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Optimization of Sugarcane Seed Cutting Tool
Parameters Based on Orthogonal Test
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[ Abstract] To address the current situation of low flatness, poor cutting quality and cane bud damage at the cane cutter due to insuf-
ficient optimization of the structure and motion parameters and installation coordination of the cutting tool of the cane seed cutter. Finite
element cutting simulation tests were conducted using single-factor tests on the distance between the cutting edge and the pivot point of
the transport roller, tool drop speed, tool installation offset angle, tool front angle and tool back angle of the cane seed cutter to deter-
mine the evaluation indexes affecting the cane seed cutting quality and the trend of the influence of each factor on this index. The sig-
nificant interaction effect of each factor on the evaluation index was analyzed based on the rotating orthogonal test, and the quadratic
polynomial regression model of the orthogonal test results was obtained. Combining the agronomic requirements with the cutting charac-
teristics of the tool, the optimal evaluation index was established, the optimized optimal combination of parameters was obtained, and
the cutting section simulation test and bench validation test were conducted. The final selection results are as follows: the distance be-
tween the incision and the fulcrum is 177. 944 mm, the tool landing speed is 1. 569 m/s, the tool installation offset angle is 5. 923°,
the tool front angle is 10. 899°, and the tool back angle is 8. 637°. The equivalent stress at the incision site and the sugarcane shoot
site are 5. 053 mm and 1. 592 MPa, respectively. The comprehensive analysis error rate is 4. 97% . This study can provide a research
basis for the optimization of the structure parameters and installation parameters of sugarcane seed cutting knife and its motion parame-
ters, so as to improve the seed cutting quality of cane.

[ Keywords] rotational orthogonal test; parameter optimization; finite element simulation; response surface analysis; sugarcane cut-

ting tool
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Fig. 1 Schematic diagram of the entire sugarcane

seed-cutting device
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Table 1 Mean mechanical properties of sugarcane stalks
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Fig. 2 Sketch of sugarcane cutting mechanism
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Fig. 3  Simulation of cutting experiment process
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Table 4 Results of orthogonal experiments
S X 5Un VIEN=Y ANy JI B WAR=N (i VARIE=N= & (V4 Yl Ak 454 FEZFAb A5
[8] 5,/ mm HE/ (mes™!) B/ (°) (°) (°) S AE/mm R 41/ MPa
1 200 2 4 11.0 11.0 3.18 1.47
2 200 3 6 7.5 7.5 9.51 0.69
3 160 2 4 7.5 11.0 3.20 0.89
4 200 3 4 4.0 7.5 6.32 0.82
5 200 1 6 7.5 7.5 8.90 2.53
6 200 2 6 7.5 4.0 2.79 2.37
7 200 1 4 7.5 4.0 9.61 2.51
8 240 2 4 11.0 7.5 3.01 1.48
9 200 2 4 7.5 7.5 3.07 1.13
10 200 2 2 7.5 1.01 1.65 1.83
11 200 2 4 7.5 7.5 3.07 1.13
12 160 2 4 4.0 7.5 5.31 1.65
13 240 2 4 7.5 4.0 5.16 2.96
14 200 2 6 11.0 7.5 4.15 0.80
15 200 2 4 7.5 7.5 3.07 1.13
16 200 1 4 11.0 7.5 8.00 2.36
17 240 2 4 7.5 11.0 2.95 2.29
18 200 2 4 4.0 4.0 4.10 1.83
19 200 1 4 .5 11.0 6.84 2.33
20 200 2 2 11.0 7.5 5.66 2.05
21 200 2 4 4.0 11.0 5.86 0.93
22 200 3 4 11.0 7.5 11.15 1.35
23 240 2 6 7.5 7.5 6.05 1.27
24 200 2 6 7.5 11.0 6.29 0.90
25 240 2 4 4.0 7.5 5.20 1.61
26 200 2 2 7.5 4.0 8.60 2.12
27 160 3 4 7.5 7.5 7.57 0.79
28 200 2 4 7.5 7.5 3.07 1.13
29 160 2 6 7.5 7.5 3.50 1.71
30 200 3 4 7.5 11.0 8.96 0.71
31 160 2 4 11.0 7.5 6.36 1.53
32 200 2 4 7.5 7.5 3.07 1.13
33 160 1 4 7.5 7.5 10. 88 3.59
34 200 3 2 7.5 7.5 8.45 1.96
35 240 1 4 7.5 7.5 5.02 2.45
36 160 2 4 7.5 4.0 6.79 1.37
37 200 2 4 7.5 7.5 3.07 1.13
38 200 3 4 7.5 4.0 8.53 1.36
39 200 2 6 4.0 7.5 6.40 1.53
40 200 2 4 11.0 4.0 7.67 1.27
41 240 3 4 7.5 7.5 10.08 1.93
42 160 2 2 7.5 7.5 6.98 1.97
43 200 1 2 7.5 7.5 6.65 2.74
44 200 2 2 4.0 7.5 3.02 1.46
45 240 2 2 7.5 7.5 2.92 2.78
46 200 1 4 4.0 7.5 8.16 2.47
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Table 5 Analysis of variance for the equivalent effect Table 6 Analysis of variance for the quadratic polynomial
variable quadratic polynomial model at the incision model of the equivalent force at cane shoots
i 2RI IR B Y175 P ek UE-2S SR | A ¥y P M
BRI 283.06 20 14.15 < 0.0001 HBH 8| 18.97 20 0.9485 < 0.0001 M3
A 6.50 1 6.50  0.000 8 LiaTES A 0.668 3 1 0.6683 0.0120 E
B 2.65 1 2.65 0.0227 B B 8.08 1 8.08 < 0.0001 aTES
Cc 0.8372 1 0.8372 0.1845 c 1.63 1 1.63 0.000 3 W
D 3.65 1 3.65 0.017 7 B D 6.250 x10° 1 6.250 x10° 0.993 5
E 12.82 1 12.82 < 0.0001 i E 1.23 1 1.23  0.001 1 e 2%
AB 17.51 1 17.51 < 0.0001 e AB 1.30 1 1.30  0.0009 e
AC 10.92 1 10.92 < 0.000 1 LiaTES AC 0.390 6 1 0.3906 0.048 8 e
AD 2.62 1 2.62 0.0233 AD 0.000 0 1 0.0000 0.9869
AE 0.476 1 1 0.476 1 0.3132 AE 0.009 0 1 0.0090 0.7555
BC 0.354 0 1 0.3540 0.3832 BC 0.4356 1 0.4356 0.0383 BFE
BD 5.23 1 5.23 0.007 4 BD 0.102 4 1 0.1024 0.2990
BE 2.56 1 2.56 0.024 9 BE 0.055 2 1 0.0552 0.443 4
cD 5.98 1 5.98 0.001 2 CD 0.280 9 1 0.2809 0.0912
CE 1.56 1 1.56 0.031 8 CE 0.348 1 1 0.3481 0.0618
DE 9.77 1 9.77 < 0.000 1 LiaTE S DE 0.302 5 1 0.3025 0.0803
A? 5.71 1 5.71 0.001 5 A? 2.06 1 2.06 < 0.0001
B? 172.51 1 172.51 < 0.000 1 B? 2.29 1 2.29 < 0.0001
c? 6.36 1 6.36 0.000 9 c? 1.10 1 1.10 0.001 9
D? 9.13 1 9.13 0.000 1 D? 0.001 7 1 0.0017 0.8940
E? 7.20 1 7.20 0.000 5 E? 0.440 2 1 0.4402 0.037 4
52 11.24 25 0.449 4 i 2.28 25 0.091 0
KT 11.24 20 0.561 8 I 2.28 20 0.113 8
W% 0.000 0 5 0.000 0 4fiik2z  0.000 0 5 0.000 0
BEH 306.83 45 B 21.25 45
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Fig. 5 Interaction effect response surface
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