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1. Fixed plate of drawbar 2. Profiling drawbar 3. Handle 4. Adjustable
screw 5. Collecting-film frame 6. Collecting-film elastic tooth 7. Mounted
plate of spring tooth 8. Inner square tube 9. Land wheel of profiling 10.
Limited rod
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Fig.1 Collecting-film mechanism of monomer
profiling
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a. Force diagram of collecting-film b. Force diagram of collecting-film
spring tooth mechanism
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Note: Fj is friction force of soil on collecting-film elastic tooth, N; Fp, is friction
force of residual film on collecting-film spring tooth, N; N is reaction force of
soil to collecting-film spring tooth, N; F;, is resilience force of elastic tooth, N;
F,,is tension of residual film on collecting-film spring tooth, N; Fo,, is latitudinal
force of spring tooth, N; Fopy, is underground force of spring tooth, N; Fp, is
resultant force of spring tooth, N; O, is pressure-point of terminal of spring tooth;
#is underground inclination of collecting-film spring tooth, (°). O is the origin of
coordinate system; X is horizontal coordinate; Y is vertical coordinate; Fro3 , Fraz is
traction power, N; Frosy, Frosyis Fro3 of horizontal and vertical component force, N;
Fraze, Frazy is Fraz of horizontal and vertical component force, N; Q,, O, is
working resistance and vertical reaction on profiling wheel, N; Q is reaction of land
on profiling wheel, N; G is gravity of collecting-film mechanism of profiling, N;
@ is angle of traction of profiling drawbar, (°); 4, D is the link joint between
fixed plate of drawbar and profiling drawbar; B, C is the link joint between frame
and profiling drawbar; 1 is bar AD; 2 is bar AB; 3 is bar BC; 4 is bar CD.

B2 e ARSI E
Fig.2 Force diagrams of collecting-film spring tooth and
collecting-film mechanism
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200, Z 5, (AT K 1=292.38 mm, HUHE =292 mm;
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e BCyRYITEIUH BC FOIERZEhBIMRIRGLE : B, AiTEIUAT BC

BB IS S BIIIR AL B @ N ROTJESM, () & N EMITEM, () H
NTE, mm; Hy N EA5EE, mms H NN LR SR E, mm.
Note: B; C) is the maximum of lower profiling on profiling linkage BC; B, C, is
the maximum of upper profiling on profiling linkage BC; @, is lower profiling
angle, (°); @, is upper profiling angle, (°); H, is lower profiling, mm; > is upper
profiling, mm; A is the sum of upper and lower profiling, mm.

B3 A5 H At Ade
Fig.3 Structural parameter of profiling linkage
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1. Control panel 2. Fixed corner bracket 3. Frame 4. Collecting-film
mechanism of profiling 5. Small pulley 6. Soil-bin 7. Assembly of motor
and large belt wheel 8. Test car 9. Guide rail

B4 FHERIAMREEEMTER
Fig.4 Test bed of collecting-film mechanism of profiling
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Table 1 Conversion between working speed and frequency
Sl fo R WA AR
ETENR LA
Gear of tractor Speed of tractor ~ Speed of test Frequency
car ot tracto /(m-s™) car/(ms™")  of converter/Hz
(RISt
Low speed of [ slow gear 083 083 1937
18 1A% i
High speed of I slow gear 1.09 1.09 25.44
g TTARY K%
Low speed of Il slow gear 147 147 34.31
[E3IRET=HtY
High speed of 1l slow gear 1.85 1.85 43.18
IRITFEE 2.11 2.11 4925

Low speed of III slow gear
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a. I & EVE
a. Front view of test bed
B/ 5 Sy RIEIA XL G
Fig.5 Test bed of collecting-film mechanism of
monomer profiling

b. W56 & MKl
b. Side view of test bed
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iz, SGEAT 23 AiAse, BRI 3 0K, B3 PRI A
RIPPIME . 8T Design-Expert 8.0.6 #4576 il 56 77 5
st 545 5804
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Table 2 Factor level of experiment

R 7K

s R B P 36 2 P

Coding Spring tooth Spring tooth Test car speed X;
number X,/ diameter Xo/mm /(m-s™"

1.682 5 14 2.11

1 4 12.4 1.85

0 3 10 1.47
-1 2 7.6 1.09
—1.682 1 6 0.83

R3 RERMEEEVFAEREFTRRER
Table 3 Program and results of test of quadratic
rotation-orthogonal combination

s e W K KKF Factors and levels i R 4E 47 Response index
No X X, X %
1 1 1 1 93.3
2 1 1 -1 80.7
3 1 -1 1 82.1
4 1 -1 -1 80.3
5 -1 1 1 66.3
6 -1 1 -1 64.3
7 -1 -1 1 64.5
8 -1 -1 -1 62.9
9 1.682 0 0 88.3
10 —1.682 0 0 46.5
11 0 1.682 0 84.9
12 0 —1.682 0 77.3
13 0 0 1.682 82.3
14 0 0 —1.682 75.2
15 0 0 0 89.7
16 0 0 0 86.1
17 0 0 0 84.5
18 0 0 0 85.8
19 0 0 0 89.1
20 0 0 0 87.7
21 0 0 0 86.9
22 0 0 0 87.6
23 0 0 0 87.1
e YA,

Note: Y is the film-collection rate.

3.4 BRAEERSHH
3.4.1 RIEEE AT
#|H Design-Expert 8.0.6 #A5xf 3% 3 rhifie s 4T
TN, BRIUEER Y AN RE, DSEZENE
A gmAS R T FE I (24),
Y=87.18+10.89X,+2.02X,+2.19X5-7.15X,>~2.3X,>—
313X+ 1.05X, X+ 135X, X3+1.400X; 24)

X Q) W XL X X SRR EGE BUTEA R
T 38 FE 1) YA

RIS RIEATTT 200, R 4 PR, G5 58R0:
PRIFR B 5 R P<0.000 1, ZRWIiZE] VA7 R AR Al
B3 MIEHBERN FAR: Fo=68.29>(Fos0,5=2.71),
F 5=2.99<(F,05(5,8=3.69), it LM A HBA 5 S2bR
THOE AR A, BAT LRI AR e

x4 EAERWFEN

Table 4 Variance analysis on regression model

FERW AR AWK Sy FE P
Source of Sum of Degree of
. Mean square F value P value
variation squares freedom
17 Model 2821.00 9 313.44 6829 <0.0001
#:# Residual 59.67 13 459
K4 Lake of fit 38.85 5 7.77 2.99

%% Error 20.82 8 2.60
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Fig.6  Effect of experiment factors on collecting rate
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Table 5 Measurement results of test-bed testing

RLE 4 Test group PRI Collection rate/%
5 1 Test 1 87.1
88 2 Test 2 90.8
86 3 Test 3 87.6
88 4 Test 4 88.3
Y8 5 Test 5 88.9
SFYME Average value 88.5
Frif 2 Stand deviation 1.4
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Table 6 Measurement results of film collection testing

RIS Test number PEIEZ Collection rate/%

R 1 Test 1 82.6
56 2 Test 2 85.3
X5 3 Test 3 81.8
R 4 Test 4 84.9
PRI 5 Test 5 86.5
P¥{E Average value 84.2
P Z Stand deviation 1.9
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Fig.7 Field test of prototype
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Design and experiment of monomer profiling raking-film mechanism of
residue plastic film collector

Wang Kejie!, Hu Bin**, Luo Xin', Chen Xuegeng'?, Zheng Xuan?, Yan Limin®, Gou Haixiao®
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China;

2. Mechanical Equipment Research Institute, Xinjiang Academy of Agricultural
and Reclamation Science, Shihezi 832000, China)

Abstract: The collecting machinery of mulching plastic film offers an important technological means to curb the
farmland residue pollution. The main method of residual film recycling in Xinjiang is the raking-film working. Due to
the complex cotton field environment and the poor raking film effect of whole profiling of the used plastic film collector,
the raking film tooth can not simultaneously carry out the monomer film collecting with copying with different cotton
field terrain, which causes a low collecting rate during the process of residual film recycling. For the problem, this paper
proposed a collecting-film mechanism of the profiling of the monomer. The theoretical design and mechanical analysis
of the mechanism of collecting film were carried out. With the method of complex vector, the profiling-mechanism
dynamics model was established, which involved the relationship between the reacting force of soil to land wheel of
profiling and the spring-tooth resilience force. Based on the establishment and analysis of dynamics model, the
collecting-film influencing factor could be initially determined. And the relevance of the spring-tooth stress states and
the raking-film mechanism’s operating condition was further explored. In order to confirm the operation parameters of
the device of collecting film, the experiment of the response surface with 5 levels and 3 factors was accomplished on the
soil bin trolley test-bed with the spring tooth of the raking film. Three test parameters, i.e. spring tooth number, test-car
speed and spring tooth diameter, were chosen as the influence factors of the test-bed experiment. And collecting rate of
residual film recycling was selected as the evaluation index of the test-bed experiment. Quadratic orthogonal rotation
combination trial design was applied to build the quadratic polynomial regressive model, which interpreted the
relationship between the experimental influence factors and evaluation index. Using the data analysis software of
Design-Expert 8.0.6, the matching mathematical regression pattern was developed, the relation of salient factors with the
evaluation index was analyzed, and the parameters of test were improved. The optimum combination of parameters
could be reached when the number of spring teeth was 5, the diameter of spring tooth was 12 mm, and the speed of test
car was 1.85 m/s. By using the soil bin trolley testing, the optimized results were verified on the basis of optimization
parameters combination. The experimental consequences manifested that the collecting-film rate of the mechanism of
monomer profiling raking-film was more than 88.5%, the optimization prediction model based on the quadratic
multinomial fitting model was reliable, and the film recycling requirement could be met by the structure and working
parameters combination. According to the standing cotton stalks standard field experiment in Changji, Xinjiang, the
experimental cotton field was selected, which was pressed by the wheel of picking cotton locomotive and produced
different fluctuation of pits and soil slope, and the results from the cotton field and the laboratory were basically
consistent. The research provides an original theoretical reference for the design of raking film mechanism of single
profiling, as well as the parameter optimization of remnant plastic film collector.

Keywords:. agricultural machinery; plastic films; optimization; monomer profiling; collecting-film mechanism; test-bed
experiment; residue plastic film



