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COSi n FTire and Puzzling Tire Physics:
scientific software Teacher, not Student

Why is FTire a teacher?
What can FTire teach?

How does FTire teach?



Why is FTire a teacher?
What can teach?

How does teach?



CO.S] n. . The World of Tire Models
scientific software

Complexity & Potential Application Range
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the descriptive approach: ‘focus on effect rather than on cause’

=»> mathematical quantitative description of most important but isolated properties

=> combination by assumed superposition of nonlinear properties with nonlinear
cross-correlation
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: . The Descriptive Approach
scientific software P il

Tire model is student;
the developer must teach his model its complete behavior

‘you get what you have programmed’
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: . The Descriptive Approach
scientific software P il

pure handlig with bicycle model?

pure slip, single wheel load ‘

pure handling with full vehicle model?

pure slip, Fz-dependent '

simultaneously cornering/braking? combined slip '

parameterization using drum tests curved drum surface '

stand still, parking ‘

temperature dependency '

vehicle model for driving simulator

vehicle model for motor sports

vehicle model for ride comfort mildly uneven roads ‘
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Explicit FE
Models

Abaqus,..

CDTire RMOD-K

Comfort .
[ Reifenmodell
and Durability Komfort

Tire Model

Flexible
Structure
Tire Model

FTire )

the analytic approach: ‘focus on cause rather than on effect’
=> physical, consistent, and comprehensive description of relevant mechanics/
thermodynamics/tribology

=> model-inherent interaction effects between components and features; no need
for extra modeling
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Explicit FE
Models

Abaqus,..

FTire

Flexible \'
Structure
Tire Model

Comfort
and Durability
Tire Model

Reifenmodell
Komfort

Tire model (in parts) is teacher:
even the developer can learn from the model’s predicted
behavior in new operating points

‘you get more insight than you have programmed’
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: e The Analytic Approach
scientific software
Explicit FE -
Models
Abaqus, .. W \i’\\.
FTire (N CDTire RMOD-K 745 &
Flexible o Comfc_;rt Reifenmodell
structure i and Qurablllty Komfort
Tire Model ‘@,A.‘ Tire Model
discretization
abstractions
simplifications

+ negligances I

but yet observing all relevant
physical principles




Why is a teacher?
What can FTire teach us?

How does teach?



COSi n FTire and Puzzling Tire Physics:
scientific software Teacher, not Student

A lot.

Some examples:

1. parking torque

2. handling on flat road
3. relaxation length

4, ‘attracting’ cleat
5

. handling on rough road



cosin What can FTire teach us?
scientific software Example 1 Parking Torque

tire deformation and stick-slip
when parking at very high wheel load (10 kN)

lat. shear stress tire 1 [MPa]
>16
14.186
12.14
2

06.08
04.06

Io,a .04
<02

contact elements: force vectors
t= 0.1000s

COSIN scientific software



COSi n What can FTire teach us?
scientific software Example 1 Parking Torque

parking torque depending on inflation pressure and tread depth

parking torque, Nm parking torque, Nm
600 600

400 -] \\ \ inflation pressure 4 \

\\ \
decreasing

) ANENAN BN\
MEA\NE o N A\
HEER\NIAN A A

A\ ~—

-600 -600
-10 -5 0 5 10 -10 -5 0 5 10
toe angle

"

i

== inflation pressure 1.7 bar toe angle == tread depth 2 mm
== 2.7 bar == 5mm

= 3.7 bar = 8mm



COSi n What can FTire teach us?
scientific software Example 2 Handling on Flat Road

handling characteristics at different tread depths on flat road

[N] side force (C-axis) [Nm] aligning torque (C-axis)
4000 0
3500 ~104 /7?‘—
; —20 - ,/
3000
-30 decreasing
tread depth
2500 decreasing 40 .
tread depth \\ \
2000 -50 \ \
1500 ~60 \ /
70 \ v/
1000 \
50 \/
500 90
0 -100
0 2 4 6 8 10 12 14 16. 18 20 0 2 4 6 8 10 12 14 16_ 18 20
== 8 mm tread depth (flat road) slip angle [deg] == 8 mm tread depth (flat road) slip angle [deg]
== 6 mm = 6 mm
== 4 mm == 4 mm

=2 mm =2 mm



cosin What can FTire teach us?
scientific software Example 2 Handling on Flat Road

handling characteristics at different inflation pressures on flat road

[N] side force (C-axis) [Nm] aligning torque (C-axis)

4000 0 S—
N ]
-10+ —
- N A =
3000 - N

|
¢
&

o
7/

/

2500 o 40 AN
ol WS MR\
1500 // // —60 \\ / /
/V/ 70 \\"/ / /  inflation
1000 / / . / / pressure
500 / 0 \\“/
\

/

0 -100
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
== 1.0 bar inflation pressure (flat road) slip angle [deg] == 1.0 bar inflation pressure (flat road) slip angle [deg]
- 15 bar = 15 bar
== 2.0 bar == 2.0 bar
= 2.5 bar == 2.5 bar
3.0 bar 3.0 bar
3.5 bar 3.5 bar
= 4.0 bar = 4.0 bar



cosin What can FTire teach us?
scientific software Example 3 Relaxation Length

side force relaxation due to suspension/road induced wheel load ramp up/down
v = 20 km/h, slip angle 6 deg

lat. shear stress tire 1 [MPa] G wheel load (C-axis), tire 1

>1.6 201
Mi4.18
&) 4

1.2 .
) B b
os..
' 06 ..
04.06

02.04
<02

O =)=

8

~20000.5 time, 3

side force {C-axis), tire 1
4000,

25

-6000 5 time, s

contact elements: force vectors
t= 0.0200s

COSiN scientific software

25



cosin What can FTire teach us?
scientific software Example 3 Relaxation Length

side force relaxation due to slip angle ramp up/down
v =20 km/h, F, =7.8 KN

side force, N side force, N
5500 5500

5000 o 5000 \\

4500 / 4500
/ \

4000 / 4000 \
/ D 3500 \

3000 / / 3000 \ \
2000 / / 2000 \\
1500 - 1500 \ \\
1000 // / 1000 \ \\\
500 }/ 500 \‘\\\
0 \M

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
time [s] time [s]

0

== slip angle 0 deg —> 2 deg == glip angle 2 deg —> 0 deg
== 0 deg —> 4 deg == 4 deg —> 0 deg
== 0 deg —> 6 deg == 6 deg —> 0 deg



cosin What can FTire teach us?
scientific software Example 3 Relaxation Length

side force relaxation due to wheel load ramp up/down
v = 20 km/h, slip angle 4 deg

side force, N side force, N
4000 4000

3000 /-’7 = 3000 ‘.\\‘
2000 / / 2000

1000 // 1000 A I\
0

P

N\~

| @
—

VvV

-1000 -1000

-2000 ~2000 v

-3000 -3000

—4000 —4000
0.0 0.1 0.2 0.3 04 0.5 0.6 0.0 0.1 0.2 0.3 0.4 05 0.6
= tire deflection 20 mm —> 40 mm time [s] = tire deflection 40 mm —> 20 mm time [s]
== 10 mm —> 40 mm == 40 mm —> 10 mm

== 0 mm —> 40 mm == 40 mm —> 0 mm



cosin What can FTire teach us?
scientific software Example 4 Cleat ‘Attracting’ the Tire

short period of attracting (positive) longitudinal force at first cleat contact

[N] wheel load

Tos

rrrrrrr tire 1 [MPa) 8000
ll 16
12,14
Wi iz
Bosiss S M /\ M
'g% 5% - 7000 V’\ \n

6000
0.00 0.02 0.04 0.06 0.08 . 0.10
) time [s]
== wheel load (FTire)
== wheel load (measurement)
— first/last cleat contact
[N] long. force
1000

0 /;\ A\ D‘M o

cantast elements: force vectors : NS
t= 006005 LY \
COSI1N scientific software

-1000

0.00 0.02 0.04 0.06 0.08 . 0.10
. time [s]
== long. force (FTire)
== long. force (measurement)
— first/last cleat contact



COSi n What can FTire teach us?
scientific software Example 4 Cleat ‘Attracting’ the Tire

ground pressure tire 1 [MPa) % fore-aft force, tire 1

L)

ADOOO ===
mm

-600

coo—h—~
E o ]

0 time 0.01

chEm®: ME—

o

grid-line dist. 20 mm

blue lines: rim flange forces
t= 0.2254s

COSiN scientific software



COSi n What can FTire teach us?
scientific software Example 4 Cleat ‘Attracting’ the Tire

ground pressure tire 1 [MPa) ~ | 1L fore-aft force, tire 1
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COSIN scientific software




cosin What can FTire teach us?
scientific software Example 5 Handling on Rough Road

contact pressure distribution
passing Belgian block road at 50 km/h

ground pressure tire 1 [MPa] wheel load {C-axis), tire 1
516 10000 ,

0 ' time, s

fore-aft force {C-axis), tire 1
6000

u] time, s

contact elements: force vectors
t= 0.0200s

COSiN scientific software

035

035



cosin What can FTire teach us?
scientific software Example 5 Handling on Rough Road

handling ’characteristics’, unfiltered, on Belgian block road

v =20 km/h
[N] side force [Nm] self-aligning torque
I 500
6000 400 |
300 |
4000
200 - . 1k a
2000
100 S - 11
0 0
l |
-100
—2000 A
-4000 -300
-4
-6000 00
-500
-20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20

slip angle [deg] slip angle [deq]



cosin What can FTire teach us?
scientific software Example 5 Handling on Rough Road

effective handling characteristics on different ISO road classes and on Belgian block

[N] side force (C-axis) [Nm] aligning torque (C-axis)
4000 | | 30
decreasing 20
3500 road quality
/' e —
3000 ~ //’ 10
0
2500
/d / % |
2000
/ it
/ y 204
1500 \
-30 A\
1000 40 \\ y
500 _50 decreasing
w road quality
0 2 4 6 8 10 12 14 16_ 18 20 0 2 4 6 8 10 12 14 16. 18 20
= flat road slip angle [deg] = flat road slip angle [deg]
== road class F == road class F
== road class G == road class G
== road class H == road class H

Belgian block road Belgian block road



cosin What can FTire teach us?
scientific software Example 5 Handling on Rough Road

effective handling characteristics at different speeds on Belgian block

[N] side force (C-axis) [Nm] aligning torque (C-axis)
4000 30

3500 /
20 /
3000 /

_ P
- = Z

2000

W\

1500

-10
1000
-20
500 speed
0 / -30 |
0 2 4 6 8 10 12 14 16_ 18 20 0 2 4 6 8 10 12 14 16. 18 20
= 30 kmh slip angle [deg] = 30 kmh slip angle [deg]
== 60 kmh = 60 kmh
— 90 kmh ~ 90 kmh

== 120 kmh == 120 kmh



cosin What can FTire teach us?
scientific software Example 5 Handling on Rough Road

effective handling characteristics at different tread depths on Belgian block

[N] side force (C-axis) [Nm] aligning torque (C-axis)
4000 30
3500
20
3000
10
2500
2000 = 0 /A
1500 decreasing 10 decreasing
tread depth tread depth
1000
-20
500
0 -30
0 2 4 6 8 10 12 14 16_ 18 20 0 2 4 6 8 10 12 14 16. 18 20
== 8 mm tread depth Sllp angle [deg] == 8 mm tread depth S“p al’lgle [deg]
= 6 mm == 6 mm
== 4 mm == 4 mm

= 2 mm == 2 mm



Why is FTire a teacher?
What can FTire teach?

How does FTire teach?
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parameter variation loops

X Scripted Multiple Parallel Simulation

Define one or two nested parameter variations

select one or and/or model
Vary ined design qually sp:
[ vary pl from 05 step 01 15
[ vary 2 from 05 step 0.1 15
[ vary 3] f - - -

[ vary P4 f

and/or vary user-defined
v vary A
[Cvay  FZ  fro

and/or varyuser-defined |
[Cvay vV comm

[Cvary  FZ  comm

aQ

on- llne parameter variation

I\ Parameter Variation

] E—— —
133

2 |1 3
068
p3 3.00

1.87

P4 3.00

result list

[N\ Proportes of 245_40_R_18.97Y.8.6.r
FTire model properties

Tomnal nfistion pressure 27 bar
it 270 bar
o 189
s 388 kan/n
ius"o untaden. wninlated tire 32573 m
3z of untaden. inflated tire 32709 m
ameier of ualagen. inflated e G409 m
Fadtus “grouth with inflation EREE
tire mass 1638 ke
sl ke erfective free tire mss 6 55 K

of firen 35

tire radial monent of inertia (Ino)
Hr 3tial moment of inertia (iy) 5
STt Tato errective free bxe a8 Iy n us 3650 ka2
he T Fixed Shares of Dox and Try 51263 kgt

o528 ken2

relative long. belt menbrane tension 5098 %

Belt sty finess at

Sele ta rtare sending serimmess

s auoriplane belaing ot

s Dt e

belt tuist seitin

SEtUBE bor ot st mess
Zotinates belt toratonal stofrness 12692 N/des

reset

scripted plot generation

(o side force (C-axis)

s s
sip angle [deg]

parameterized tire data file

DeEExE XnBR

[COSTH_HEADER]
FIETPE = “eir
FILE VERSION - 7.0
FILEFORMAT = "ASCIT'

- wEROER ()

Ccoments)
{coment siring)
re Vanufacturer war
“Tire T o
"Tire Dinenston 2035 R 16 511 6.5
“Pressure 20
“Generation Dete
Case ot ication Dote S013/00/08 9:47"

TS

FORCE = “nenton’

s - la”

LeNGTH =
i defaplt.tir Top (1,60)

animations + movies

contact forces, structure distortion,
tread temperature, tire envelope...

How does FTire teach?
FTire Analysis Tools

parameterized simulation script

OBBxEs OB

r
* FTire simlation data: rolling straight on

v
v v

v

DEFS 2
DEFF 2

A

@ o

P 1

w 1

i 0.0001
H W

" 100
e 5.2

s 2

P 2

R 0.2

o 1 TEND 1 frowstep/to (5]
0.2 HI TEND 1 fron/step/to [s]
o 1 TEND 1 frowstep/to (5]

1 0-def 1-cosin 2-3rd-party
m
3]

result browser

detailed tire state output files:

rel_AL_O_50kmh.mil

OeExEs 9&@@

1 0
<o a P 2
s 4. 5. E N
<o, 1 B

7 h . 5!
s 1 B N
o P 7. - B
51 1 3

1 E 1 i

<o a P ®
- i 8. E 2
i 1

5. 1 5. 1 ®
<o E -4 2
ieen el Ll 2% Fundanental



COSi n FTire and Puzzling Tire Physics:
scientific software Teacher, not Student

.thank you for your attention! IR\ ~

0& A Fire

14 - 15 September 2015
Aachen

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

wWww.cosin.eu driving innovations fkﬂ))



