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ABSTRACT

Draft force determination of tillage tools is the first step for tool design based on mechanics of material and
required energy. For this purposgpmathematical models have been presented which most of them are based on
Terzaghi’s theory. The success“of the model’s equation to predict the soil resistance not only depends on the
accuracy of dimensionless\Nsfactors, but also on how these factors are acquired. Some models use nomograms
and charts to determing dimensionless factors, which are time-consuming and complex. In the present study, an
intelligent nonparametrlc model has been proposed in which an artificial neural network was employed to
determine the soil draft force. The results demonstrate that the model is more accurate to determine the draft
force and reduce.calculation time. It means that there is no need to apply charts for obtaining coefficients and it
will be suitable as the estimating models.

Keywords: Tillage tool, draft force, soil resistance, intelligent model, neural network
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Table 1. Soil mect\}anical properties using for modeling

Soil Internal friction  Soil-metal  Cohesion Adhesion Bulk density
angle friction (c, kPa) (c,. kPa) (v kNm™)
(. deg) angle

(8, deg.)

Clay 1 373 273 13s 94 1.5

Clay 2 298 252 353 8.1 110

Sandy clay loam | 60 233 63 22 145

Sandy clay loam2  33.) 22.1 IL9 2.7 13.2
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Table 2. Various factors affected on tine force

Sail Rake angle Tool Tool Modified model McKeys-Ali model Meas,
{ur, ﬂt;g.} witlth WL l:ills - —— M
{w,m) depth J N, P H B N, P H
i, m)
Ulay 1 20 13 0,063 U4 103 313 154 813 113 314 21.56 2.50
0 0.25 0.063 620 169 B.15 639 664 16.8 B.23 .46 483 N
20 LI K] 0.125 55.5 708 382 329 562 708 382 330 263
20 .25 0,125 58.5 1.0 044 1.74 608 9495 947 176 710
20 115 0.20 el 541 4.60 &6 519 541 4.61 4.6 393
0 0,25 0,20 55,8 727 109 229 5606 727109 .30 B73
135 0.15 0.063 40.8 349 3.68 333 4% B4R 368 333 287
35 0.25 0063 501 127 945 Bol s0.4 1Ly 4w H.0 [ ]
15 015 0.125 475 5.35 4.49 422 458 534 4.50 4.23 3.50
15 0.25 0.125 493 748 109 10t 48.1 T48 109 10.1 8,00
15 15 020 456 4.2 5.43 .21 4358 4,11 445 523 457
15 025 020 47.6 348 126 11.8 46.0 54T 116 1.9 10.7
Clay 2 0 025 0063 -t - - - - - - - 4.43
0 015 0125 63.2 5.83 342 2.B5 A = - - T
2} 0.25 0023 - - - = - - - - 5.50
0 015 020 59.4 4.55 417 363 60S 4.55 4,18 363 4.60
0 025 020 616 597  9& 700 _® - - - 6.47
i3 (F ] [LTN L 568 647 54 2.h3 571 64T 314 2R3 227
35 0.25 0063 386 943 .99 713 3.9 943 B.00 713 5.23
35 s 0125 BER 4,17 3.89 3590 524 417 3.50 160 280
35 0.25 0.125 561 573 0.33 846 560 5.73 933 B4 610
35 LR 3 020 5l.6 3. 4.76 448 492 326 478 4.50 4.00
35 028 0,20 540 427 109 10.0 519 427 109 10,0 B.63
Sandy clay 20 0.25 0.063 3 - - =* - - - 1.43
foam § 20 LER 0.125 584 6.35 1%, 1) 072 44 6.31 0.90 073 0.93
20 0.25 0.125 833 8.78 2.45 1.87 - - - - 1.93
20 015 02X 546 492 107 o2 597 491 1.04 0.52 0,50
20 .25 0.20 59.2 .50 184 227 @5.0 01,4 292 .30 1.21
35 0.13 0063 530 7,30 0,73 065 3.0 7.30 073 0.65 0.73
35 025 0.063 549 108 206 1.80 561 0.8 206 1.80 1.57
35 15 0125 500 4.67 091 083 504 4.57 0.1 083 1.17
35 .25 0.125 524 6,45 242 215 531 .46 242 218 243
i5 15 0.H 477 363 142 104 475 363 112 1.04 1.4
i5 0.25 020 5003 478 283 251 506 4758 283 257 1.67
Sandy clay 20 015 0063 . - - . - - 0.47
loam 2 20 0.25 0.063 =" - - - - - - - 1.80
20 015 0125 633 582 1.29 1.0 - - - - 43
20 0.25 0.125 =" - - - =* - - - 1.BY
20 015 020 593 457 £.58 1.248 a8l 4.55 1.59 .79 067
20 025 i 1] 64.0 595 192 300 = - - - 180
35 015 0063 587 6.51 112 098 581 6.51 11z 0.98 1.23
> 15 25 0063 586 9.54 299 257 60E 952 3.00 258 270
15 15 0.125 536 421 [.40 1.24 537 421 1.40 1.24 [
35 0.25 0,125 56.0 578 1.50 e 570 578 3.51 106 313
a5 o5 0.30 503 33 LT 1.55 s03 33 1.7 1.56 1.77
15 025 0.20 539 431 4. 10 jed 519 4.3] 4.10 364 i

“Angle 3 goes 1o 97 in the model, which is not reasonable,
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