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A Study for the Prediction of a Tire Cornering
Characteristics using a Finite Element Method
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H. W. Kim, K. Z Cho

ABSTRACT

During a straight driving and cornering maneuver by a vehicle various forces and moments are
exerted on the tire’s footprint. A cornering properties, handling and stability performances of vehi-
cle can be predicted by these forces and moments values. Therefore, on this study, a lateral force
and a aligning torque are predicted using a finite element method. Contact area of the tire be-
tween bead and wheel are fixed to simplify of a finite element model. Lateral force is exerted on
the rigid surface as a real load with Coulum friction after inflate and load vertically. Then, rotate
the tire’s axle to simulate a free rolling untill taken the equilibrium of a aligning torque. Also, ex-
perimental observations are made to test a reliability of a FE analysis conducted in this study. The
finite element analysis said that good agreement was obtained with experimental results for these
cornering properties, giving confidence within about one percent. So 1t is recommended that a fi-
nite element analysis can be used as a good tool to preidicted the tire cornering properties.

#27)€ 8| : Tire Cornering Properties, Lateral Force, Aligning Torque, Cornering Force, Cor-
nering Coefficient, Aligning Torque Coefficient
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Fig.3 Cord/Rubber Ply Showing Principal
Material Axes
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Fig.4 Cross Section of Passenger Car Tire

Fig.5 Three Dimensional Mesh for FE
Analysis
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Table 1 FE Material Properties of Elastomer
Component E(psi) C Co
Tread 564 94 24
Sidewall 420 70 17

Table 2 Equivalent Modulus for Composite
Material

E
3.85E0
3.85E0
4.62E0

E=E
3,770
3,770
2,660

Parts
Belt 1
Belt 2

Carcas

Gu=G
2,500
2,500
2,200

GZB
2,450
2,450
2,170

=MWy
0.4443
0.4443
0.4718

Uy
0.49
0.49
0.49

MULTI-POINT CONSTRAINT

Fig.6 Contact Boundary Conditions for Tire/

Road
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Fig.10 Contact Pressure Distribution with
Lateral Force, +3,558.6N

Contact Pressure Distribution with

Lateral Force, +4,225.4N

Table 3 Results of FE Analysis

Lateral Force | Slip Angle |Aligning Torque
(N) (deg) (N-m)
—4,225.6 —5.65 40.66
—3,558.4 —-3.73 60.54
—2,224.0 —1.78 55.60
—1,201.0 —0.80 36.40
1,201.0 1.08 —34.80
2,224.0 2.01 —56.90
3,558.4 3.90 —65.90
4,225.6 5.77 —49.80
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Fig.12 Lateral Force vs Lateral Displacement

Table 4 Lateral Stiffness Results

Lateral Force | Slip Angle | Lateral Spring
(N) (deg) Late(N/mm)
+1,201.0 |1.08/—-0.80 113.30
+2,224.0 |2.01/—1.78 114.68
+3,558.4 | 3.90/—3.73 115.88
+4,225.6 |5.77/—5.65 114.10
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Fig.13 Tractive Force vs Travel Distance

Table 5 Decrease rate of Tractive Stiffness

Lateral Force Slip Angle Decrease rate
(N) (deg) of TS(N/wm)

+1201.0/—-1201.0 | +1.08/—0.80 | 0.0200/0.01986

+2224.0/-2224.0 | +2.01/-1.78 | 0.03217/0.03194

+3558.4/—3558.4 | +3.90/—3.73 | 0.05214/0.05139

+4225.6/~4225.6 | +5.77/-5.65 | 0.05762/0.05723
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Fig.17 Enlarged Contact Part between Test
Tire and Conveyor Flat Bed
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Table 6 Test Condtions for Force & Mo-

ments
Items Conditons
. . Passenger Car Radial Tire,
Tire Size 175/70R13
Air Pressure 38psi
Track Speed 3.2km/H, 0.89m/sec
Vertical Load 5,050.0N(515kgf)
Slip Angle +1°, £2°, +4°, +6°
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Table 7 Test Results for Tire Force &

21(2)8 ol&3t

Mornent
Slip Angle | Lateral Force | Aligning Torque

(deg) (N) (N-m)
—6 —4,336.7 40.58
—4 —3,774.0 62.38
-2 —2,475.0 59.67
-1 —1,496.9 42.90
1 1,028.7 —33.42
2 2,039.9 —57.55
4 3,483.2 —71.26
6 4,156.6 —58.52
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Fig.19
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Slip Angle vs Lateral Force by Test
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Table 8 Cornering Coefficients

FE Analysis | Experimental

Cornering

Stiffness 1,277.66 1,262.80

(N/deg)

Cornering
Coefficients 0.2530 0.2500
(N/N/deg)

Index(%) 101.2 100
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Table 9 Aligning Torque Coefficients

FE Analysis | Experimental

Aligning
Torque
Stiffness
{N-m/deg)

37.87 38.16

Aligning
Torque
Coefficients
(mm/deg)

7.4990 7.5560

Index(%) 99.25 100
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