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Prediction of Bulk Type Trailer Capacity in Consideration of
Soil Physical Properties of Paddy Field
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W. Y. Park K. S. Lee

ABSTRACT

A computer simulation was carried out to determinate the optimum capacity of bulk type trailer which is
used as a tractor attachment. Soil physical properties, such as soil moisture content, bulk density, soil
hardness and soil texture 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 texture of the investigated area was silty 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/em®. Soil hardness incorporate the effects of many soil physical properties such as moisture
content, texture and bulk density, and so the range of soil hardness was greater than any other physical
properties.

The capacity of bulk type trailer was above 3000 kgr for the most of the investigated area. and mostly in
the range of 4000 to 6000 kgr depending upon the siip. But for the soft soil area such as Andong and
Namyang. tractor itself had mobility problem and showed minus trailer capacity for some places. For this
arca. the capacity of bulk type trailer ranged between 1000 and 2000 kgr mostly. so bulk type trailer should
be designed as a small capacity compared to the other area.

Keywords : Bulk type trailer. Trailer capacity, Soil physical properties. Soft soil.
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Table 1 Tire-soil system parameters
Parameter Symbol Dimension
Independent variables
Soil:
Friction angle @
Cohesion c ML “'1?
Specific weight ¥ ML T’
Spissitude B MLTT!
Tire:
Diameter d L
Section width b L
Section height h L
Deflection ) L
System:
Load MLT *
Translational velocity \% MT ™!
Slip S
Tire-soil friction 7
Acceleration due to gravity g LT}
Dependent variables
Pull H F
Towed force TF F
Torque Q FL
Sinkage Z L
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Table 2 Specification of experimental trac-
tor and trailer

Item Tractor Trailer
Front 1200(min)/
Axle 1350(max)
weight - 1300
(ke 1800(min)/
Rear | 1950(max)
Tire Front 111
diameter 78
(cm) Rer 151
Tire Front 28.3
width 20
(cm) Rear 35
Wheelbase (cm) 220 -
Hitch height (cm) 33~50.8 46.5
Driving method 4 wheel drive | Towed wheel
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Table 3 Experimental soil physical properties

v 299 2Ud 548

nAH AEY Eddeg AYLF A5

Moisture Bulk Cone Composition
Region Content Density Index‘ Sand Silt Clay Texture
(%, d.b.) (kg/m") (kg/em) (%) (%) (%)
1 32.168 1697.5 5.74 56.7 32 113 SL
2 36.03 1604.5 13.35 37.2 474 154 L
Pyeongtaek -
3 37.646 1588 8.8 19 58.3 227 SiL
4 37.187 1644.5 10.35 0.8 83.7 15.5 SiL
1 35.101 1687.6 6.10 1.6 753 23.1 SiL
2 28.123 1596.3 8.15 6.2 729 20.9 SiL
Ganghwa -
3 27.228 1497.4 12.75 44 80.5 15.1 SiL
4 28.807 1558.5 11.73 8.8 76.4 14.8 SiL
1 34.94 1633.5 7.83 11.4 62.8 258 SiL
Iri 2 51.48 1502 4.65 129 61.3 258 SiL
3 44.297 1643 5.58 8.4 62.7 289 SiCL
1 24.628 1712.7 1.93 57.2 29.9 13.9 SL
2 21.856 1809.5 6.68 493 383 12.4 L
Andong
3 37.302 1729.6 1.75 74.6 17.4 8 SL
4 41.771 1640.3 10.75 53.6 34.7 11.7 SL
1 28.606 15354 11.55 26.4 53.9 19.7 SiL
. 2 38.52 1540.3 9.55 20.6 57.5 219 SiL
Sangju
3 30.793 1552.2 10.53 35.1 44.8 20.1 L
4 18.991 1542.4 17.75 40.2 40.7 19.1 L
1 29.49 1453.5 17.98 5.6 69 25.4 SiL
) 2 34.681 1360.2 15.55 9 67.8 232 SiL
Milyang -
3 33.975 1350.7 12.58 254 523 223 SiL
4 27.733 13934 11.58 14 572 28.8 SiCL
1 27.165 1748 3.00 4.1 69 269 Sil.
2 33.384 1762 1.33 10.1 69.6 20.3 Sil
Namyang -
3 23.037 1547.5 4.35 5.1 74.6 20.3 SiL
4 32.882 1698.5 1.78 39 69.8 26.3 SiL
1 33.505 15244 14.50 6.6 713 221 SiL
2 25.578 1562.7 12.00 4.6 70 25.4 SiL
Kimhae
3 34.954 1530.9 7.53 52 60.4 344 SiCL
4 23.718 1509 12.13 5.2 68.6 262 SiL
1 37.962 1572.7 12.40 7.6 72.8 19.6 SiL
) 2 40.187 1643.3 8.58 7 78.7 14.3 SiL
Kimpo
3 37.385 1577.5 7.50 32 58.2 9.8 SiL
4 33.899 1538.8 10.25 27.8 66.9 53 SiL
Asan 1 27.489 1525 14.48 22 80 17.8 SiL
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Table 4 Predicted bulk trailer capacity by computer simulation

(unit : kgy)
Slip (10%) Slip (15%) Slip (20%)
Region Fr(1200kgf) | Fr(1350kgf) | Fr(1200kgf) | Fr(1350kgf) | Fr(1200kgf) | Fr(1350kef)
Rr(1800kgf) | Rr(1950kgf) | Rr(1800kgf) | Rr(1950kgf) | Rr(1800kgf) | Rr(1950kgf)
1 2566.620 2603.500 3100.682 3195.634 3398.955 3536.854
2 5975.721 6241.220 6324.211 6660.398 6450.662 6821.289
Pyeongtack
3 4173.182 4308.325 4650.028 4856.726 4873.861 5124.237
4 4849.977 5031.989 5284.062 5539.337 5471.115 5767.561
1 2778.747 2827.549 3309.664 3418.881 3599.919 3752.804
Ganghwa 2 3865.230 3980.073 4358.442 4543.205 4598.414 4827.511
3 5766.991 6016.595 6132.285 6453.519 6269.598 6626.720
4 5394.367 5616.023 5788.768 6083.231 5946.019 6278.743
1 3707.730 3812458 4208.439 4382.051 4456.428 4674.576
Iri 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 3105.962 3173.745 3629.173 3760.750 3905.718 4081.690
3 3667.716 3769.903 4170.230 4341.016 4420.225 4635.583
4 5012.940 5206.656 5435.566 5702.573 5613.663 5921.044
1 5326.115 5542.719 5725.696 6015.249 5886.654 6214.871
Sangju 2 4510.145 4668.256 5197.599 5172.425 5445.865 5445.865
3 4923.859 S111.159 5352.798 5613.391 5535.790 5837.201
4 7315.912 7686.259 7553.679 7984.522 7619.294 8073.913
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 5706.489 5951.516 6076.593 6393.486 6217.102 6570.287
4 5337.544 5554.993 5736.262 6026.637 5896.599 6225.570
1 637.990 566.843 1138.535 1110.971 1465.306 1469.429
2 Error Error -994.853 Error -512.954 ~746.443
Namyang
3 1670.891 1659.649 2201.600 2238.529 2524.032 2598.991
4 ~698.124 -1071.150 -143.557 -286.778 183.409 89.480
1 6356.314 6651.167 6673.548 7036.884 6780.969 7175.922
. 2 5495.301 5724.468 5881.948 6183.670 6033.743 6373.111
Kimhac 3 3556.314 3651.491 4063.632 4226.574 4319.142 4526.724
4 5543.293 5776.049 5926.218 6231.390 6075.423 6417.950
1 5641.748 5881.894 6016.966 6329.212 6160.914 6590.876
. 2 4070.683 4198.995 4553.216 4752.596 4782.479 5025.793
Kimpo 3 3540.965 3635.184 4048.920 4210.783 4305.181 4511.689
4 4808.533 4987.593 5245.469 5497.761 5434.799 5728.453
Asan 1 6349.900 6644.254 6667.666 7030.545 6775.397 7169.944
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