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Concept of Virtual-Digi-Tire

Vehicle Simulation
ICrash
[Fatigue & Endurance
INVH
[Handling
m
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Necessity of Accurate Input Simulation

via Tire from Road

-

Development of Tire FEM Model
I Moderate Accuracy
I Light Calculation
I Easyto Use
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Current Virtual-Digi-Tire GOODFVEAR
Large Impact Crash Severe Cornering

Developed by
Developed & Sale by JRI & SRI Nissan,JRI & SRI
Presented at 2003

Evolution for other properties
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Tire Construction & Modeling TR

Detailed Model
about 100 thousands elements

Large Calculation

— 4 Tire Models & Vehicle Model Development of
—  Unable Calculation for Daily Work Simplified Tire Model
@ BARH SRIGroup
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Purpose & Merit of RN GOODFVEAR
IPURPOSE
IRN(Road Noise) : booming noise below 500HZ at slightly rough road

road_tire_vehicle - matching of tire and vehicle is important

o — vehicle development considering tire effect is important -

1Comparing of tire models used for NV simulation

Modal model Explicit model

INV mechanism is clear. 1NV mechanism is not clear.
IBoundary condition is difficult. IBoundary condition is clear.
Q Trial of using explicit model Using LS-DYNA
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Tire Model for RN Analysis GOODFVEAR

tire : 195/65R15
wheel : 6,511x15

/' eabout 36,000 elements

total view cross section of tire model
fiber  Rubber

Membrane
{orthotropic)

; Solid o
fiber reinforced rubbeu
deled b | | t
@ ?mﬁﬁﬁ layered elements modeled by one layer elemen SRI GrOUp
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Tire Model for RN Analysis GOODFVEAR

Detailed Model Large Impact Model RN Model

wheel : rlgl bodv

About 72,000 elements | About 24,000 elements | About 36,000 elements

@ BA®H SRIGroup

4a - 38



5" European LS-DYNA Users Conference Methods and Techniques (3)

& DUNLOP

Verification of RN Tire Model : Stiffness "_‘"',_',SE"
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Experiment Boundary Condition

slnner Pressure : 200kPa
nTire Axis : Fixed
=Friction Co-efficient : 0.9

Vertical Stiffness
1.inflate
2 vertical movement of plate

Lateral Stiffness

1.inflate
2 .450kgf vertical load
3 lateral movement of plate
@BERH =— SRlGroup
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Verification of RN Tire Model : Stiffhess "-‘"'ff.En
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Simulation Result Sindl=tiiy
L] Vertial T A L] Lateral
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[Tire stiffness : Good correlation between simulation and experiment
@ BERH SRIGroup
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Verification of RN Tire Model : Cleat Impact P
GOODFYEAR
Experiment Boundary Condition
' / . Inner Pressure : 200kPa

Load : 450k g f Dinitial angle velocity

Tire Axis : Fixed+Joint @lnflate

Friction Coefficient : 0.9 (@Road Movement

Speed : 40kph
g

101 Ommé 2

Impact timing is after 450kgf load. |
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Verification of RN Tire Model : Cleat Impact phe
GOODFYEAR

——  Experiment
= Sirulation

Simulation Result

o
Cleat Impact : Good correlation between simulation and experiment Vertical force
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Verification of RN Tire Model : RN Road P
GOODSYEAR
Experiment Boundary Condition
Inner Pressure : 200kPa
load : 450k g f Dinitial Angle Velocity
Tire Axis : Fixed+Joint ®lnflate
Friction Co-efficient : 0.9 ®Road Movement

Speed : 40 ~50kph

Actual road surface model

@ BA®RH SRIGroup
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Verification of RN Tire Model : RN Road "-‘"'ff.‘En
GOODFYEAR

Simulation Result
Tire Contact Pressure Distribution

400,00
360.23
33848

& ..il
L[

NiviiiTuipmes

[ Uneven contact pressure because of road roughness
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= Experiment

Frequency Result (density 3.91Hz) —  smuaton

Vertical Axis Force ; Longitudinal Axis Force

rocfre]

Vertical
: b

(Longitudinal

Lateral Axis Force

RN Road : Good correlation between simulation and experiment
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Verification of RN Tire Model : Tire Mode "-‘"'f,fE"
GOODFYEAR

Initial - Loaded Longitudinal 1st : 34 8Hz Lateral 1st: 46 2Hz Steer st 56.2Hz

Vertical 1st: 72 2Hz Belt Torsion 2nd : 76.2Hz Belt 2nd : 78.5Hz Belt Torsion 2rd - 91 6Hz
@ BERH SRIGroup
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; Longitudinal 1st Belt 2nd
Vertical 1st 34 8H7 78.5H7
72.9Hz
MRl ] | Longitudinal Axis Force| |— CSimgaron.
Lateral 1st Vertical
46 2Hz X
+ Longitudinal
¥ ,
Lateral |
i e "’
iLateral Axis Force | ;
@ BARH - SRIGroup
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(Summary)

+ The simplified tire model was developed. It is possible to simulate
the vibration property up to 200HZ by this tire model.

+ It is possible to simulate the input force from the uneven road
considering envelope effect by rolling on the road model of which
the surface shape is modeled same as actual road.

+ It will be possible to simulate the road noise by running of the
vehicle model with these tire models on the actual surface road model
and considering the interactive effects between tire and vehicle.

(Future)
+ Road noise verification by vehicle model with tire model

+ Modeling the cavity air (about 250HZ resonance) and simulate
the vibration property up to 500HZ
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