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Design and test of an integrated machine for straw
returning to field and residual film recovery
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(1.School of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgqi, Xinjiang 830052, China;
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Abstract; To improve the mechanization level of film residue recovery in cotton field in Xinjiang and solve the
problems of low film residue recovery rate and high impurity rate of machine tools, this study designed an integrated
machine for film residue recovery and straw returning to field. According to the planting mode and field operation
requirements of Xinjiang cotton, the key parts of the whole machine were redesigned. The parameters of the spinner
type crushing knife and the skein speed was 1 500 r + min~'. The rotary radius of the film picking drum was 245
mm, and the rotary radius of the template stripping was 278.5 mm. The moving speed of the machine tool, the
depth of the pick-up film teeth in the soil and the rotation speed of the output shaft were selected as the influencing
factors, and the recovery rate of the remnant film and the impurity content rate were taken as the test indexes. The
design-expert 8.0.6.1 software was used to carry out three-factor three-level orthogonal experiment design. The opti-
mum parameters were determined as follows: the forward speed of the machine tool was 7 km + h™" | the depth of
the collecting film teeth into the soil was 25 mm, and the rotation speed of the output shaft was 760 r + min~'. The
experimental results showed that under the optimal parameters, the average recovery of residual film was 85.03%, the
average impurity content was 15.88%, and the comparison error with theoretical value was less than 3%. The model
was reliable. The research results met the requirements of the field operation of the residual film recovery machine.
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Table 1 Main parameters of machine tool

ZH0 Parameter K Value

AL ST Overall dimension( mmxmmxmm) 4 800x2 900x1 700
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1. Traction mechanism; 2. The output shaft; 3. Belt drive mechanism; 4. Straw crushing mechanism; 5. Grinding cage mechanism

6. Frame; 7. Film pickup mechanism; 8. Stripping mechanism; 9. Film collecting box; 10. Walking Wheel
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Fig.1 The whole structure of the machine for recycling straw and film residue in field
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Fig.2  Structure of straw returning device
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Fig.4  Flail knife installation plan expansion drawing
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Fig.5 Membrane collecting mechanism
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Table 2 Test factors and levels

HLARTHERIE e A LR i e Al e
Ik Machine forward Depth of pick Output shaft speed
Level speed/(km - h™!) film tooth/mm /(r+min™")
A B C
-1 5 10 660
0 6 25 710
1 7 40 760
x3 KABRARSER
Table 3 Test plan and results
i b2 B AR
W7 Resdoa H T
Test 4 B recovery rate/ % rate/ %
number Y, Y,
1 6 25 710 84.6 14.6
2 6 25 710 85.3 15.2
3 5 25 760 83.3 17.6
4 6 40 760 85.7 21.8
5 7 25 760 86.8 15.6
6 6 10 760 84.2 18.9
7 7 25 660 83.6 16.7
8 6 10 660 82.5 20.3
9 6 25 710 86.3 17.2
10 6 25 710 85.6 16.5
11 5 10 710 79.8 18.2
12 7 10 710 84.5 18.7
13 6 40 660 87.6 20.6
14 7 40 710 85.3 19.6
15 5 25 660 84.6 16.3
16 6 25 710 86.2 15.8
17 5 40 710 84.7 21.6
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Table 4 Variance analysisof regression model

FEKUE PR AMEE Br

Source of Sum of Degree of Mean F P

e
izt
Index .

variance squares freedom  square

i Model 48.89 9 5.43  10.64 0.0025**

A 7.61 7.61  14.90 0.0062* *
B 18.91 18.91  37.05 0.0005* *
c 0.36 0.36  0.71 0.4280
AB 4.20 420 823 0.0240*
- AC 5.06 5.06  9.92 0.0162*
/35”5"@”&% BC 3.24 324 6.35 0.0398*
Residual film .
A? 6.32 6.32  12.38 0.0097**
recovery rate
B? 2.69 2.69  5.28 0.0552
c? 0.17 0.17  0.33 0.5836
5% 2% Residual 3.57 0.51
JHL Out of order 1.63 0.54 1.12 0.4395
%24 Emor  1.94 0.48

BRI Total  52.46
ikl Model 83.94

9.33  12.05 0.0017* "

B W Ad—m e e mmmem e Ol R WA, e e e e e e

A 1.20 1.20 1.55 0.2530
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AC 1.44 1.44 1.86 0.2149
e BC 4.00 4.00  5.17 0.0572
Inclusion rate A2 0.30 0.30 0.39 0.5525
B? 65.11 65.11  84.10<0.0001 * *
c? 3.86 3.86 499 0.0607
5% 7 Residual 5.42 0.77
A8, Out of order 1.19 0.40 0.37 0.7773
%% Emor  4.23 1.06

A Total  89.36 16

T o*  P<0.05 KB « « P<0.01 KPR B3
Note: : significant at P<0.05; * * significant extremely at P<
0.01.
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