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Abstract

In this study, we developed a simulation program for the prediction of tractive performance of a tractor, by applying a
widely used empirical model for tractive performance prediction of single tire, Brixius. The tractive performance prediction
program can readily predict and estimate tractive performance according to various soil conditions and different
specifications of tractors. The program was developed with the considerations of tractor's specification-related parameters
(e.g., weight, tire size, and wheelbase of the tractor), a soil parameter (i.e., cone index which represents the soil strength),
and operating conditions of the tractor (e.g., theoretical speed and driving types such as 2WD and 4WD). Also, the program
was designed to provide tractive performance prediction results of tractors such as gross traction, motion resistance, net
traction, and tractive efficiency, in the form of not only numerical values but also graphical visualization. To evaluate the
feasibility of the program, we input three different soil conditions (which have different cone indexes each other) and
tractor operating conditions to the program and analyzed the tractive performance from each input condition. From the
analysis, it can be concluded that the developed program can be effectively utilized to predict the tractive performance
under various soil conditions and driving types of tractors with different specifications.
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where, B, : mobility number, (dimensionless)
b :unloaded tire section width, (m)

d :unloaded overall tire diameter, (m)

h :undeflected tire section height, (m)

§ :tire deflection, (m)

CI :average cone index(0-15cm), (kPa)
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where, GT,: gross traction of a tire, (kN)

MR, : motion resistance of a tire, (kN)
NT, : net traction of a tire, (kN)

W : static load of a tire, (kN)

S : slip, (decimal, 0-1)
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where, Wy, Wp,: dynamicload of front and rear tire by
weight transfer, (kN)

W, W. : static load of front and rear tire, (kN)

h : the height of drawbar point, (m)

L : wheelbase, (m)

NT : net traction of a tractor, (kN)
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where, GT : gross traction of a tractor

MR : motion resistance of a tractor
NT : net traction of a tractor
GT;,GT, : gross traction of front and rear tire by

weight transfer
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Parameters, 3) Soil Parameter, 4) Operating Parameters %
5) Save into a File 5 579 8 W72 LA ATH 13 1).
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of whE EHE 9 A s =82S HolFaL Qi E

B Tractor Performance Prediction Model [.;E_J

Mode Selection

Tractor Parameters

Tractor Maker [ LSYEE
Model Name LT4700
Tractor Power 45 pg

Tractor Weight (W) | 235 kef
Tractor Wheelbase 'W m

Front Tire Size [958 -[=0
Rear Tire Size ’T - [

Ratio. Front weight to W [ &0 %
Tractor Hitch Height 04 m

Run Back

Tractor Performance Parameters

@@ Existing Tractors  Add a New Tractor

Maker [LSH®EE - Model |LT4700 -

Soil Parameter

Soil Cone Index 576 kPa

Operating Parameters

Driving Type & 2WD O AWD
No Load Speed £  km/h

# Save into a File?

C:2WD. bl Lo

Exit

Figure 1. Input parameters screen of simulation program.

5, Tractor Performance Prediction Model

[===)

Recommandation

Actual speed (km/h)

o

7

o

Tractive Efficiency (%)
Gross traction (kgf}
Motion resistance (kgf)
MNet Traction {kgf}

Net Traction ratio

3

Axle Power {PS) 7.83

r~
fu
[r]
bl
[=1]
[r-]
e
=]
[r-]

Tractor Performance Simulation Results

Driving Type : WD No load speed (km/h) : [ Tractor Power (P5) :

Maximum Tractive Efficiency (%) : 62.8 Slip (%) : 14 Actual Speed (km/h) :
Net Traction (kaf) : 597.3 Axle Power (P5) : 15.14
Slip (%) 5 10 15 20 2

mH

MR

DP

(kat}

a
0 20 40 g0 an 100
Slip (%)

H : Gross traction MR : Motion Resistance
DP : Met traction TE : Tractive Efficiency
Exit

K

4.3

Figure 2. Output screen of traction prediction simulation program.
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% BN geEpas =dr) SH U =auio
ZR1F(gross traction), 25 #3{motion resistance), 72

2 (net traction), A & & (tractive efficiency), i}-%ijlﬂl-
Ei‘(axle power) Z12|3L 3 S o A EZE o] AA| A&
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(10) 2} (11) o] I3} Ak

NT
TE = GT(l—S)xlOO (%) (10)
(6T )% () (1)

where, TE : tractive efficiency, (%)

P.. : driving axle power, (PS)
GT : gross traction of tractor
V, : theoretical velocity
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Ao ol AL E R = LAfe] 4501 E e o]n] 3t
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3, AlBElo|4 T2 TRlel A =yl BelA S Lt

W A Hp2 ARG5S ] 98l =] 58 A 0] = E4F 143
o JO = ZF) S
= A HREsto] B S0l EAS S S ol 1471 A
P
o] % Eopo] YRA47} 1 2 A odat 2 A ofolA] 22
3 2|3 9A47H 57091 Ao 13 5 DR ghe] Rl
7hrEs] Ui A1 33k AAsto] AlE ol e g0l B
P = o
OF Qe AL A A28 22k A8 A WA,
=] Z [e)¥e)
AE AN FAE, A7 oA Y =EFo=A Al A
o] 0] ¢]2 2] 2= 71711393.2 kPa, 603.6 kPa, 226.7 kPa o]t}
(3£2).
f | 2wDixt - HEF =REC X
oMUF) FHEE MAQ) 27NV ESZH)
Input Parameters =
- 3oil Cone Index(CI) 526 kPa
- Tracter Power 45 P3
- Tractor Weight(W) 2395 EM
- Wheelbase(L) 1850 m
- Hitch Height(h) 0.4 m
- Front Tire Diameter( df) 95-20 inch
- Rear Tire Diameter{rf) 13.6-28 inch L
- Tractor Hitch Height 0.4 m T
- Driving Type : ZWD
SHp(%) G_T(kef) MR(szf) N_T(kgf) TE(%) Valkmh) Asle P(PS)
1] 575 201, -143.5 -249.68 G 1.06
142, 202.4 -60.4 -42,1 4,95 2.63
2 2e0.d 203.8 16.6 T.39 4.9 4.08 |
3 293.2 206.2 aa. 29.11 4,85 5.43
4 360.7 206.6 154.1 41,01 4.8 £.68
5 423.4 208.1 21h.3 45,31 4,75 T.83
6 481.5 209.5 ara 531 4.7 891
T 536.4 210.9 J24.5 56.37 4,65 9.91
8 5854 212.3 T3l 58,64 4.6 10,83
9 631.8 213.7 415.1 60.22 4,55 11.69
10 674.8 21h.1 459.7 61.31 4.5 12.49
11 714.8 216.5 4983 £2.04 4,45 13.23
12 Thl.8 217.9 533.9 62.49 4.4 13.91
13 T86.2 219.3 566.9 62.73 4,36 14,55
14 a18.1 220.8 597.3 62.79 4.3 15,14
15 8477 2222 62R.5 62,72 4.2k 15.69
16 g7h6.1 223.6 E51.6 62,54 4.2 16.2
17 900.6 22h. 675.6 62.27 4.1k 16.67
18 924.2 226.4 £97.8 £1.91 4.1 17.1
19 946.1 227.8 T15.3 61.5 4,05 1761
20 966.5 229.2 7373 61.03 4, 17.89
21 9853 230.6 Th4.7 60.51 3.95 15.23
22 1002.9 232, 0.8 59.95 3.9 18.56
23 10191 233.5 785.6 59.36 3.85 15.86
24 1034.2 234.9 799.3 58,74 3.8 19.14
25 1048.1 236.3 811.9 58.09 375 19.4
2B 1061.1 2377 g23.4 57.42 BN 19.64
2t 1073.1 233.1 834 56.74 3.65 19.86
28 1084.3 240.5 843.8 56.03 3.6 20,07
29 1094.6 241.9 a52.7 56,31 3.55 20.26
30 1104.3 243.3 860.9 54,57 3.5 20,44 i
1 | I | 2

Figure 3. Snapshot of the exported text file of the tractive perfor;
mance prediction results.

Table 1 Specifications of tractor used for simulation

Model Power (PS)

LT470D 45 1,850

Wheelbase (mm)

Vehicle weight (kgf) Tire size

Front 9.5-20 4PR

Rear 13.5-28 6PR

2,395
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ol 27l mh M s Agae e Srleie Ao s Ml HEoR s

2, Bgxe| e 2o Ay F A e THOH AR TS AN 2R S 45 o] ESE A e
EPYEIL E PAE, PAHE, 0] Al BFROAH A
Heo|4 32 1lo] o3 ol & A% 23} A& Afolck

2500
B yeongsung—dong GT
== Yangjeon—dong GT
2000 |  —==-Bubal-ew GT 2500 100
—— Byeongsung—dong MR —Eyeopgsuné:;—don% NT
- [P == Yangjeon-dong —_
21500 | sbuaamm 2000 | = }angieonrdon a0 8
E’ 5 —— Byeongsung—dong TE S
= = 1500 — -+ Yangjeon—dong TE 60 g
% 1000 8 ==+« Bubal-ew TE :8
T :§ 1000 - 40 E
b} = [ - en o= o= o] <]
500 = . E
] ., RN 5
Z 500 |f el ___| 20 E
0 L -
0 20 40 60 80 100 0 R0
Slip (%) 0 20 40 60 80 100

Slip (%)
Figure 4. Gross traction (GT) and motion resistance (MR) predic-

ted by simulation program at three soil conditions for tractor of 2WD. Figure 6. Net traction (NT) and Tractive efficiency (TE) predicted
by imulation program at three soil conditions for tractor of 2WD.

5000
= B yeongsung—dong GT 5000 100
| = Yangjeon-dong GT = Byeongsung-dong NT
4000 = = +Bubal-eup GT = ‘Yangjeon-dong NT _
Byeongsung—dong MR o 4000 = = :Bubal-eup NT 180 ®
& 3000 — - -Yangjeon—dong MR 2 2 Eyeongsundg-m?gE TE &
= [ eeeee - = R > — -+ Yangjeon—dong
5 Bubal-euw MR £ 3000 | X\ ----Bubalop 160 §
~ = - abey ' 2
o g L. * =
= £ 2000 ff d a0 g
= z 3
) =4 9
1000 E
0 il i 1 | 0 >
0 20 40 60 80 100 0 20 40 60 80 100
Slip (%) Slip (%)

Figure 5. Gross traction (GT) and motion resistance (MR) predicted Figure 7. Net traction (NT) and Tractive efficiency (TE) predicted
by imulation program at three soil conditions for tractor of 4WD. by imulation program at three soil conditions for tractor of 2WD.

Table 2 Soil properties of paddy field used by simulation program

Average Cone Index (kPa)

Region Moisture Content (d. b.) (%) Unit weight (kg/ms)
0-15cm
Bubal-eup 55.23 1554 226.7
Yangjeon-dong 35.07 1811 603.6
Byeongsung-dong 18.84 1748 1393.2
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Figure 8. Gross traction and motion resistance predicted by simula-

tion program for tractor of two different driving conditions (2WD and
4WD).
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ation program for tractor of two different driving conditions (2WD
and 4WD)
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