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Fig.1. One-wheel tester and soil-bin used in experimental tests
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Table 1- Material properties of tread
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C10 (kPa) C01(MPa)
Rubber material

& 806.1 1.805
Tread
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Table 2- Estimated Young's modulus in the principal (x) and (y) directions
Aownd oS,
Belt Carcass
E, (kPa) E(kPa) E,(kPa) Ey(kPa)

ol ))91).3
Estimated

11.68 28.91 13.8 1124

Table 3- Estimated material properties and constants for the belt and carcass plies
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. . ' ransverse Young's egree of anisotropy
Material Longitudinal Young's modulus E, (kPa) modulus E, (kPa) EJE,
1) S — bl
(0r5,8) S - 05l 1124 13.8 80

Nylon-Rubber (Carcass)
(o) Szs¥ =332,

1745 13.8 125
Rayon-Rubber (Belt)
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Table 4-Measured cord angle, shear modulus and Poisson's ratio
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LIS 45l GGGy T Y Culbes
Cord angle Shear modulus ny > XI5 YXZ 1 aver thickness
o oisson's ratio
@) (Mpa) (mm)
Gyy =3.58 Vyy = 0.0053
90 Gy, =3.23 vy, = 0.49 1.7
Gy, =3.58 vy, = 0.0053
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Table 5- Measured material properties and constant
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Isotropic/Anisotropic Principle Young's modulus E, Principle Young's modulus E, Principle Young's modulus E,
P P (MPa) (MPa) (MPa)
- G
3 5lonli 1269 16.6 16.6
Anisotropic
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Table 6- Different values of speed, dynamic load and inflation pressure applied in experimental and numerical tests

oy s oo
Speed (m s™) Vi=0.25
W
Dynamic load (kN) W=1
oL Hlis
Inflation pressure(kPa) P,=100

V,=045 V;=065 V,=090 Vs=1.15
sz 2 W3: 3 W4: 4 W5: 5
P,=200 Pi=300 - -

60 A

50 A

40

30 A

(N) ilé cooglio
Rolling resistance (N)

10 A

—&— P1=100 kPa
—&— P2=200 kPa
P3=300 kPa

0.4

0.6 0.8

(ms-1) sgpin <oy
Speed (ms-1)

275 0903l 3 Voo o N (Sealion )b g calises (gladly ,Lid (3 b itle Conglio py (gg iy o poo 3l =Y S
Fig.3. The effect of forward speed on tire rolling resistance under different values of inflation pressure and dynamic
load 0f 2000 N in experimental tests
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Fig.4. Tire rolling resistance changes under different values of forward speed, inflation pressure of 100 kPa and
dynamic load of 2000 N in numerical tests
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Fig.5. Numerical and experimental results under different values of forwad speed, inflation pressure of 100 kPa and
dynamic load of 2000 N
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Fig.6. The effect of dynamic load on tire rolling resistance under different values of inflation pressure and forward
speed of 0.65 ms™ in experimental tests
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Figi.7. Rolling resistance changes under different values of dynamic load, inflation pressure of 100 kPa and forward
speed of 0.65 m's™
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Fig.8. Rolling resistance coefficient of numerical and experimental tests under different values of dynamic load,
inflation pressure of 100 kPa and forward speed of 0.65 m's™
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Fig.9. Simulated tire rolling on soil surface under inflation pressure of 100 kPa, forward speed of 0.65 ms™ and
dynamic load of a) 1000 N & b) 3000 N
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Fig.10. Soil stress distribution under inflation pressure of 100 kPa, forward speed of 0.65 m s and dynamic load of
a) 1000N & b) 3000 N
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Fig.11. The effect of inflation pressure on tire rolling resistance under different values of forward speed and dynamic
load of 2000N in experimental tests
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Fig.12. Rolling resistance changes under different values of inflation pressure dynamic load of 2000 N and forward
speed of 0.65 m s in numerical tests



AP 090 Jluows ¥ o lous d wlor (5359l o milo 4 pis  FYY

0.035 1 —®—  Experimental results
0.03 A \ Numerical results
0.025 1 ~
0.02 A
s
%0015 -
0.01 A
0.005 A
0 T T T T T 1
0 50 100 200 250 300 350
(kpa)s )Lz
Inflation Pressure (kPa)

JEOM S gy Csyu g Voo N (Seoliyd )b 5 cilisen ol (glaylid 13 05 5 634 sbagejl s = V¥ JSWo
Fig.13. Numerical and experimental results under different values of inflation pressure, dynamic load of 2000 N and
forward speed of 0.65 ms™
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Introduction: Encountering soil from the viewpoint of management and product manufacturing has always been
considered important, and an attempt is always made hat the tools and contrasting methods of soil be designed in such a
way that itself prevents, as much as possible, the destructive consequences or energy waste that include economical or
environmental limitations. Enhancing the soil encountering methods, quality reformation, and its related equipment,
requires performing reliable tests in actual soil conditions. Considering the complexity and variety of variables in soil
and machine contrast, this is a hard task. Hence, the numeral simulations are the key of all optimizations that illustrate
efficient models by removing the costly farm tests and reducing research time. Tire is one of the main factors engaged
with soil, and it is one of those tools that are discussable in both farms, and software environments. Despite the
complexities in soil behavior, and tire geometry, modeling, tire movement on the soil has been the researchers’
objective from the past.

Materials and methods: A non-linear finite element (FE) model of the interaction of a non-driving tire with soil
surface was developed to investigate the influence of the forward speed, tire inflation pressure and vertical load on
rolling resistance using ABAQUS/Explicit code. In this research numerical and experimental tests were done under
different conditions in order to estimate tire rolling resistance. In numerical tests, the soil part was simulated as a one-
layer viscous-elastic material with a Drucker-Prager model by considering realistic soil properties. These properties
included elastic and plastic properties which were obtained in the soil laboratory using relevant tests. The soil samples
were prepared from the soil which was inside the soil bin. The same soil was utilized in experimental tests. Finite strain
hyper elasticity model is developed to model nearly incompressible rubber materials for the tire. Tire model consisted
of three components: tread, rubber and ring. Using a soil bin and one wheel tester with their related equipment,
experimental tests were carried out in the workstation of mechanics of bio system engineering department of the Urmia
University. This system includes various sections such as soil storage in dimensions of 22x2x1 meter, tools carrier or
tracker, soil processing equipment, dynamic system, evaluation tools and controlling systems. In order to launch the
collection and supply required power for wheel carrier, an industrial three phase electromotor with 22 kW (30 hp) was
used. Both numerical and experimental tests were done at three levels of wheel dynamic load (1, 2, 3, 4 and 5) kN, tire
inflation pressure (100, 200 and 300) kPa and four levels of speed (0.25, 0.45, 0.65, 0.9 and 1.15) m s to obtain the
rolling resistance of the tire.

Results and discussion: In order to evaluate the performance of final non driving tire-soil model to estimate the rolling
resistance, numerical results were compared with preliminary experimental data obtained from the soil-bin tests. The
comparison showed reasonably good agreement between the computed and measured general pattern of the rolling
resistance at the tire-soil interface under different speeds, vertical loads and inflation pressures. In both tests, a
specified relation was not seen between tire velocity and its rolling resistance, as it was not seen in empirical models
such as Wismar and Luce. Correlation coefficient between experimental and numerical data, in the minimum and
maximum value of tire inflation pressure was computed to be 0.06 and 0.016 percent, respectively. The amount of tire
rolling resistance significantly increased with increase of tire vertical load. Correlation coefficient between
experimental and numerical data, in the minimum and maximum vertical loads was computed to be 80 and 87 percent,
respectively. Gent and Walter obtained the same results. The tire inflation pressure and rolling resistance variables had
inverse relation to each other in both numerical and experimental tests. Correlation coefficient between experimental
and numerical data was computed to be 97 and 73 percent in the minimum and maximum tire inflation pressure,
respectively. The gradient of changes in tire inflation pressure - rolling resistance diagram was less in numerical tests.
This was because of differences between real properties and the properties entered into the software.
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Conclusions: To conclude, in this investigation a new 3D tire-soil model was simulated which has specific features.
The experimental results showed that the numerical data of estimation of non-driven tire rolling resistance were reliable.
In both tests, the effect of changes in tire forward speed on rolling resistance was not significant. The amount of the tire
rolling resistance significantly increased with increasing tire vertical load. Changes in tire inflation pressure and rolling
resistance had an inverse relation with each other in both numerical and experimental tests. The slope of rolling
resistance - inflation pressure diagram in numerical tests was less than the same diagram in the experimental tests.
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