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Design and performance evaluation of a disc cutter for rape harvest

LI Zhong-kai', XIE Fang-ping"*", LIU Ke', TANG Xiang', WANG Xiu-shan', MAO Li-cheng'

(1.College of Engineering, Hunan Agricultural University, Changsha 410128, China; 2.Hunan Provincial Engineering
Technology Research Center for Modern Agricultural Equipment, Changsha 410128, China)

Abstract: To reduce losses through the header on a rape combine harvester, a disc cutter suitable for rape harvest was
designed. Biophysical property of single rape was studied using pendulum impact testing machine, the results showed
that the suitable height for rape cutting is 200 mm to 400 mm. Based on the self-propelled testing apparatus for rape
cutting, the single factor and multi-factor orthogonal experiments were carried out on the factors that influence
consuming power and factors influencing seed losses including cutting velocity, cutting height and cutting dip. The
results of single factor experiments showed that when the rotating speed was 700 r/min, the cutting height 300 mm and
the cutting dip 10°, 30.19 W of power was consumed and a loss of 1 162 rapeseeds was observed. The results of multi-
factor orthogonal factor experiments showed that the optimal cutting parameters included rotating speed of 750 r/min,
cutting height of 250 mm, cutting dip of 10°, apparatus forward velocity of 0.4 m/s and cutting blades of 6, which were

similar to those observed in orthogonal test 5, and 36.39 W of power was consumed with a loss of 895 rapeseeds.
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Table 1 Levels and factors of orthogonal experiments
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A/(m-s™) B/mm C/(°) D/ E/(m's™)
1 1(600) 1(100) 1(0) 1(2) 1(0.2)
2 2(750) 2(250) 2(10) 2(4) 2(0.4)
3 3(900) 3(400) 3(20) 3(6) 3(0.6)
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Fig.3 Structural sketch of self-propelled testing apparatus for cutting
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Table 2 The average of power consumed and rapeseed losses

with different cutting heights

/mm /mm " /(kJ-m™) /
100 13.720 17.50 118.429 68
200 11.100 10.00 103.392 56
300 8.930 6.00 95.847 51
400 8.275 4.75 88.367 56
500 7.500 425 96.249 69
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Fig.4 Power consumption and rapeseed losses with different

cutting rotate rates
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Fig.5 Power consumption and rapeseed losses with different

cutting heights
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Fig.6 Power consumption and rapeseed losses with different

cutting dips
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Table 3 The results of orthogonal test

A/ (rmin™) B /mm C/(°) D/ E/(ms™) W /
1 1 1 1 1 1 54.08 3904
2 1 2 2 2 2 71.48 2322
3 1 3 3 3 3 123.25 3642
4 2 1 1 2 2 59.75 2363
5 2 2 2 3 3 36.39 895
6 2 3 3 1 1 40.59 3362
7 3 1 2 1 3 62.30 1605
8 3 2 3 2 1 56.35 3 606
9 3 3 1 3 2 42.48 1240
10 1 1 3 3 2 52.17 1955
11 1 2 1 1 3 52.51 3037
12 1 3 2 2 1 27.93 974
13 2 1 2 3 1 39.36 2 059
14 2 2 3 1 2 51.45 1546
15 2 3 1 2 3 31.32 1491
16 3 1 3 2 3 66.68 2903
17 3 2 1 3 1 41.08 810
18 3 3 2 1 2 37.68 2332
K 381.42 334.34 281.22 298.61 259.39
K, 258.86 309.26 275.14 313.51 315.01
Ks 306.57 303.25 390.49 334.73 372.45
ki 63.57 55.72 46.87 49.77 43.23
Ky 43.14 51.54 45.86 52.25 52.50
ks 51.10 50.54 65.08 55.79 62.08
K, 15 837 14 789 12 845 15 786 14 715
K, 11716 12216 10 187 13 659 11758
Ks 12 496 13 041 17014 10 601 13 570
ki 2639 2 465 2141 2631 2453
ko 1953 2036 1698 2277 1960
ks 2 083 2174 2 836 1767 2263
R 20.43 5.18 19.23 6.02 18.84
R 686 429 1138 864 493
A, B, C, D; E
S 3Lk : [2] Hobson RN Bruce D M Seed loss when cutting a
standing crop of oilseed rape with two types of combine
[1] harvester header[J] Biosystems Engineering 2002

(1] 2013 52(9) 81(3) 281-286
2153-2157 (3]
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