel ;2. Stalk crusher;3. Stalk conveying device;

4. Residual film picking device;5. Loosen shovel;
6. Storage box;7. Road wheel
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Fig.1 4JSM-200 combined equipment for chopping
cotton stalk and collecting plastic film
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Table 1  Primary technical parameters

WH HH WiH 3¢l
Ttem Parameter Ttem Paramelter
HME RSP
(K 5% &) /mm  4300x2800 || /IS %E/ mm 2000
Overall dimensions %2200 Working width
(LXWxH)
-~ JEAA AL/ m?
/k
EEEzj.JjJ W 90 Membrane 1.5
Supporting power
tank volume
YEML TR & HATHE/ mm
Operating 6 Suitable 660+100
width (rows) width ( row)
Y 8 2
Q;I: =N
AR ke 2600 /(km - h7h) 5~7
Structural mass .
Operation speed
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1. Cutter shaft;2. Blade
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Fig.2 Array of cutters
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Fig.3 Cutter blade force analysis
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Fig.4 Contour curve of lifting shovel
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Fig.5 Schematic diagram of residual
film collector device

Eo HERE
Fig.6  Field test
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Table 2 Experimental factors and levels

Adfia B RS T n

HFEHE v

]74]2\121 Forward speed Penetraling angle Rotation of conveying
/(km - h™1) /(%) chains/ (r + min™")
1 5.0 10 80
2 5.5 30 100
3 6.0 35 120
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Table 3  Experiment scheme and results

AN Ja N - +- ) WA 5 &3 % > 3= %
e ST o/ (km - b)) AL 0/ (°) FRIEHHERE T n/ (v - min™!) FEHMHEGHEE Y, /% FRBENCE Y,/ %

Test number Forward speed Penetrating angle R()ta.umn of . Accep.ta})ility of Rec?vely 01? plastic
conveying chains chopping stalks film residue
1 1 1 1 77.7 88.5
2 1 2 2 82.9 80.6
3 1 3 3 84.5 75.5
4 2 1 2 80.6 85.2
5 2 2 3 81.6 76.5
6 2 3 1 80.9 72.5
7 3 1 3 88.5 78.7
8 3 2 1 80.8 75.7
9 3 3 1 85.3 85.6
K, 254.9 246.6 249.2
K, 243.1 245.3 248.8
K5 244.6 250.7 244.6
NP 11.8 5.4 46
/% e g
Acceptability primary and
of chopping seconLlaIy v>a>n
stalks factors
ARG
Optimal viaziy
combination
Ky 244.6 252.4 236.7
K, 234.2 232.8 251.4
Ky 240 233.6 230.7
R R 10.4 19.6 20.7
L% mgEw
Recovery Primary and
plastic film  goeondary a>n>v
residue factors ’
Bl &
Optimal vyagny
combination
R4 MR ATESW
Table 4 Variance analysis of prototype performance index
izt Ji 2R RS il FI RECE-F =Sl F1{H P
Index Sources of variation SSD Degree of freedom Average deviation squared  F Value P Value
RS AL o 1142 2 0.571 314.500  0.0021" *
Forward speed
= AR A Y PAN &= iy
FEAPEH & B4 Y /9% /\iﬁ”; “ 0.714 2 0.357 17.500 0.0752
Acceptability of Penetrating angle
chopping stalks A Lt )
Rk L 12.556 2 6.278 195.400  0.042°
Rotation of conveying chains
%24 Error 0.292 2 0.146
e i
AR o 0.494 2 0.247 87.520  0.04832°
Forward speed
RIRENR Y,/ % AL a 14.29 2 7.145 413.500  0.0017° "
Recovery of plastic Penetrating angle
film residue O ot ol
MREEREn 7.042 2 3.521 246.700  0.0046" *
Rotation of conveying chains
%2 Error 0.034 2 0.017

.P<0.01, ZIANEW BE Idh = = ;0.01<P<0.05, ZFMNELZE ich =,

Note: P<0.01 indicates highly significant factors and is denoted as * * ; 0.01<P=<0.05 indicates that the factor is significant and is denoted as * .
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Table 5 Results of comprehensive evaluation

cppa APEEEEAEER SREER LR G
K> o , ‘
Acceptability of Recovery plastic ~ Comprehensive

Test number . . . .
chopping stalks film residue evaluation

1 0.172 0.428 0.083

2 0.624 0 0.057

3 0.756 1 0.068

4 0.715 0.527 0.145

5 1.012 0.624 0.249

6 0 0.935 0.951

7 0.621 0.756 0.576

8 0.005 0.658 0.836

9 1 0.569 0.847
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Table 6 Range analysis of comprehensive score

5iH fipisi s AES N
Item Forward speed Penetrating R()ti.itlon of ‘
angle conveying chains
Ky 7.534 8.214 14.247
K, 9.246 2.368 15.264
K 5.014 6.578 16.214
R 4.232 5.846 1.967
Main and asvSn
secondary factor
b d) ik
Optimal ayvyms
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x1 HE
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Table 7 Range analysis of comprehensive score

Tr 22K RS R H VTR 2T A F1H P1{H
Sources of variation SSD Degree of freedom Average deviation squared F Value P Value
VI T—
LR o 0.028 2 0.014 154.242 0.0072
Forward speed
[
/\j:ﬁfy: N 0.070 2 0.035 191.571 0.0056
Penetrating angle
LAY ~
. ﬁu%%%ﬁ "o 0.094 2 0.047 93.017 0.0324
Rotation of conveying chains
7 Error 0.001 2 0.001

(T35 280 W)



