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The FTire Product Family: The Virtual Wheel Assembly

• RT-Mode 
• Thermo Model 
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Thermal model: Impact on other model components

• Tire structure temperature influences 

• inflation pressure via pV = kT     

• indirectly tire stiffness 

• structural stiffness 

• Distributed tread rubber temperature influences 

• road friction characteristic by temperature dependent 
modification factor 

• tread rubber compression and shear stiffness 

• tread wear rate

FTire Thermo Model Theory (1)



Thermal model: Heating, Cooling, Heat Transfer

• Heating by all dissipative elements 
• structural damping and hysteresis 
• polytropic state change of filling gas   
• tread rubber damping and hysteresis 
• friction in contact patch 

• Cooling by  
• convection in sidewall and tread, depending on 
• rolling speed 
• ambient temperature 
• road surface temperature 

• radiation in sidewall and tread 

• Heat transfer 
• between regions, determined by heat transfer coefficients and discretized heat transfer equation

FTire Thermo Model Theory (2)



Thermal model: Determination of heat transfer data

• Heat conductivities 
• tread-tread 
• tread-structure 
• tread-road 

• Heat capacities 
• tread 
• structure

Parameters are simultaneously identified by using 

• Measured steady-state temperatures 
@ const. slip angle, temp. measured at spots 
near contact patch 

• Measured heating time constants 
slip angle or wheel slip step response

FTire Thermo Model Theory (3)



FTire Thermo Model Application



FTire Thermo Model: Flat Spot Braking



FTire Thermo Model: Steering Sweep



• radial and lateral compliance of rim flanges approximated by parameterized Green's function

• stiffness variation caused by spokes 

• additional plastic deformation, if elastic displacement 
locally exceeds threshold value

circumferential coordinate [0..360 deg]

smoothing parameter

compliance parameter

Displacement caused by point load

Flexible Rim Model



Flexible Rim Model



(selected automatically in RT environments)

Real-Time Mode



Example:  
Surface temperature @ slip angle sweep (2 deg/s, 5 kN) 

Measurement 
FTire Real-Time 
FTire standard 

Real-Time Result Comparison



Road contact resolution 1.07 mm x 12.5 mm = 900 contact elements; sample frequency 4.0 kHz 

FTire/RT flat 
road

FTire/RT 
 smooth RGR road

FTire/RT 
 extreme RGR road

FTire/RT standard 
FTire/RT + thermal 
FTire/RT + thermal + wear

Real-Time Submodel Performance



• FTire solver extensions available through CTI in Simpack and Abaqus 

environment 

• FTire thermal model is available in RT mode 

• Flexible rim input data can easily be derived from a complex FE rim model 

• Thermal properties can easily be measured as part of the standard 

measurement procedure  

• RT mode supported by Simpack RT 

• FTire allows complex offline and RT/HIL application cases to be done by 

one single tire parameter set only 

Conclusion



FTire demo versions, papers, 
animations, documentation, 
version updates, and more: 

www.cosin.eu

..thank you for your attention! 

Q & A


