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Finite Element Analysis of the Tire Contact Problem
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Abstract

The tire inflation and contact problem has been solved by a finite element method. The finite
element formulation is derived from the equilibrium equations by the principle of virtual work in

the form of an updated Lagrangian formulation for incremental analysis. Then, a contact

formulation is added to the finite element formulation to calculate stress state of tire in contact
with flat rigid road under the load due to the self-weight of a vehicle. In the finite element
analysis, equations of effective material properties are introduced to analyze a plane strain mode}
of the shell-like tire by considering the bending effect of reinforced steel cords. The proposed
equations of effective material properties produced stress concentration around the edge of belt
layers, which does not appear when other well-known equations of material properties are
adopted. The result from the above algorithm demonstrates the validity of the formulation and
the proposed equations for the effective elastic constants. The result fully interprets the cause of
separation between belt layers by showing the stress concentration.
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Table 1  Material properties of component
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Fig. 5(b) Equivalent stress distribution in tire inflation
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Table 3 Deformed results at section height &
section width W.R.T. various material
properity equations

Deformation |Deformation of|Deformation of
Equation S.H (mm) S.W (mm)
Halpin-Tsai 19.1 7.2
Gough- 2.3 0.93
Tangorra
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Hirano
Proposed 18.7 7.7
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Equivalent stress distribution in tire contact
problem (Belt angle, Load, Stress: kgf/mm?)
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Equivalent stress distribution in tire contact
problem (Belt angle, Load, Stress: kgf/mm?)
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Fig. 6(c) Equivalent stress distribution in tire contact
problem (Belt angle, Load, Stress : kgf/mm?)
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Fig. 6(e) Equivalent stress distribution in tire contact
problem (Belt angle, Load, Stress : kgf/mm?)

Fig. 6(f) Equivalent stress distribution in tire contact

problem (Belt angle, Load, Stress : kgf/mm?)
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Fig. 7(b) Contact pressure along contact surface (Load: 100%)
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1. Halpin-Tsai Equations

E\=E.V.+E.(1-V,)
E=E,(1+2Vo)/(1— Vo)
G12={G:[Gc+ Gr+ (Gc—Gr) Vo) Y/ [Ge+ Gr
—{(Ge—Gr) Ve
Viz= Ve Vc+ Vr(l“ Vc)
Va1 = VIZEZ/EI
2. Gough-Tangorra Equations
E\=E.V.+E.(1- Vo)
E:={4E,(1— Vo) [EcVe+E-(1— Vo) ]}/ [3EC Ve
+4E,(1- Vo))
Gi2= Gr(l— Ve)
112=0.5
Va1= V12E2/E1
3. Akasaka-Hirano Equations
E\=E.V;,
E.= 4Er/ 3
Gi2=Gr
112=0.5
va=0



