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Scale Model Experiment on Lateral Stability of Tractor Affected by Multi-factors

ZHANG Shuo' LI Zhen' ZHU Zhongxiang' MAO Enrong' MITSUOKA Muneshi’ INOUE Eiji®
(1. Beijing Key Laboratory of Optimized Design for Modern Agricultural Equipment, China Agriculiural University, Beijing 100083, China
2. Faculty of Agriculture, Kyushu University, Fukuoka 8120025, Japan)

Abstract; Along with the dramatically growing use of agricultural tractors, the associated vehicle lateral
stability has been found to greatly affect operation efficiency and human safety. According to
characteristics of the low speed driving condition of tractor on slope ground, a scaled experimental system
for measuring the tire-ground reaction force was built. By applying the 3D printing technology, a scale-
model-tractor attached with implement and the random terrain surfaces for the tractor to pass over was
developed. Taking the uphill wheel load of the tractor as the main reference parameter, the lateral
stability evaluation indexes for tractor’ s front and rear wheels were proposed. The choice of tire type,
ballast weight, front and rear track widths, and implement height were selected as the control factors,
while introducing the terrain roughness in classes E and F as the noise factors. Employing the Taguchi
design of experiment, factorial significances were investigated by the corresponding ANOVA analysis.
The experimental results showed that tractor frontal ballast had the greatest impact on the front-wheel-
based tractor lateral stability, while the rear track width predominantly determined the rear-wheel-based
one. Furthermore, an optimal tractor configuration was given by taking into account the stability indexes
for both front and rear wheels. The approach provided a reference for tractor stability optimization design
and a theoretical basis for further tractor anti-rollover control.

Key words: tractor scale model; Taguchi experimental design; stochastic road; lateral stability; optimal

configuration
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Fig. 1 Experimental system
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Tab.1 Key parameters of scale model tractor

ZH B fE
£/m 0.20
/m 0.10 ~0. 16
5 /m 0.17
i hr AL i kg 0.68
HLR B it/ kg 0.15
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Fig.2 Random road surfaces processed by 3D printer
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Fig.3 Installation diagram of force sensor
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Tab.2 Scheme of Taguchi design of experiment

T T R T T
FEORE BB RR/ "
m m (AR
B kg
1 R1 Fl 0 0.10  0.10 1%
2 RI Fl 0.08 0.13 0.13 H
3 R1 F1 0.16 0.16 0.16 =1
4 R1 F2 0 0.10 0.13 8
5 R1 F2 0.08 0.13 0.16 =
6 RI P2 0.16 0.16 0.10 1
7 R1 F3 0 0.13 0.10 =1
8 R1 F3 0.08 0.16 0.13 (3
9 R1 F3 0.16 0.10 0.16 ra
10 R2 F1 0 0.16 0.16 H
11 R2 F1 0.08 0.10 0.10 =)
12 R2 Fl 0.16 0.13  0.13 IS
13 R2 2 0 0.13  0.16 e
14 R2 F2 0.08 0.16 0.10 s
15 R2 F2 0.16 0.10 0.13 =
16 R2 F3 0 0.16 0.13 =
17 R2 F3 0.08 0.10 0.16 1%
18 R2 F3 0.16 0.13 0.10 8
(@) F1 ) F2 (0) F3
(@) R1 (e) R2
B4 e R i e
Fig.4 Types of front and rear wheel tyres
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Tab.3 Experimental results

l/ 13

E 2% i F 90 i & 1 I 2% it 1Hi
1 21.00 13.00 17.00 15.00
2 22.61 27.53 22.49 14. 00
3 18. 00 20. 00 32.86 17.00
4 30. 88 1.00 28.56 9.00
5 46. 26 23.20 34.16 25.00
6 50.76 29.00 22.05 17.00
7 20. 00 11. 00 25.33 12. 00
8 24.09 14. 00 22.08 18. 00
9 25.10 19. 00 31. 14 20. 00
10 21.00 10. 00 42. 66 24. 60
11 36.19 19. 00 19. 00 9.00
12 24.38 17.00 27. 65 15.00
13 26.37 7.00 37.27 21.00
14 37.92 18. 00 22.17 11.00
15 38.71 20. 00 22.19 21.00
16 21.00 9.00 31.00 22.37
17 22.57 15. 00 39.24 21.00
18 31.71 20. 00 22.20 9.00
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Tab.4 ANOVA analysis of means and S/N of i,
S—— _ B i _ Rx _ ¥ 75 Al _ F _ P
15 e L ¥iA (L34 HE {5 L ¥iA 15 e L ¥iA fr et ¥E
JaR R R 1 1 39. 61 6. 46 39.61 6. 46 3. 06 0.25 0. 131 0. 633
T 46 56 i 25 2 2 190. 30 221.29 95. 16 110. 65 7.36 4.33 0. 024 0. 069
T T 2 2 182. 00 392.95 91.00 196. 50 7.03 7. 68 0. 027 0. 022
GO 2 2 9.98 5.42 4.99 2.71 0.39 0.11 0. 696 0. 901
J e B 2 2 22.30 86. 50 11.15 43.25 0. 86 1.69 0. 469 0.262
GINER S 2 2 2.82 8.90 1.41 4.45 0.11 0.17 0. 899 0. 844
x5 HEMGERIEAFEDN
Tab.5 ANOVA analysis of means and S/N of i,
S _ A H _ -7 ; ¥75 F ; h
(L3 HyfE (L3 ¥l (EL 3 ¥{H 15 W L BOR(EN (L3 ¥
ER ey 1 1 8.09 16.71 8.09 16.71 0.12 2.19 0.743 0.190
#4826 Y 2 2 24.25 6.96 12.12 3.48 0.18 0. 46 0. 842 0. 654
I A 2 2 18.48 22.85 9.24 11.43 0.13 1.50 0. 877 0.297
Rl 46 6 2 2 60. 58 19. 47 30.29 9.87 0. 44 1.29 0. 663 0. 341
JG B 2 2 51.87 450. 14 25.93 225.10 0.38 29. 46 0.701 0. 001
HLEAT 2 2 117.74 6.10 58. 87 3.05 0. 86 0. 40 0. 470 0. 687
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