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Introduction

The dominant noise component of road traffic is gener-
ated by the tire rolling on the road surface. The tire-road
noise is influenced by the roughness of the surface and the
tread pattern of the tire. In this context, the horn effect
is known as an amplification mechanism of the tire-road
noise radiation. The horn-shaped geometry between the
tire and the road surface leads to an amplification of the
sound pressure level. Usually, the tire is running on a
flat road surface. In some cases, e. g. test stands, the tire
will run on a curved surface, where the curvature can be
convex or concave. The influence of the curvature will be
investigated by using the finite element method (FEM)
for solving the radiation problem.

Theory

The tire-road noise is an important component related to
traffic noise. Measurements were taken in Europe with
a trailer applying the close-proximity method (CPX) [1].
Here, two microphones are mounted near the sidewall of
the tire in a trailer lined with sound absorbing mate-
rial. In Austria, additionally the RVS 11.066 [2] is used,
having also two microphones and a trailer in usage. In
the US the on-board sound intensity (OBSI) method [3]
is used, where two intensity probes are placed alongside
the leading and traling edge of the tire. Different from
CPX and RVS, OBSI doesn’t use a trailer. The inten-
sity probes are mounted directly on the vehicle. During
the measurements ambient conditions like vehicle speed,
temperature, wind speed, etc. have also to be recorded.
The tire-road noise can also by measured using test
stands, obtaining some advantages compared to the out-
door measurements. The weather-dependence can be ne-
glected and additional measurement technology can be
used. On the other hand, one have to deal with some
restrictions, e. g. self-noise of the test stand, sound re-
flections, a realistic road surface and tire-road contact,
etc. Outer and inner drum test stands are often used
for measurements. Here, the tire is rolling on a concave
respectively convex surface. Due to this fact the contact
patch will be different than a tire on a flat surface. Here,
the influence of such a curvature on the horn effect is
studied.

Horn effect

The geometry between tire and road surface is shaped
like an exponentially horn (see Fig.1). Through the
impedance jump due to the change of the geometry the
radiated sound will be amplified. The amplification of the
sound pressure level (SPL) lies between 7 and 20dB [4],
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horn effect

Figure 1: Geometry between tire and a flat road surface.
The horn effect leads to an amplification of the sound pressure
level.

depending on the frequency and the observation point.
The so called horn effect is highly developed at wave
lengths, which are approximately equal to the tire radius
[5]. The amplification caused by the horn effect depends
also on the road surface and the geometry of the tire.
On sound absorbing road surfaces the effect is less pro-
nounced. Furthermore, the tire diameter and the wide-
ness of the tire influence the effect. Large and wide tires
leads to high sound amplification [6].

Simulations

In the following, the influence of a concave curvature on
the horn effect is investigated. This situation is present,
e. g.on an inner drum test stand. In Fig. 2 the cross
section of the simulation model is depicted.

perfectly matched layer

tire asphalt

Figure 2: Cross section of the simulation model.

The tire and the steel ring were modelled acoustically
hard. In the simulation a slick 225/60 R16 tire was
used. Hence, the tread pattern was neglected. To
achieve free field conditions a perfectly matched layer
(PML) was used. For the study different diameters of
the ring were considered (see Fig. 3(c)-(d)). Further-
more, two different types of asphalt have been used in
the simulations. To quantify the effect of different curva-
tures on the horn effect two reference setups were used.
Setup 1 in which the tire is omitted (Fig. 3(a)) and setup
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Figure 3: The two reference setups and the models with
different diameters of the steelring.

2 where the tire is present in the simulation domain
(Fig. 3(b)). For purposes of comparison, the size of all
models (6.4m x 2.0m x 5.8m) and the position of the
sound excitation were the same in all simulations. The
sound excitation was realized by 5 nodes on the trailing
edge between tire and road surface in the center of the
horn shaped geometry. The simulations were done with
the FEM-code CFS++ [7]. In the simulations frequen-
cies between 500 Hz and 1500 Hz were considered, since
in this frequency band tire-road noise is dominant [4].

Asphalt modeling

As mentioned earlier, two different asphalt types were
considered. The two types in the simulations are AC8
(asphalt concrete) and SMA/LAS8 (low-noise stone mas-
tic asphalt). As one can see in Fig. 4 the absorption
coefficient of ACS8 is quite small, and therefore this type
was modeled acoustically hard. One the other hand, the
SMA /LAS leads to some absorption. The SMA/LAS as-
phalt is like a porous absorber. The porous asphalt can
be considered as a layer of an equivalent complex fluid
having a frequency-dependent effective density peg and
bulk modulus Keg. To get the parameters the Zwikker
and Kosten model was used [9]. For the effective density
and the bulk modules one obtains
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The porosity ¢ and air flow resistivity o was chosen ac-
cording to measurement results [8]. The parameters for
modeling the SMA/LAS asphalt are depicted in Tab. 1.

122

0.5
——AC8 (Measurement 1)
——AC8 (Measurement 2)

0.4 ==SMA/LAS8 (Measurement 1)| |
f . —=SMA/LAS (Measurement 2)
5
'S
& 03
13}
o
S
=
202
s .
g Loen _emsTIEe=mtTi_
< 0.1 Szt

e
————lT
p—— "
0
500 1000 1500
Frequency / Hz

Figure 4: Measurement results of the absorption coefficient
of AC8 and SMA/LAS asphalt [8].

Table 1: Model parameters.

Parameter Unit Value
Prandtl number Pr - 0.71
Nusselt number Nu - 3.10
Static pressure po Pa 1.013 - 10°
Air density po kgm™3 1.213
Ratio of specific heat v - 14
Angular frequency w st 27 [500. .. 1500]
Air flow resisivity o Pasm™? 3000
Porosity ¢ % 10

To validate the model parameters of the asphalt the
absorption coefficient was determined by the transfer-
function method (2p-method) [10]. In Fig. 5 the simu-
lation result is displayed, which shows a good agreement
with the measurement results.
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Figure 5: Validation result obtained by the transfer function
method. Comparison with measurement results done at BASt
(Bundesanstalt fiir Stralenwesen).

Evaluation

To compare the different models (Fig. 3) the sound pres-
sure level difference ASPL and the sound power level
difference ASPW were used. The ASPL is obtained by
p(z)

3)

ASPL = SPL — SPL,. =201 ,
(33) f(df) 0810 pref(m)

where the SPL(z) denotes the sound pressure level and
p(x) the sound pressure at a monitoring point . For the



sound power level difference one has

ASPW = SPW — SPW,; = 10log;, S

Pa,ref (4)
with SPW as the sound power level and P, the sound
power. For the calculation of the sound power the area
at the interface to the PML was used. The subscript ref
indicates that the value at the reference setup is used.
First, setup 1 (see Fig. 3(a)) and setup 2 (see Fig. 3(b))
were compared to determine the horn effect on a flat
road surface. The used monitoring points are displayed
in Fig. 6. One of the monitoring points (RVS-1) coincides
with a measurement position in the RVS 11.066.
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Figure 6: Three monitoring points for the determination of
the horn effect on a flat road surface.

The reference for the determination of the pressure in the
presence of a tire is setup 1, there the tire was omitted.
The result of the ASPL is given in Fig. 7 and for ASPW
in Fig. 8.
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Figure 7: ASPL on AC8 and SMA/LAS8 at varying moni-
toring positions.
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Figure 8: ASPW on the two different asphalt types.
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One can clearly see the effect of a sound absorbing road
surface. The amplification of the SPL on the SMA/LAS8
is quite lower than on the AC8. Moreover, at the low-
noise asphalt the amplification is almost the same in the
considered frequency range. Furthermore, the monitor-
ing point RVS-1 shows different behavior than the mon-
itoring points in a larger distance.

Next, the different diameters of the ring will be com-
pared. For this reason, setup 2 was chosen as the ref-
erence setup to show the influence of the curvature on
the SPW and SPL. To determine the ASPL the sound
pressure at the RVS-1 position was used. At the smallest
ring diameter the deviations are largest. On the non-
absorbing asphalt AC8 the deviation is slightly higher.
In addition, the ASPL over frequency shows a non-
monotonically behavior, which is caused by standing
waves in the ring. Thereby, the standing wave field on
the reflecting asphalt ACS8 is more remarkable. Further-
more, at a higher ring diameter the deviations becomes
less. The simulation results are depicted in Fig. 9.
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Figure 9: (a) ASPL on various ring diameters on SMA /LAS8
(b) ASPL on various ring diameters on ACS.

The results for the sound power are showing differ-
ent behavior. In the case of the absorbing asphalt
SMA/LAS8, the ASPW becomes negative at higher fre-
quencies, i. e. the sound power decreases. On the ACS
the behavior is the same like in the sound pressure re-
sults.

For all simulations on the different ring diameters,
whether for ASPL or ASPW the same conclusion holds;
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Figure 10: (a) ASPW on various ring diameters on
SMA/LAS8 (b) ASPW on various ring diameters on ACS.

If the ring diameter increases, the deviation to the refer-
ence, where the tire was omitted, will decrease.

Conclusion and Outlook

The study showed the influence of a concave curvature
on the horn effect. The ASPL and ASPW were used to
quantify the effect. On the largest considered diameter
the difference on the sound pressure level was approxi-
mately 1.8dB. Moreover, the influence of a porous and
absorbing asphalt was shown. On the absorbing asphalt
SMA /LAS8 the horn effect was less pronounced. Further-
more, one could see that at larger diameters the devi-
ations become less compared to the situation on a flat
road surface. Further investigations will be carried out
to see also the effect of a convex curvature. In addition,
the position of the acoustic excitation will be varied since
previous investigations have shown that the position has
an impact on the horn effect.
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