
FTire  

FTire: a Physically Based Tire Model for 
Handling, Ride, and Durability 

Part 7: Tools 
 

Michael Gipser 
Esslingen University of Applied Sciences 

& cosin scientific software 



FTire/calc 
GUI 

FTire/calc GUI 



FTire/calc 
Features 

FTire/calc key features 
 

è  uses parameterized description of tire structure layers (carcass, belt, 
tread, etc.) 

è  automatically launches a series of modal analyses and computation of 
static load-cases as ‘virtual measurements’, using the downward-
compatible coarse FE model FETire 

è  uses these results to generate a complete FTire data-file 

documentation on www.ftire.com 



FTire/calc 
FETire 

FETire grid, refined 
near contact patch 

 
CPU time for single non-linear 
load-case: 
  770 nodes:   3 sec 
1200 nodes: 17 sec 
1710 nodes: 51 sec 
 
 
total CPU time for computation 
of FTire data file: 
  770 nodes:    1 min 36 sec 
1200 nodes:    6 min 35 sec 
1710 nodes:  16 min 32 sec 

 



FTire/calc 
Input Data (1) 

Parameter section 
of an FTire/calc 
input file 

************************************************************************ 
* FTire/calc passenger car tire tdd-template 

$parameters ************************************************************ 
 width      195         ! tire section width [mm] 
 asp_ratio  65          ! tire aspect ratio [%] 
 rim_diam   15          ! rim diameter [in] 
 rim_width  6.0         ! rim width [in] 
 load_index 94          ! load index [-] 
 infl_press 2.0         ! nominal inflation pressure [bar] 
 mass       10.0        ! tire mass [kg] 
 tread_curv 350         ! lateral tread curvature rel. to width [%] 
 dist_tread 28          ! distance tread border to side-wall [mm] 
 dist_belt  21          ! distance belt border to side-wall [mm] 
 filler     60.0        ! bead filler rel. to side-wall height [%] 
 ang_belt   24.0        ! cord angle in steel belt [deg] 
 E_carc     1500        ! Young's modulus of carcass cord [N/mm^2] 
 dia_belt   0.5         ! cross-section area of belt cord thread [mm] 
 dia_carc   0.5         ! cross-section area of carcass [mm] 
  
$more_parameters ******************************************************* 
 E_belt     210000      ! Young's modulus of steel cord [N/mm^2] 
 E_il       2.0         ! Young's modulus of inner-liner rubber [N/mm^2] 
 E_bf      15.3         ! Young's modulus of bead-filler rubber [N/mm^2] 
 E_bb       8.6         ! Young's modulus of bead-base rubber [N/mm^2] 
 E_cp       2.4         ! Young's modulus of carcass-ply rubber [N/mm^2] 
 E_bp       9.1         ! Young's modulus of belt-ply rubber [N/mm^2] 
 E_b        6.1         ! Young's modulus of bandage rubber [N/mm^2] 
 E_s        2.4         ! Young's modulus of side-wall rubber [N/mm^2] 
 E_tr       6.1         ! Young's modulus of tread rubber [N/mm^2] 
 h_rs       4.0         ! height rim strip [mm] 
 h_bf      10.0         ! height bead filler [mm] 
 h_il       0.3         ! height inner liner [mm] 
 h_base     2.0         ! height tread base [mm] 
 h_side     2.3         ! height side-wall outer layer [mm] 
 h_carc     1.0         ! height single carcass layer [mm] 
 h_band     1.0         ! height single bandage layer [mm] 
 h_belt     1.2         ! height single belt layer [mm] 
 ang_car1   85.0        ! cord angle in 1. carcass ply [deg] 
 ang_car2   95.0        ! cord angle in 2. carcass ply [deg] 



$parameters ********************************************************* 
 width      195         ! tire section width [mm] 
 asp_ratio  65          ! tire aspect ratio [%] 
 rim_diam   15          ! rim diameter [in] 
 rim_width  6.0         ! rim width [in] 
 load_index 94          ! load index [-] 
 infl_press 2.0         ! nominal inflation pressure [bar] 
 mass       10.0        ! tire mass [kg] 
 tread_curv 350         ! lateral tread curvature rel. to width [%] 
 dist_tread 28          ! distance tread border to side-wall [mm] 
 dist_belt  21          ! distance belt border to side-wall [mm] 
 filler     60.0        ! bead filler rel. to side-wall height [%] 
 ang_belt   24.0        ! cord angle in steel belt [deg] 
 E_carc     1500        ! Young's modulus of carcass cord [N/mm^2] 
 dia_belt   0.5         ! cross-section area of belt cord thread [mm] 
 dia_carc   0.5         ! cross-section area of carcass [mm] 

FTire/calc 
Input Data (2) 

Key parameters are accessible from GUI 



FTire/calc 
Tire Layer Structure Template 

Layer structure described by template 
*----------------------------------------------------------------------- 
* cr.sect. cord dens. height   alpha       E cord E matrix  type 
* mm^2     thr/mm     mm       deg         N/mm^2 N/mm^2 
*----------------------------------------------------------------------- 
$layer_list_1 ! left bead ********************************************** 
 s_left_sidewall = 0.0 
  0.0      0.0        h_il      0.0        0.0    E_il   ! inner liner 
  A_carc   d_carc     h_carc    ang_car1   E_carc E_cp   ! 1. body ply 
  A_carc   d_carc     h_carc    ang_car2   E_carc E_cp   ! 2. body ply 
  0.0      0.0        h_bf      0.0        0.0    E_bf   ! bead filler 
  A_carc   d_carc     h_carc    ang_car2   E_carc E_cp   ! 2. body ply 
  A_carc   d_carc     h_carc    ang_car1   E_carc E_cp   ! 1. body ply 
  0.0      0.0        h_rs      0.0        0.0    E_bb   ! rim strip 



45° 

bead distance will be automatically 
corrected according to rim width 

tread height and width 

carcass line 

FTire/calc 
Cross Section Geometry 

Tire cross-section geometry 
 

è  digitized from image, or 

è  CAD data from tire manufacturer 



FTire/calc 
Tread Pattern 

Foot-print image 
(bit-map file), 
optional 

TMPT Reference Tire 



FTire/calc 
Visualization (1) 

FETire Visualization in 
FTire/calc 
structure distortion and stress 



FTire/calc 
Visualization (2) 

FETire Visualization in FTire/calc 
ground pressure distribution and mode shape 
animation 



FTire/estim 
Qualified Data Estimation 

FTire/estim GUI 



FTire/estim 
Independent Variables 

x  reference tire's value of the parameter to be estimated  
w  section width 

d  tire diameter 

h  side-wall height 

m  mass 

l  rated max. load 

v  rated max. speed 

k  radial stiffness 

p  nominal inflation pressure 

relative to reference tire 

Independent variables provided for use in the formulae 



FTire/estim 
Data to be Estimated 

tread width 
lateral belt curvature radius 
flat tire: distance rim flange to ground 
rim moment of inertia 
eigen-frequency in-plane rotatoric 
eigen-frequency in-plane translatoric 
eigen-frequency out-of-plane rotatoric 
eigen-frequency in-plane bending 
eigen-frequency out-of-plane bending 
percentage of free mass 
tire longitudinal stiffness 
tire lateral stiffness 
tire torsion stiffness 

wheel load on transversal cleat 
wheel load on longitudinal cleat 
wheel load of cambered tire 
wheel load of cambered tire on transv. cleat 
in-plane bending stiffness of un-inflated tire 
out-of-plane bending stiffness of inflated tire 
belt lateral bending stiffness of inflated tire 
belt twist stiffness 
belt torsion stiffness 
rim flange contact stiffness 

Data to be estimated by the formulae 



Example of an estimation formula: 

FTire/estim 
Example 

eigen-frequency in-plane rotatoric  

= sqrt(k/m)*x 

means: 

 

the first natural frequency (f1) 

è   grows with square-root of radial stiffness 

è   but diminishes with square-root of mass 



FTire/estim 
Formulae Customization Mask 



FTire 
FTire/tools 

FTire/tools 
collection of FTire analysis routines 



FTire 
FTire/tools 

FTire/editor 



FTire/tools 
Static Analysis 

Static Analysis 
computes and displays steady-state forces and moments of a standing tire 
with different loading conditions and surface geometries, including user-
interactive, mouse-driven deflection and camber control  



FTire/tools 
Modal Analysis 

Modal Analysis 
computes and animates frequencies 
and mode shapes for 
è   unloaded (axisymmetric) tire, and 
è   loaded tire on flat surface or 

several different obstacles, all in 
blocked, floating (brake released), 
or rolling condition 



FTire/tools 
Linearization (1) 

Linearization 
linearized state-space matrices [A,B,C,D], ready-to-load into Matlab etc., 
with different loading conditions and surface geometries, standing & rolling 

eigenvalues of the system matrix 



FTire/tools 
Linearization (2) 

Eigenvalue map of 
loaded rolling tire 

100 km/h  105 km/h 

200 km/h  205 km/h 



FTire/tools 
Steady-State Analysis 

Steady-State Analysis 
computes forces and moments of a tire rolling in steady-state conditions, at 
given slip, camber, deflection, pressure, and tread depth conditions 



FTire/tools 
‘Show Info’ 

Tire Data Completion (‘show additional tire info’) 
Computes and displays a predefined, comprehensive list of static, steady-
state, and modal tire properties, like 

è  tread stiffness 

è  radial stiffness for different deflection values and camber angles 

è  radial stiffness on non-flat surface 

è  longitudinal, lateral, and torsional stiffness 

è  radial stiffness at different rolling speeds 

è  cornering stiffness, traction stiffness, pneumatic trail 

è  speed-dependent rolling resistance coefficients 

è  higher mode frequencies and damping values 



FTire 
FTire/sim 

FTire/sim  
stand-alone FTire simulations, optionally with quarter-car   



FTire 
FTire/link 

FTire/link 
Simulink block-set; full support of all FTire features 

FTire is 3rd Party Product: 



  

FTire etc. 
 demo versions,  

papers, 
animations, 

documentation, 
version updates,  

and more: 
 

www.cosin.eu 

..thank you for your attention! 
 

Q & A 


