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distributed spatial
forces on rim flanges

(output from FTire structural model) | //
internal elastic / plastic user-specified external
rim deformation model rim deformation model

distributed spatial

rim flange displacements
(input to FTire structural model)
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Internal Rim Model: Compliance

=» radial and lateral compliance of rim flanges
approximated by parameterized Green's function:

displacement caused by point load f*
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Internal Rim Model: Compliance Variation

=» radial and lateral compliance modulated by spokes influence
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Internal Rim Model: Elastic Deformation

=» cyclic deformation variation, caused by spokes

contact elements: force vectors

rim surface color: radial elastic flange displacements
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Internal Rim Model: Plastic (Permanent) Deformation

=» permanent deformation, if elastic displacement locally exceeds threshold value

force !

max. elastic displécement accumulatedéplastic
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Internal Rim Model: Plastic (Permanent) Deformation

-»> permanent deformation, caused by extremely high cleats

contact slamenta: fores vastors
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User-Specified External Rim Deformation Model

-

simple CTIl interface function to connect user-specified library

void urim (

int ti,

int nseg, double rrim, double wrim, double t,

double f1[][3], double fr[][3],
double del[] [3], double der[][3], double dpl[][3], double dpr[][3],

int*ier,

char*file) ;

/* arguments:

*/

ti
nseg
rrim
wrim
t

f1l
fr

del

ret
file

tire handle (in)

number of equally distributed nodes on one rim flange (in)

rim bead radius [m] (in)

axial rim flanges distance [m] (in)

simulation time [s]. Terminate model if t>=1e60 (in)

force array on left rim flange nodes, in cylinder coordinates [N] (in)
force array on right rim flange nodes, in cylinder coordinates [N] (in)

elastic displacements of left rim flange nodes, in cylinder coordinates [m] (out)
elastic displacements of right rim flange nodes, in cylinder coordinates [m] (out)
plastic deformation of left rim flange nodes, in cylinder coordinates [m] (in/out)
plastic deformation of right rim flange nodes, in cylinder coordinates [m] (in/out)

return code, 0=ok (out)
data file name (in)
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Air Cavity Vibration Model:

-» compressible viscous
=» transient
=> 1D flow (velocity u = u(x,t) along circumferential coordinate x)
=» with cross section area A = A(t,x)
=» and periodic boundary conditions

—(Ap) + i(A/ou) =0 mass conservation
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Air Cavity Vibration Model: Numerical Solution

-» 2 additional state variables per belt segment:

flow velocity u and pressure p

-» accurate computation of time and position-dependent
belt segment cross section, depending on FTire's actual
structure distortion

-» forces resulting from pressure variation applied to rim
=» no additional data

-» additional computational load typically about 10 %
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Air Cavity Vibration Model: Resonance caused by Vertical Excitation

=»> swept harmonic excitation 50 = 300 Hz; internal pressure variation
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Air Cavity Vibration Model: Resonance caused by Road Waves

=» road wave length 20 = 8 cm; v = 80 km/h; internal air flow

corrtact elmmwrts foree vertors
tire surfere coior » air fow divkiation
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Integrated Suspension Models

-» optional detailed MBS suspension models

combined with FTire; called via CTI (cosin Tire Interface)
=» based one cosin/mbs (fully MBS-based driving simulator software)

-» encapsulated 'vehicle corner model’:

wheel suspension + tire + road

-» can be integrated into 3"9-party MBS software like MotionSolve

runs in cosimulation mode



COSi n FTire
scientific software Integrated Suspension MBS Models

spatial position and velocity
of car-body reference point

cosin/mbs suspension model,
internally calling FTire

spatial forces and moments, applied
in reference point: contribution of
'vehicle corner' to car-body motion
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Integrated Suspension Models: Element Catalogue

rigid / flexible bodies
nonlinear bushings / spring-dampers / friction

spherical / revolute / hook / translational / general joints + friction

b 4 Ld

suspension-specific special elements:
power steering, propulsion, brakes, ..
ARB, Watt linkage, push-rod + rocker, ..
-» optional element refinements:
nonlinear hydraulic damper, ball joint friction, hydromount
> interfaces to embedded C code (ESP, EPS, 4WD, 4WS, EDL, ..)
=> all K&C output signals
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Integrated Suspension Models: FTire + Multi-Link + Belgian Block
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FTire Multi-Threading and Real-Time

=> FTire is thread-safe (can run in parallel)

=> FTire can be easily down-scaled, to run
multiple instances in real-time:

suppress extra output

deactivate model extensions

reduce number of segments, contact points

NN N X

increase time step
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FTire Multi-Threading and Real-Time: Selection in FTire/editor

8.0.0 \. Fire/editor (2012-1-preview)
i ‘ ~ & = [N
cgmmc software © & ?2 ca@c @0 va

FTire data file (latest change 2011/10/12 18:23:32)

/Users/micha/cosin_work_2012-1-preview/ftire/param/195_65r15.tir : /

edit analyze process
in @Sl imperial units list mass correction data ‘ polish and remove comments ‘
do tast ch do all ch | - .
unde Change undo a¥ changes and list general properties ‘ append pre-processed data ‘
show cross section ‘ discard pre-processed data ‘
tire size & specification ‘
show single block radial stiffness ‘ save in other format as .. ‘
geometry ‘
plot pressure dependencies ‘ derive Pac2002 model .. ‘

carcass/bett mass & stiffness ‘

vary design parameters .. ‘
carcass/belt stiffness (more)

carcass/bett damping ‘ compare with - ‘ (@) ﬁ (@) X/ nume rics data

o ‘\ ::::::f ’ apply undo close apply & close ‘ apply & exit ’
thermal & wear | B ek ‘\ click one of the apply.. buttons to make your changes effective

o - interactive analysis ..

" ""h“'m‘“ o ‘ linearization .. ‘ use defduus

flexible / viscoplastic rim ‘

check real-time capability ‘
imperfections ‘

numerics —< runin  standard " accel. level 1  accel level2 ( accel. level 3 (¢ real-time mode >

measurement conditions

operating conditions

numerical settings for real-time mode

|
|
s ’ # belt segments in RT mode ? 60 -

output

G ‘ # belt bending dofs in RT mode ? 3 -
# contact elem. per belt seg. in RT mode ? IT -

# tread strips in RT mode ? 15 -
internal time step in RT mode ? 0.00033333 s

maximum angle increment in RT mode ? 1 deg
Jacobian update fraction in RT mode ? 0.5 -
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CTI Model Server: Use FTire in HiL Simulators

-> CTI provides client/server technique, to run FTire in real-time on
remote computer

-» data exchange rim states €=» rim forces/moments via UDP

-=» on application side, remote computing is activated simply by
specifying the CTI server's host name and port

=» no additional model or software changes

=» convenient operation of the remote CTI server, including data-base
management for tire and road data files
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