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“Statistical Tire Model” Identified from Data Group of Multiple Tires
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A statistical tire model has been developed. This
tire simulation model is for use in the feasibility study
of performance design at the initial stage of vehicle
development. Using this method, existing data sets for
the performance and characteristics of multiple tires
are statistically modeled. The model is available to
estimate values for tire performance and characteristics
based on the input values for specifications such as
tire size. By contrast with conventional tire models,
the statistical tire model is able to estimate the
characteristics of multiple tires of differing sizes
and specifications using a single model without the
measurement and modeling of data for each single
tire.
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Table 1 Tire models for vehicle dynamics simulation
Tire size effect Arbitrary tire size
Model type | Application . : Source data characteristic
simulation S
estimation
Statistical [Single model for| Multi-tire }
model any size data grou Available
Experimental y group
model . . .
Magic Separate mpdel Single tire Not available
Formula, etc.| for each size data
Brush model ) .
SWIFT, FTire | SepParate model| Single tire |\ 1 o oo
. for each size data
Theoretical etc.
model Separate model| Single ti
FEM model |>Parate model) single e | ot ayailable
for each size data
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(Fig. 1).
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Fig. 1 New tire model from tire data group
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Fig. 2 System identification flow chart

Input Output
Tire size, ———»| System |——» Tire performance,

Specification Characteristics
W: Tread width (mm) A 4 CP (kN/deg)
H: Aspect ratio (%) SATS (Nm/deg)
D: Rim size (inch) Fy (kN)
CA: Camber angle (deg) RR (N)
P: Pressure (kPa) kz (kN/mm)
Fz: Load (kN) :
V: Speed (km/h) .

J &

Fig. 3 System identification parameters
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Fig. 5 CP relation to tire load, Fz
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Fig. 7 CP contribution to
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Fz and tire size parameters
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CP=A(Fz-B?’+C (1a)

CP = A(Fz* - 2BFz) (Ib)
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e — I @EN W, H, D, P12 LT 1 WM
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CP=a F7+ - Fz
a=aW+bH+cD+dP+e (2)
P=fW+gH+hD+iP+j

- 7 7
—

W: Tread width, mm

H: Aspect ratio, %

D: Rim diameter, inch
P: Inflation pressure, kPa
Fz: Normal load, kN

a, b, ..., j: Coefficients of model
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c -¥.D;Fz,*CP,
d ~XPFzCP,
e b= - Fz,*CP,
vl —SW,Fz,CP,
g -3 H,Fz;CP,
h -3 D,Fz,CP,
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Fig. 8 CP variation by size factor
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Fig. 10 Experimental data and curves obtained using
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K=—"——"x— (7)
cc, U

Cl-Cl m

cw, = = (8)

"Tav

1 [C+ Cr+ Cill+cCl’) c
m I

2 2
O

' m I

C/C,: Front/Rear axle equivalent CP, N/rad
m: Car mass, kg

WD: Front axle weight distribution, %

I.: Yaw moment inertia, kgm2

L: Wheelbase, m

V: Vehicle speed, m/s

Il Front/Rear axle COG distance, m

¢* Yaw damping rate, -

®,: Yaw natural frequency, sec’

ZZTE—HlE LCHUEE 3 281l A 2 5, Hiilj B
HjE LA EH T 25845 42 % (Table 2).
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Fig. 11  Effect of changes in car specifications on K

and Cs

Table 2 Car and tire specifications

Car Tire
L (m) | m(kg) |lz (kgm?)|WD (%)|W (mm)| H (%) |D (inch)|P (kPa)
Car A 2.4 950 1400 62.5 175 65 15 210
Car B 2.4 1000 | 1500 65 -
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Fig. 12 Effect of tire size parameters on K and Cs
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Fig. 13 Variation of CP and kz when size parameters,
inflation pressure and tire load changed
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