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Modern car tires and road surfaces are supposed to be constructed for safe, economical, pleasant and environmentally
friendly driving. Three performance measures that would
quite well represent the major operational characteristics of
interface between tires and road surfaces would be noise
emission, wet friction and rolling resistance. Since the latter
affects fuel consumption, it also affects economy and exhaust emissions.
Many prognoses predict that in perspective of 15 -20 years
low emission vehicles - LEV (that is hybrid vehicles - HV
and electric vehicles - EV) will dominate traffic in big cities. The most important problem that must be solved to enhance the use of LEV's is a considerable increase of their
range. The range of any vehicle may be increased by lowering its energy demand and/or by increasing its energy storage capacity. This paper addresses the first option - lowering rolling resistance that plays an important role in the
overall energy consumption for vehicles driving with moderate speeds.
In the case of city vehicles, especially of HV and EV type,
skid resistance doesn't play very important role, as speed of
such vehicles within city limits is usually severely restricted
by traffic regulations. In opinion of the present authors in
certain cases, for low speed roads, it is possible to sacrifice
high value of wet skid resistance for low rolling resistance
and low tire/road noise.
2. Optimization of tires
Tire construction constantly evolves from the time when
Dunlop invented the pneumatic tire in 1888. Most important tire parameters that control its properties are listed
in Table 1. The table also indicates in general terms the influence of those parameters on rolling resistance, skid re-
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Of course usually a tire is optimized for a combination of
different properties that also include dry skid resistance, in
case of winter tires traction on snow and ice, cornering
properties, wear and very often also for being "visual appealing". In Fig. 1 two tires with very different rolling resistance are shown. Tire Continental BLUECO is constructed in a way to reduce rolling resistance while tire
Avon AV4 is not. Rolling resistance measurements performed on very rough replica of surface dressing show that
tire BLUECO has 67% lower rolling resistance coefficient
than tire AV4 (see Fig. 2).
Tab. 1 Influence of various tire parameters on tire performance
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Aspect ratio
Rubber hardness
Rubber hysteresis
Tread pattern grooving
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Tread depth
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sistance and tire/road noise. Based on the table it is possible
to specify the design parameters for "ideal" tires. Let's assume that it is desired to manufacture a tire with very good
wet skid resistance, even worsening other parameters. Such
a tire should be narrow with big diameter and be manufactured with high hysteresis rubber [1]. Belt should be stiff
and the tread should have a lot of deep, best of all transverse grooves. If it is desired to have a low noise tire, it
should also be narrow and have big outside diameter, but
rubber hardness should be low and hysteresis high. The tire
would benefit with rather fine tread pattern showing longitudinal orientation of grooves. Finally, a tire optimized for
low rolling resistance should be wide, with low aspect ratio
and big outside diameter. Rubber hardness should be high
but hysteresis low. Belt should be stiff and tread pattern
should have rather small depth with many fine grooves.

Wet skid
resistance

Résumé / Abstract : During interaction between tire and road
surface three very important phenomena are always in effect. One
of them (very desirable) is friction that is important for traction,
braking and cornering. Two other phenomena are not desirable at
all, that is rolling resistance and noise. This paper discusses relations between road surface and tire parameters versus tire rolling
resistance. Road surface texture, porosity, impedance, strength
and wearing resistance must be optimized for the best performance in certain condition. Different requirements apply to tires
and road surfaces intended for high speed roads and different
characteristics are desirable for road surfaces and tires designed
for low speed urban areas, especially where the traffic is composed with many low emission vehicles (LEV). The authors work
on optimization of tires and road surfaces for LEV’s (hybrid and
electric cars) within the Polish-Norwegian project LEO.




























3. Optimization of road surfaces
Long gone are the times when the primary criterion for
making decisions about the use of different types of road
surface was only their mechanical strength and resistance to
rutting. Nowadays, depending on the type of the road and
its location, designers take into account also traction
(especially in wet or icy conditions), noise emission and of
course comfort.
Most important road surface parameters that control its
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properties are listed in Table 2. The table indicates also the
influence of those parameters on rolling resistance, wet skid
resistance and tire/road noise.

the road must have low IRI index. It is still an open question if high stiffness of the pavement is necessary, but project PERSUADE, funded by the European Union, is soon
going to answer this question.
In Fig. 3 rolling resistance coefficients obtained for three
test tires on two different road surfaces with very different
rolling resistance properties are shown. The surface dressing is a very coarse type of surface used in many countries,
especially with severe winter conditions. ECO surface has
very smooth texture and is designed to reduce tire/road
noise as well as tire rolling resistance. The average difference in rolling resistance on those two road surfaces is of
about 20% and this corresponds to energy savings of about
6%.

Fig. 1 Tire Continental BLUECO (left) and Avon AV4 (right).

Fig. 3 Rolling resistance coefficients obtained on very rough surface dressing and smooth ECO surface.

4. Conclusions

Fig. 2 Rolling resistance coefficients of Continental BLUECO and Avon
AV4 tires.
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Wet skid resistance

Tab. 2 Influence of various road surface parameters on tire performance
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Based on the table it is possible to specify the design parameters for "ideal" road surface. If it is desired to build
road pavement with very good wet skid resistance for
highway use the optimal solution seems to be very rough
texture and open (porous) structure that drains water quickly. For applications where tire/road noise is of prime concern surface texture should be smooth and structure of the
surface should be porous and flexible. To reduce rolling resistance (for example to increase operational range of electric or hybrid vehicles, texture should be very smooth and
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It is not possible to manufacture "ideal" tires or road pavements that would have all relevant characteristics at the
most desired level. It is however possible to optimize tires
and road pavements for certain applications. In the case of
tires intended for LEVs and road surfaces for city centers it
seems that low rolling resistance may be the most important
optimization criterion. One may argue that also low noise
emission must be considered, but electric vehicles are inherently quiet and for slow speed driving in towns certain
tire/road noise emission may be required to warn pedestrians about coming vehicles.
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