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Introduction

Motivation — Outdoor and Indoor snow tests
Outdoor vehicle tests Indoor laboratory tests

g

strengths: strengths:
* real life conditions « all year around winter testing
 customer relevant * just tire properties — no interaction
* high efficiency « controlled test conditions

The enrichment of Outdoor by Indoor lab testing
is an ideal instrument to achieve all year around
winter testing under highly controlled conditions.

constraints:

* just during winter periods
* interaction with vehicle

* no controlled test conditions Jn > Institute of Vehicle Science
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o Prof. Dr.rer.nat. Frank Gauterin  © 2007



Universitat Karlsruhe (TH)
Research University - founded 1825
- Karlsruhe Institute of Technology
Introduction

Indoor drum test rig for snow tests - technical data

/ Drum further tests:
/[
- s - asphalt, concrete
' i" | - iced and wet tracks
1 - dynamic response
g at run over obstacle
-lti- IL ,II |
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Indoor tests

Procedure for side force measurement on snow

6 one run force coefficient 0.6 series of 8 runs
= 4 —a u _ oy E 05 —a—-Fz=213 kN -
w2 —F2l TR, Z 04
E ’ \ - . E . —a— == -
.- 0 \-’"‘/ average force coefficient £ 0.3 +—s— ——
. \ ,.,-—, 1 n o
5 2 \ / \ 7/ b,_m=—>(u, (1°<|a|<5°)s 02
- . nee s 0.1
ﬁ '6 T T V . DD I I I I I I I I T
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timet/s run j
s Side force characteristics
- —Fz=4.26 kN
2 - _
= —Fz=2.13 kN
> 1 ™,
! \
L
® 0 \ Tire’s side force performance
5 4 \ determined in 4 single alternated
Q@ runs and compared to one
w-2 reference tire.
-3
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Indoor tests

Procedure for traction force measurement on snow
one run eftraetlen measurement

60 3 z force coefficient
—ellp S =<
40 1 —traction force F_x e k.
=< desired traction force F_x / E My = F
» 20 18 .
= f“ c average force coefficient
0 P———t— N 0 © 1«
-20 -1
2 3 4 5 6 7
t/s
Traction characteristics
> 3
—
~ 25
%
w 2
% 15 4"
= 1 ( Tire’s traction performance is
3 05 - —Fz=426kN again compared with one
B . —Fz=213kN reference tire.
6 10 20 30 4ID 50 Institute of Vehicle Science
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Indoor tests

Correlation Outdoor — Indoor for driving traction results

Indoor - Outdoor Rating Results

140% Correlation:
. - tire group A (-14 ... -8°C):
| : R?=80%
120% | o / , tire group B (-12 °C):
_ -/ R? = 95%
g . L
= 1
o 100%
=
© .
80% ;
¢ tire group A : ]
¢ tire group B
trend (A) * Excellent correlation at same
- -trend (B) o
60% . . . boundary conditions.
50% 80% 100% 120% 140% * Higher spread of results.
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Tested tires
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Name size Load | Speed | ETRTO shore tread pattern
Index | Index | max.load | (A)
All Season 91 H 5.4 kN > 65 ripped, less small sipes
Winter 94 V | 65kN 6065 | band-shaped and many small sipes
Sport 205/55 ' P y P
R16 : :
Winter 91 H 5.4 kN 60 — 65 less bgnd-shaped, thicker sipes and many
small sipes
Nordic 91 Q 5.4 kN <60 high structured, blocks and high sipe density
tire “winter”: small sipes
band
« Typical winter tires
tested within parameter
studies.
block Institute of Vehicle Science
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Parameter Studies

Track characteristic — Influence of track hardness

Penetrometer | Influence on side force characteristic
mass m = 0.218 kg Z 04 . 04 , ,
drop height =0.22 m Q 1 Winter ; — -; —288 (CT
::%4 £ 0.3 4 7 Morde . 2 02 —92(CTH |
E i S | All Season 4=
O L1 1]
c 0.2 S 00
3 ' 5
& 0.1 L2 -0.2
: 3 =
Snow‘ % 0.0 . . . ® g4
78 82 86 90 94 -6 -4 -2 0 2 4 6

hardness (CTI) slip angle o /~

* Penetrometer - Determination
of local track hardness and
compressibility.

+ sipes filled with snow at low
hard tracks
- increase of snow/snow
friction.

compression

medium hard pack snow
track 80-84 CTI

hard pack snow = JBBIR. > Institute of Vehicle Science
track 84 — 92 CTI \ |FFMA and Mobile Machines
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Track characteristic —

10
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Influence of snow shear resistance

Correlation Cutting force - Side force coeff.

knife of snow track of tire "Winter Sport"
conditioner 0.5
. . E
Cutting Force F; ~ Shear Resistance o 04
5
S 03 e,
E Qo= -Fa
» 0.2
A
= 0.1
& Correlation Rz = 90%
D T T T T

tension

0 0.1 0.2 0.3 04 05
cutting force F_c / kN

Shear resistance of snow = 2"9 major mechanical
property.

Cutting force determine shear resistance along big
snow fields.

Interlocked snow block submits high forces, when
shear resistance is high.
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Parameter Studies

Ambient temperature

Ambient temperature - Influence on side force

3
Q
0=
L8 X2
sx T ——
° \\
%
o LL1
= Nordic e
Winter snow harcdness 88..89 CTI
—s—\W\inter Sport vertical load Fz=5.17 kN
D [ [ I [
-18 -14 -10 -6 -2

11

ambient temperature / °C
Friction heat > water film

which depends on

+ ambient temperature;

* tire’s specific heat transfer
Force performance higher at
low ambient temperature.
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Vertical tire load — side force

12

cormering stiffness

max. side force coeff.

3 3 -

o=

‘% 2 52
[

o | B E

=] 1 ” P }]1 f

LL 7/ g L /(

I:I T T T T I:I g T T T
0 2 4 5 8 0 2 4 8
F z/kN F_z/kN
0B Mordic

L0E Winter

>.< .

g 04 ——"Minter Sport

=

S 03 - [, snow hardness : 88...90 CTI

* amb. temperature : -9...-8 °C
0.2 ' ' ' ' inflation pressure : 2.5 bar
o 2 4 B B
F oz /kN

XKIT
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digressive character for
cornering stiffness;

increasing side force maximum;
decreasing side force
coefficient.

- Tires shouldn’t be overloaded.
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Parameter Studies

Vertical tire load - Traction

4 4
) ]
2. 3 5z 3 /
£ = =X
== [~
W 2 e /
£ BE”
T ¥ =
20 o L
g
[:I T T T T
0 2 4 3 8 0 2 4 G a8
F z/kN F z/kM
T 05
0 /"—0 =—="inter Sport
LU
E P 04 g
5 E » digressive character for
g 503 snow hardness : 88...90 CTI longitudinal stiffness;
. amb. temperature : -9...-8 °C * increasing traction force
g 02 . ' ' ' inflation pressure : 2.5 bar maximum;
o 2 4 6 8 - decreasing traction force
F ZikM coefficient.
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Parameter Studies

Inflation pressure — Side force

3 3
=—"Afinter Sport =
g ' =
= Winter =
—_ [nn}
o =
= |
o 2 IEIE 2
£ =
: 5
— . ||
iy}
g 1 W]
2 £ snow hardness: 88...90 CTl
af amb. temperature : -9...-8 °C
tire vertical load :  5.25 kN
I:I T T T T T I:I T T T T T
1.0 15 2.0 25 300 35 40 10 15 20 25 30 35 40
inflation pressure p f bar inflation pressure p f bar
B D V)
 digressive character for
cornering stiffness;
+ slight increase of side
force maximum and side
, . Tt ~— force coefficient.
| ’.
inflation pressure p: medium high SR~ Institute of Vehicle Science
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Parameter Studies

Comparison — Influencing factors on side force

Influence on performance of tire "Winter Sport”

0.1
0.075
E: —
®
=
7 0.05 ——
= S
| Thn
0,095 0.012
2 bar
D DL | : N |
inflation pressure p  vertical load Fz amb. temp.
1.5 ..3.5 bar 28 ..7.8kN -18...-8°C

Ambient temperature has
highest influence on side
force performance.
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Theory — Hypothesis of force transmission :

Force transmission mechanisms

- Slip low - Slip high - Slip high
- Contact pressure high - Contact pressure high - Contact pressure high
- Cohesion of snow high - Adhesion higher than - Less deformation
- High tread blocks with fine cohesion of snow of snow
sipes

Force transmission on
snow tracks involves 3
mechanisms.
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Theory — Hypothesis of force transmission

Physical Model — Interlocking between tread and snow
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Bending stress:

lim o, pex =0

L—oo

Shear stress:

3 F x \

X)=—- x 1= —
P () =5 5 (B/zj
3 F

Ty max (X =0)= 2

As bigger the interlocked area,
as lower the transmitted stress.
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Theory — Hypothesis of force transmission

Physical Model — Interlocking between tread and snow

Traction performance of different tested tires
correlate to interlocked area of their tire pattern.

06 tire
;l > mechanical
2 05 design
S 04 limitation
&
E 03
5 02
= ' Correlation B= = 89%
[aN]
=01 hardness of snow track a0
= ambient temperature S10...-120C
- contact area 0 ' ' ' '
] 20 40 &1l 80 100
B interiocked area interlocked area f cm?®

Traction performance increases, if
interlocked area is enlarged by
adding more sipes.
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Hypothesis of force transmission on snow

friction heat

sSnow

UK > 'UR > 'URi >> 'U'T

Limitation of maximum side force by thermic boundaries

—thermic boundary -3°C
sicde force at-3°C —

0.6
v 05
= —thermic boundary -11°C
E 04 \ side force at-11°C —
= 03 vertical load Fz=5.2 kN _
o P pressure p=2.5 bar
g 02+ water film——— show hardness 87...89 -
O Friction heat leads to water film.
2 0.1 Physical formula is found to
N— T calculate thermic boundary.
DD | I I I I %
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Conclusion

> Tire force transmission tests on snow tracks at the internal test bench all year
around.

» High Correlation between Outdoor and Indoor results.
> Influence of ambient temperature is very high and tire dependent.

> At hard tracks distinctive force maximum can be found.

> Higher side force performance at low load and high inflation pressure.

> Force transmission is limited by thermal and mechanical properties of the track.
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Thank you for your attention!
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