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Prediction of Optimum Capacity for Tractor Drawn Liquid

Manure Tank Spreader by Computer Simulation
Lee, K. S.

College of Life Science and Natural Resources, SungKyunKwan University.

Summary

A computer simulation was carried out to investigate the optimum capacity of liquid manure
tank spreader which is used as a tractor attachment. Soil physical properties, such as soil
moisture content, bulk density, soil hardness and soil types were measured in the 10 major rice
production area for computer simulation. Mathematical model which include soil physical
properties and vehicle factor was used for computer simulation.

Most of the soil type of the investigated area was sandy clay loam. Soil moisture content
ranged between 30 and 40% mostly. Soil bulk density was in the range of 1,500 to 1,700 kg~
m’. Soil hardness ranged between 1 to 18 kg/cm’. Soil hardness incorporate the effects of many
soil physical properties such as soil moisture content, soil type and soil bulk density, and so the
range of soil hardness is greater than any other physical properties.

The capacity of liquid manure tank spreader was above 3,000 kg; for the most of the
investigated areas, and mostly in the range of 4,000 to 6,000 kgr depending upon the slip. But
for the soft soil area such as Andong and Asan, the tractor itself has mobility problem and
shows no pulling force for some places. For this area, the capacity of liquid manure tank
spreader ranged between 1,000 and 2,000 kgr mostly, so the capacity of liquid manure tank
spreader should be designed as a small capacity trailer compared to the other area.

(Key words : Liquid manure tank spreader, Tank spreader capacity, Soil physical properties,
Computer simulation)
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Table 1. Specification of experimental tractor and trailer

Item Tractor Ttailer
Axle weight Front 1200(min) / 1350(max) 1300
(ke Rear 1800(min) / 1950(max)
Tire diameter Front 1l 78
(cm) Rear 151
Tire width Front 28.3 0
(cm) Rear 35
Axle width(cm) 220 -
Hitch height(cm) 33~50.8 46.5
Driving method 4wheel drive Towed wheel
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Table 2. Soil physical properties

Moisture Bulk CI Composition
Region Content Density Texture
(%) (kg/m?) (kg/em?) | Sand(%) | Silt(%) | Clay(%)
Pyeongtaek-1 32.168 1697.5 5.28 56.7 32 11.3 SL
Pyeongtaek-2 36.03 1604.5 12.85 37.2 474 15.4 L
Pyeongtaek-3 37.646 1588 7.68 19 58.3 22.7 SiL
Ganghwa-1 35.101 1687.6 8.33 1.6 75.3 23.1 SiL
Ganghwa-2 28.123 1596.3 14.23 6.2 72.9 20.9 SiL
Ganghwa-3 35.012 1577.2 3.48 6.4 73.4 20.2 SiL
Tksan-1 34.94 1633.5 7.83 11.4 62.8 25.8 SiL
Iksan-2 51.48 1502 4.65 12.9 61.3 25.8 SiL
Iksan-3 44297 1643 5.58 8.4 62.7 28.9 SiCL
Andong-1 24.628 1712.7 1.93 57.2 29.9 13.9 SL
Andong-2 21.856 1809.5 4.20 493 38.3 12.4 L
Andong-3 37.302 1729.6 7.75 74.6 17.4 8 SL
Sangju-1 28.606 1535.4 13.10 26.4 53.9 19.7 SiL
Sangju-2 38.52 1540.3 8.35 20.6 57.5 21.9 SiL
Sangju-3 30.793 1552.2 9.73 35.1 44.8 20.1 L
Milyang-1 29.49 1453.5 17.98 5.6 69 254 SiL
Milyang-2 34.681 1360.2 15.55 9 67.8 23.2 SiL
Milyang-3 27.733 1393.4 5.60 14 57.2 28.8 SiCL
Namyang-1 27.165 1748 2.56 4.1 69 26.9 SiL
Namyang-2 33.384 1762 1.63 10.1 69.6 20.3 SiL
Namyang-3 23.037 1547.5 4.42 5.1 74.6 203 SiL
Kimhae-1 33.505 1524.4 13.75 6.6 713 22.1 SiL
Kimhae-2 25.578 1562.7 12.00 4.6 70 254 SiL
Kimhae-3 34.954 1530.9 7.53 52 60.4 34.4 SiCL
Kimpo-1 37.962 1572.7 12.80 7.6 72.8 19.6 SiL
Kimpo-2 40.187 1643.3 8.63 7 78.7 14.3 SiL
Kimpo-3 37.385 1577.5 5.65 32 58.2 9.8 SiL
Asan 27.489 1525 14.48 22 80.0 17.8 SiL
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Table 3. Rredicted trailer capacity for animal slurry manure injector

(unit : kgy)
Slip (10%) Slip (15%) Slip (20%)
Region Fr(1200kgf) | Fr(1350kgf) | Fr(1200kgf) | Fr(1350kgf) | Fr(1200kgf) | Fr(1350kgf)
Rr(1800kgf) | Rr(1950kgf) | Rr(1800kgf) | Rr(1950kgf) | Rr(1800kgf) | Rr(1950kgf)
1 2281.404 | 2305966 | 2820.449 | 2896.738 3128.148 | 3246.133
Pyeongtaek | 2 5802.294 | 6054.575 6164.767 6488.532 | 6300.226 | 6659.639
3 3629.964 | 3732448 | 4136.557 | 4304.859 | 4388.307 | 4601.209
1 3952.076 | 4072.575 4440.895 4631.828 | 4676.372 | 4911.488
Ganghwa | 2 6269.131 6657222 | 6593.578 6950.709 | 6705257 | 7094.671
3 1030.325 983.956 1544.038 1541.165 1872.113 1902.948
1 3707.730 3812.458 4208.439 4382.051 4456.428 4674.576
Iksan 2 1875.809 1875.409 | 2409.622 | 2459.513 2728.093 | 2817.353
3 2469.961 2501.497 | 3004.958 | 3093.474 | 3306.629 | 3437.699
1 | —465.183 | —692.236 —48.996 —66.784 370.953 295.541
Andong 2 1565.654 1548.824 | 2094.272 2142.605 2418339 | 2485.987
3 3667.716 3769.903 4170.230 | 4341.016 | 4420.225 | 4635.583
I 5889.642 | 6148.567 | 6245.098 6575.123 6375.997 | 6741.068
Sangju 2 3961.650 | 4082.776 | 4449.973 4641.587 | 4684.952 | 4920.731
3 4588.296 4751.841 5039.907 5276.360 5341.309 5520.062
1 7378.290 7753.591 7610.989 8046.126 7674.255 8132.677
Milyang 2 6683.645 7004.055 6973.664 7360.199 7065.716 7481.282
3 2482.126 | 2514.332 3017.023 3106.347 3318.275 3450.205
1 240.378 137.115 730.493 676.091 1053.679 1030.466
Namyang 2 |-1041.979 |—2045.122 | —359.235 | —547.164 —19.866 | —138.458
3 1719.351 1710.676 2250.912 2290.892 2572.499 2650.833
1 6110.896 | 6386.769 | 6448.360 6794207 | 6567.926 | 6947.237
Kimhae 2 5495.301 5724.468 5881.948 6183.670 | 6033.743 6373.111
3 3556.314 3651.491 4063.631 4226.574 4319.142 4526.724
1 5784.668 6035.613 6148.551 6471.053 6284.935 6643.204
Kimpo 2 4094.130 | 4223998 | 4575.383 4776.436 | 4803.409 | 5048.340
3 2512.436 | 2546.313 3047.061 3138399 | 3347.259 | 3481.329
Asan 1 6349.900 6644.254 6667.666 7030.545 6775.397 7169.944
* Fr: ghul A& 8F, Rr: RS 3%
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