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Data:
Size, Specification etc.

Manufacturer
Brand

Tire and rim size
Load index
Speed symbol

Total mass
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Nominal inflation pressure(s)
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Geometry

= Cross section drawing,
including belt, carcass,
and tread outer contour
(inflated/unloaded)

= Maximum radius
(inflated/unloaded)

= Dynamic rolling circumference
(wheel speed / drum speed for free
rolling tire at different speeds)
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Footprint Bitmaps

Gray-scale or color-coded

- at half and full LI load
- at different camber angles
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3. Longi-
tudinal
cleat
4. Lateral cleat 5. Lateral cleat,
cambered
m

Statics: Radial Stiffness

wheel standing

1. Flat 2. Flat
surface surface,
cambered
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Statics: Horizontal Stiffness

wheel standing and blocked, displacement until full sliding

1. Longitudinal 2. Lateral 3. Torsional
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Steady-State Rolling

rolling at constant speed on drum without cleats

1. Radial stiffness at several 2. Braking/Traction at 3. Handling at several loads and
speeds several loads camber angles

[N] fore-aft force (C-axis) N] side force (W-axis)
0 5000-

side—slip angle [deg]
[Nm] aligning torque (W-axis)
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Cleat Tests

at several speeds, loads, cleat heights

1. In-plane (transversal cleats) 2. Out-of-plane (oblique cleats)

COSIN/graphics

displacement scaling = 0.00
contour plot resolution = 1
force scaling = 1.00

wheel load shift = 0.00

COSIN/graphics

displacement scaling = 0.00
contour plot resolution = 1
force scaling = 1.00 200

wheel load shift = 0.00 20000.00
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FTire Parameterization

is very flexible with respect to the kind of available experimental data:
several different combinations of static, steady-state, and modal data are
possible.

Parameters can be:

known in advance (size, inflation pressure, etc.)

measured directly (mass, radial stiffness, etc.)

computed (if FE model is available)

‘manually’ tuned, using general related measurements
mathematically identified, using measurements + least squares fit
roughly estimated

2 2 N
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Principles

1. Observe physical meaning and reasonable ranges of parameters. Avoid
‘black-box identification’. Don't misuse physically well-defined
parameters as abstract 'tuning’' parameters.

FTire is a physical tire model, and not just a mathematical
approximation of measurements.
2. If possible, use measurements that cover the operating conditions

under which the tire model will be used later.

This is to reduce the amount of extrapolation (load, speed,
excitation amplitude, inflation pressure,..) in later application.
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Principles

3. Select those types of measurements that are feasible, reliable,
accurate, repeatable, and cheap at the test facility in use.

There is not just one fixed parameterization procedure. The
procedure may be adapted to the circumstances.

4. Automate data acquisition and processing.

This is to improve the process chain's comparability and
repeatability.
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Parameterization Tools

a) FTire/estim
'rough estimation' of FTire data, using a similar reference tire

b) FTire/fit
combination of a) with
- direct measurement of certain geometry and stiffness data,
- identification and /or validation
of other mass, stiffness, damping, and friction data,
using static, steady-state, and dynamic cleat tests

c) FTire/calc
processing detailed tire design data with FETire, a parameterized coarse
FE model
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FTire/fit features
= convenient tool for processing, identification, and validation of

geometrical, static, steady-state, handling, dynamic, and modal data
automatic measurement data format recognition and conversion
automated footprint comparison

automated cross-section geometry import

v ¥ VvV

automated stiffness determination (radial, longitudinal, lateral, torsion,
cornering stiffness, pneumatic trail, slip stiffness)

7

automated static and steady-state validation by time domain simulation

2

dynamic identification: least squares cleat test fit in time and/or
frequency domain

= fully automatic HTML/PDF-based report generator, including generation
and display of steady-state and handling simulation results
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preparation

<) create new data file

4= define/modify cleats geometry

4==m) check-in tire geometry data

<) check-in measurements

identification / validation

) footprint shapes
4=m) static and steady-state tests
=) friction cases

- in-plane cleat tests
<) out-of-plane cleat tests

finishing
) optimize numerical data

4=m) compute model properties

=) create report

report
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Directly measured data

size & geometry, mass,
vertical stiffness...

In-plane statics Traction/Braking In-plane cleat tests
small slip values
belt in-plane and lateral ‘ ‘ belt extensibility, in-plane
bending stiffness, belt damping, more tread rubber
longitudinal stiffness... tread stiffness... properties...
Out-of-plane statics Handling (F&M) Out-of-plane cleat tests
small slip values
- ‘ out-of-plane damping, belt
belt lateral and torsional belt out-of-plane bending out-of-plane flexibility
stiffness... stiffness... kinematics...

Friction characteristics
large slip values

sliding friction coefficients



scientific software

000
cosin
scientific software

Preparation

open project..

FTire/fit: GUI

[X| FTire/fit Workbench (2011-1-preview). Project: work

© @ ? & [E]ES v

Identification/Validation Post-processing

| _ identify all optimize numerical data

save project as..

FTire data files: measurement files:

| _ identify group generate infos

| use this.. _ check-in [v only new files ¥ only unique cond

list measurement group:
* none
" footprint shapes
(" static and steady-state cases
" friction coefficients
" in-plane cleat tests

compare latest two data files

replace cleat definition file.. I

edit cleat definition file

edit FTire/fit control file

clean working directory |

remarks..

select directory: if static, assume: ¢ vert.  horiz. ® automatic
| /Users/micha/cosin_work_2011-1-preview - select directory:

select file: [lUsers/michalcosin_work_201 1-1-preview /ft -

_best_so_far.tir — select file(s); right-click = all:
pa000. tir
pa001.tir

pa002.tir
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800 \ FTire/fit: image file import
image preparation instructions:

cancelcheck-in | skipthisfile | editimage | continue
the image below is an example and different from the one being checked in
image file
footprint.jpg
isa: cross-section (* treadpattern (" footprint ( diagram
tread pattern width [mm] 200
000 X/ FTire/fit: image file import
cancel check-in skip this file editimage continue age preparation instructions:
the image below is an example and different from the one being checked in
image file
footprint.jpg 2
isa: @ crosssection (" treadpattern " footprint " diagram
blue pixels define:  (® rim flange distance (~ other length..
X
Please mark:
N . (half tire is sufficient, will be mirrored)
* outermost carcass/belt line (half tire is sufficient, will be mirrored)
« left and right rim flange/well crossing point
with single pixels in colors as indicated, as accurate as possible.
Save the image as 24-bit bitmap with the proposed name.
Please clip the tread pattern at the front or rear
edsge such that it will generate a cyclic repeated
pattern, and resize the image such that the tread
pattern complete fills it, without any margin. The
tread pattern must be oriented with
circumferential direction along vertical axis
Save the image as 24-bit bitmap with the
000 X! FTire/fit: image file import praposed n:rf"e P
cancel check-in skip this file edit image continue | IMage preparation instructions: A
the image below is an example and different from the one being checked in
image file
footprint.ipg .
isa cross-section (" treadpattern  * footprint diagram .
. 000 X| FTire/fit: image file import
inflation pressure ® p1 " p2 C other value.. cancelcheck-in | skipthisfile | editimage | continue ‘"'"le preparation instructions:
the image below is an example and different from the one being checked in
image file
tread depth (-11f new tire) nm) | -1 footprint.jpg [N] side force (C-axis)
Y  cross-section " tread pattern  ( footprint  * diagram Eoy 3 ¢ )
UPd C20 40 @50 C60 ()80 100 €120 C other vale. : H
" J
x-axis signal: y-axis sgnal: O . )
camber angle [deg] ®0 41 (42 43 C4d 45 46 e » © time, s ~ times 3000-8- Cr e S B ;
102 O3 -4 0-5 -6 O other value..  tire deflection, mm tire deflection, mm |
long, displacement, mm long. displacement, mm ;
b/w threshold (0.1 [ 0.99 .  lat. displacement, mm ~ lat. displacement, mm 2500~ b
N N " camber angle, deg ~ camber angle, deg !
scale defined by @ length of redline (" scale factor + dpi Please add a horizontal or vertical  wheelslip, % wheel sfp, % !
fmm] [ 100 red line to the b/w footprint image, Side-stp angle, deg side-slip angle, deg 2000- 5
indicating a length of 100 mm. © tos ange, deg ~ toe angl, deg
5 he & A »  fore-aft force, N ~ fore-aft force, N
Save the image as 24-bit bitmap st torce, e fore, 1500 Please mark:
1 . wheel load, N ® whesl load, N « arbitrarily many points on the curve with single red pixels
" -' © overturning torque, Nm ~ overturning torque, Nm
" aligning torque, Nm " aligning torque, Nm 1000-|- . a)_(is pos_ilior!s of x0/y0, x0/y1, and x1/y0 with 3 single blue
" inflation pressure, bar inflation pressure, bar i pixels (in this example, x0=0, x1=70, y0=0, y1=3000).
velocity, m/s velocity, m/s
[e - 500-]-- - o o
footprint length, mm footprint length, mm Then, save the image as 24-bit bitmap with the proposed name.
TVDEX coordinate system: @ C-axis  C W-axis  ( Heaxis . :
axis end values:
- x0 ) x1[ 1.0 yo[ 00 yi[ 10 0
plot imported file ‘ editimported file ‘ i
-500 T f T T T f T
0 10 20 30 40 50

60 70
lat. displacement [mm1
VY
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O O O |X| FTire/fit: select ste...

+ show all tests

"~ show tests relevant for a single parameter

compare pmmu{ identify pmmeteni

first_deflection
rel_long_belt_memb_tension
belt_lat_bend_stiffn (no data)
stiffn_tread_rubber (no data)
rad_dynamic_stiffening
tire_long_stiffn (no data)
tire_lat_stiffn
tire_tors_stiffn (no data)
belt_torsion_stiffn (no data)
belt_twist_stiffn (no data)
belt_out_of_plane_bend_stiffn

OO0
select all

FTire

FTire/fit: Measurement / Data Dependencies

X! FTire/fit: static and steady-state measurements

deselect all compare selsctec* identify selected | save as reference

" fast @ standard ( accurate simulation. Parameters: I
" small

¢ standard ¢ wide  extrawide © maximum deflection range used in identification

steady-state measurement files:
sel plotimg cmp id mes sim par del simulation details

CUCUE R U U URUICUE R
LLLLEEEEEEE

S I vert 2p8

S || Jvertcleat tra 2p8
Dl || Jvert drum 2p8

S 1 vert drum 2p8 51v
S 1 vert drum 2p8 100v
D | | lat 2p8 3f23

| |11 latcleat tra 2p8 3fz3
D || | Itors 2p8 3fz2
D) ||| Iside idr 2p8 50v

S 1 side idr 2p8 50v 6cam0
D 1| Iside idr 2p8 51v -5cam9
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.thank you for your attention!

Q& A

000 cosin scientific software: FTire Animations a
| «| » || + | C hups://cosin.eu/pres_FTire_movies ¢ | (@- Google )
m Router FTire Forum FTire cosin Google HSE HSEAdmin Google Maps Intel BW Bank Miinchner Bank »

cosin
scientific software

cosin scientific software: FTire Animations | 2009/10/15 19:24

4 1,
FTire etc. B
Loged in as:

. [mg] Michael Gipser " " o
demo versions ’ COSIN Sbroad. ey demontrte tn wide varty o FTine sppbeatons.
papers, subscribe / unsubscribe Tire/Road Contact

animations, .

» Products
» FTire and more
ad

documentation, b

» Utilities ..

Animations

Parking manoevre

. » More Documentation Local belt
» Download deformation
» Flire Libraries
) » Fire Extras
» Papers/Presentations
. » Fire Animations —
and more. » Copaae
» Partners g
» License Terms (EULA) =
» Copyright Statements
» Contact / Legal notice = =
» Data Exchange Sine wave with .
Truck tire passing  Rolling over a
» Cosin Admin decreasing wave Abigbme - higheurd Detailed tread

length

> » Web Server Statistics
WWW.Ccosin.eu » siemap
[_Production mode & .
Belt Dynamics, Thermal State, Tread Wear
“Content Manager
“Logout




