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Acoustical performance of winter tyres on two in-service road 
surfaces: a frequency spectrum analysis and comparison  

Tiago VIEIRA1; Ulf SANDBERG2 
Swedish National Road and Transport Research Institute (VTI), Sweden 

ABSTRACT 
In order to provide appropriate performance on potentially hazardous winter or icy road surfaces, it is 
common to employ specific tyres developed for such conditions. Such winter tyres may contain studs 
embedded in the tyre tread, or they may be studless. Additionally, it is possible to use so called all season 
tyres which are also fitted for winter conditions. In some northern countries, the usage of winter tyres is 
mandatory and it is commonly assumed that studded winter tyres are significantly noisier than non-studded 
tyres. This paper analyses noise measurements on various types of winter tyres, both studded and studless, 
and the results are compared to all season and summer tyres. The measurements were carried out with the 
CPX method to characterize the noise performance of different tyres on in-service road surfaces. A total of 
approximately 50 light vehicle tyres were tested on two different road surfaces, namely an SMA 8 and a DAC 
16. The analysis is focused on comparing different frequency spectra for each tyre category, providing a 
better understanding on how the presence of studs changes the resulting tyre/road noise in different 
frequencies and how winter tyres compare to all season and summer tyres regarding their frequency spectra. 
The results indicate how substantially the studs increase the noise level and drastically change the tyre 
acoustical behaviour at higher frequencies. The frequency spectra for studded tyres presented in this paper 
have a substantially different shape when compared to the spectra for studless tyres. The most characteristic 
difference between studded and non-studded tyres appears at frequencies above 4 kHz and is a result of the 
studs interacting with the road surface. 
 
Keywords: noise, tyre, winter.  I-INCE Classification of Subjects Number(s): 13,21,70 

1. INTRODUCTION 
While special winter tyres may not be a concern in Hong Kong they are used widely in countries 

and regions where roads may become icy or snow-covered for more than a few occasions per year. 
The attempts by the tyre industry to produce even better winter tyres are extensive and competition 
among companies is hard. Virtually every major tyre manufacturer offer winter tyres, which they have 
tested in advanced winter testing facilities in (most frequently) northern Finland and Sweden. 
Therefore, progress in terms of safety performance has been impressive. 

Some countries even require the use of winter tyres when “winter conditions” prevail. Sweden is 
one of them. In regions with severe winter conditions, often combined with a vast road network with 
sparse populations, clearance of snow and ice may not be as effective as in more moderate climates, 
which calls for the need of more extreme winter tyres; namely tyres with steel studs. In countries, 
such as Sweden, Norway, Finland, Russia and Canada, as well as some northern states in USA, the 
use of studded winter tyres is frequent. However, an unwanted side-effect of the studs is severe wear 
of the pavement surfaces, which causes emission of harmful particulates. Consequently, attempts to 
reduce wear without sacrificing friction have been made; also this with significant success. 

Potentially, winter tyres may be noisier and have higher rolling resistance than normal (“summer”) 
tyres, since they generally need a higher air/rubber ratio in the tyre treads. When studs are used it is 
clear that there is an additional noise source in the studs impacting and scratching the pavement 
surface. To explore these effects, a study has been made by the Swedish National Road and Transport 
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Research Institute (VTI), using the Technical University of Gdansk (TUG) as a subcontractor for the 
measurements. This was reported at the previous Inter-Noise congress [1].  

2. PURPOSE OF THIS PAPER 
At the previous Inter-Noise congress our paper about the winter tyre project reported extensively 

about the results of noise measurements, using only A-weighted overall noise levels, and about the 
results of rolling resistance measurements, as characterized by the rolling resistance coefficients. 
Additionally, a comparison was made between measured noise levels and levels labelled on the tyres. 

This paper is concerned entirely with noise properties and is more focused on frequency spectra 
than overall A-weighted levels; using these data attempting to explore and explain the physical 
phenomena that occur for rolling winter tyres. Special attention is given to comparing the noise 
emission and spectra from the various tyre categories. 

3. EARLIER STUDIES BY VTI ON WINTER TYRE NOISE 

3.1 Tests 1995-2000 
The first major testing of winter tyres was made in a VTI/TUG project run in 1995-2000, in which 

approximately 100 car tyres of rather similar dimensions were tested for noise, rolling resistance and 
wet friction properties [2, 3]. The test program included 41 winter tyres, of which 7 were studded, 
compared to approximately 60 “summer tyres”. Noise was measured with an early version of the CPX 
method, nowadays specified in [4]. 

The results for noise can be summarized as follows, as tested on a dense asphalt concrete (DAC) 
with 16 mm maximum aggregate size. With the summer tyres as a reference, the winter tyres were on 
the average 0.9 dB (A-weighted) quieter, while the studded winter tyres were 2.3 dB noisier. See 
further results in [3]. One should note that these tyres were of a design typical of the market tyres in 
the 1990’s and may not necessarily be typical of today’s tyres. 

3.2 Tests 2011-2012 
The next study was made in 2011/12. This only compared noise and friction properties of 10 tyres 

[5], but the tested tyres were essentially similar to today’s designs. The results regarding the noise 
levels (measured with the coast-by method on an ISO 10844:1994 surface) expressed in overall A-
weighted levels are shown in Figure 1. In summary, the winter tyres were quieter than the reference 
summer tyres. Among the winter tyres, the ones optimized for north European (“Nordic”) use were 
quieter than the ones optimized for central European use. 

 

 
Figure 1- Noise levels measured at 50 km/h (left part of the figure) and 80 km/h (right part), on an 

ISO 10844:1994 test track, using the coast-by method of ISO 13325:2003. 

3.3 Tests 2015-2016 
In 2015-2016, a study where noise and rolling resistance properties of tyres for winter conditions 

were compared to summer and all-season tyres was conducted by VTI (with measurements conducted 
by TUG). The winter tyres included types optimized for central European climate, tyres optimized for 
Nordic climate and tyres with studs. In total, approx. 50 car tyres were tested. Noise properties were 
measured with the CPX method, and rolling resistance was measured with a trailer method; all 



 

 

measurements made on two road surfaces; SMA 8 and DAC 16. Results indicated that winter tyres are 
not noisier than summer tyres; except for studded tyres. Figure 2 shows the most important results 
(average values measured on the SMA 8 and DAC 16 pavements). For tyre identification; see Table 1 
and Table 2. More detailed results and other information are reported in [1]. Analyses later in this 
paper will look at frequency spectra corresponding to these measurements. 

4. TESTED TYRES 

4.1 Different Tyre Designs Analyzed in This Paper 
To handle the winter climate conditions with eventual presence of snow or ice on the road surfaces, 

three different tyre design alternatives are possible: (i) tyre tread with studs, (ii) studless (normal) tyre 
tread, and (iii) hard particles mixed into the tyre tread. The first alternative will be referred to in this 
paper as “WIST” and the second as “WI”. The winter studless tyres are optimized for different climate 
conditions, which will result in different rubber materials, different tread geometry and different 
acoustical performance, as it will be indicated in this text. These are represented as two different sub-
categories in this paper: tyres optimized for the central European climate, and tyres optimized for the 
Nordic European climate. 

 

 
Figure 2 - CPX noise levels for all the tyres measured in 2015-2016. The tyre categories are 

distinguished by different colours. The order of the tyres within each category is essentially random 
(although the 2016 measurements are always at the right of the 2015 measurements) 

 

The third design alternative, with hard particles mixed in the tyre tread is a rather uncommon 
alternative. This tyre category does not have studs, but silicon carbide particles mixed in the tyre tread 
rubber compound. Some specimens of such tyre category were analysed here, namely the Green 
Diamond Tyres. This tyre was invented in Iceland and is marketed in the Nordic Countries as well as 
in North America. They are referred to as “Green Diamond” or “WIGD” tyres in this paper, in 
reference to their brand name.  

A compromise between “summer” and “winter” tyres, are the so called “All-season Tyres”, which 
are designed to be used both in winter and non-winter conditions, in this paper referred to as “AS”. 
For reference purposes, summer tyres were also analyzed in this project and are referred to as “SU”. 



 

 

4.2 Tested Tyres 
Two testing campaigns were carried out: the first between February and April of 2015, and the 

second between March and April of 2016. The tyres tested within the first testing campaign are listed 
in Table 1 and the tyres tested in the second campaign are listed in Table 2. Figures 3-5 give an 
illustration of three major types of winter tyres, subject to this study. 

 
Table 1 - Tested tyres in the 2015 winter season, all in new condition 

 
Table 2 - Tested tyres in the 2016 winter season. The last 4, in italic format, were in used conditions. 

All others were in new condition 

 

DESIGNATION MANUFACTURER MODEL SIZE LI TYPE STUDS? EU or Nordic? Type code
T1077 UNIROYAL USA TigerPaw P225/60R16 98 M+S Reference

T1122  T1123 FULDA ECOCONTROL HP 195/65R15 91 S SU
T1124 FULDA ECOCONTROL 195/65R15 91 S SU
T1126 FALKEN HS 439 EUROWINTER 195/60R15 88 M+S E WI
T1127 CONTINENTAL TS850 ContiWinterContact 195/60R15 88 M+S E WI
T1128 CONTINENTAL TS850 ContiWinterContact 195/60R15 88 M+S E WI
T1129 HANKOOK W442 Winter i*cept RS 195/60R15 88 M+S E WI
T1130 HANKOOK W442 Winter i*cept RS 195/60R15 88 M+S E WI
T1131 MICHELIN ALPIN A4 195/60R15 88 M+S E WI
T1132 MICHELIN ALPIN A4 195/60R15 88 M+S E WI
T1133 NOKIAN W+ 195/60R15 88 M+S E WI
T1134 SAVA Eskimo Stud 185/65R15 88 M+S St WIST
T1135 SAJLUN ICEBLAZER WST1 185/65R15 88 M+S St WIST
T1136 SAJLUN ICEBLAZER WST1 185/65R15 88 M+S St WIST
T1137 PIRELLI WinterCarving Edge 185/60R15 88 M+S St WIST
T1138 PIRELLI WinterCarving Edge 185/60R15 88 M+S St WIST
T1139 SAVA Eskimo S3+ 185/60R15 88 M+S E WI
T1140 AGI SAREK2 SUBB (retreaded) 185/65R15 88 M+S St WIST
T1141 SAVA Eskimo S3+ 185/60R15 88 M+S E WI
T1142 GREEN DIAMOND (retreaded) 185/65R15 88 M+S SiC N WIGD
T1143 GREEN DIAMOND (retreaded) 185/65R15 88 M+S SiC N WIGD
T1145 NOKIAN HAKAPELIITTA R2 Studless 185/65R15 88 M+S N WI
T1146 NOKIAN HAKAPELIITTA R2 Studless 185/65R15 88 M+S N WI
T1151 VREDESTAIN QUATRAC 3 (all season) 195/60R15 88 AS AS
T1152 UNIROYAL ALL SEASON EXPERT 195/60R15 88 AS AS
T1153 GOODYEAR ULTRA GRIP ICE 2 195/65R15 88 M+S N WI
T1154 NANKANG SNOW VIVA SV-1 195/60R15 88 M+S N WI
T1155 NANKANG SNOW VIVA SV-1 195/60R15 88 M+S N WI
T1156 MICHELIN X-ICE 185/60R15 88 M+S N WI
T1157 MICHELIN ENERGY SAVER + 195/60R15 88 S SU
T1158 MICHELIN ENERGY SAVER + 195/60R15 88 S SU
T1159 WEST LAKE SP06 195/60R15 88 AS AS
T1160 GOODYEAR EFFICIENT GRIP PERFORMANCE 195/60R15 88 S SU

T1161  T1162 NOKIAN HAKAPELIITTA 8 XL 195/60R15 88 M+S St WIST
T1163  T1164 NOKIAN HAKAPELIITTA 8 XL 195/60R15 88 M+S (N) WI

DESIGNATION MANUFACTURER MODEL SIZE LI TYPE STUDS? EU or Nordic? Type code
T1077 UNIROYAL  TigerPaw P225/60R16 98 M+S Reference
T1184 MICHELIN CrossCLIMATE 195/60R15 92 AS AS
T1185 CONTINENTAL CONTI.ECONTACT BLUECO 205/55R16 91 S SU
T1190 NOKIAN HAKKAPELIITTA R 205/55R16 94 M+S N WI
T1191 CONTINENTAL CONTI VIKING CONTACT 5 205/55R16 94 M+S N WI
T1192 NOKIAN WR G2 205/55R16 91 M+S E WI
T1193 MICHELIN X-ICE NORTH 3 X-GREEN 185/65R15 92 M+S St WIST
T1194 CONTINENTAL CONTI PREMIUM CONTACT 5 195/60R15 88 S SU
T1195 GOODYEAR ULTRAGRIP ICE ARCTIC 185/65R15 88 M+S St WIST
T1196 NOKIAN HAKKAPELIITTA 7 195/60R15 92 M+S St WIST
T1197 NOKIAN HAKKAPELIITTA 7 195/60R15 92 M+S St WIST
T1198 NOKIAN HAKKAPELIITTA R 205/55R16 94 M+S N WI
T1199 NOKIAN WR G2 205/55R16 94 M+S E WI
T1200 CONTINENTAL CONTI VIKING CONTACT 5 205/55R16 94 M+S N WI



 

 

Figure 3 (right) – Tyre T1192, Nokian 
WR G2, studless winter tyre 
 

 

   

 

 

 

 
Figure 4 (left) – Tyre T1196, 
Nokian Hakkapeliitta 7, studded 
winter tyre 
 

 

 

 

 
Figure 5 - A “Green Diamond” tyre which has been used in Sweden for two seasons. The SiC 

granules baked into the tread rubber can be seen as lighter spots. Note that some of the granules 
have been lost (the darker spots).  



 

 

For the first testing campaign, all the tyres were in new condition and were subjected to a run-in 
process of 100 km and were warmed up before each test. For the second testing campaign, more tyres 
were tested in new conditions, but also a limited number of tyres were tested in used conditions. A 
used tyre condition is defined here as a tyre that has been used for two winter seasons.  

4.3 Tyre Load and Inflation Pressure 
The tyres were loaded essentially in accordance with ECE regulation R117 (406 kg). Inflation 

pressure was also adjusted in accordance with the specifications in ECE R117 (fixed 180 kPa in cold 
condition for noise, regulated 200 kPa for rolling resistance) [6]. An exception was the SRTT; a much 
larger tyre; yet it was tested with similar load and inflation as the other tyres. The SRTT served only 
as a control tyre during each day of rolling resistance measurements, to check that there was no drift 
in results day to day, apart from that caused by varying temperature. 
 

5. ROAD SURFACES USED DURING THE TESTS 
Two pavement surfaces were used for the measurements, designated S1 and S2 in this paper; see 

Table 3. Test surface S1 is an SMA 8 pavement (SMA = Stone Mastic Asphalt) on an in-service road 
near Gdańsk in Poland. This surface was selected in order to serve as a proxy for the surface used 
when testing tyres according to EU regulations on tyre noise limits and noise labelling (ISO 
10844:1994). The surface texture was characterized by its mean profile depth (MPD) according to 
ISO 13473-1 [7], which was evaluated with the VTI laser RST in June 2015. Test surface S2 is a DAC 
16 (DAC = Dense Asphalt Concrete), also on an in-service road near Gdańsk. This surface was 
selected as its texture appeared to be similar to an SMA 16 road surface, which is the dominating 
wearing course on Swedish highways. This surface was also evaluated by VTI Laser RST in June 
2015. 

 
Table 3 - Tested pavement surfaces and their average MPD values 

Road surface 
designation 

Pavement type in European 
terminology 

Corresponding Swedish 
pavement type 

Average MPD [mm] 

S1 SMA 8 (proxy for ISO 10844) ABS 8 0.78 
S2 DAC 16 (≈ SMA 16) ABS 16 1.09 

 
With these two tested surfaces, the results are reasonably representative of a vast majority of the 

Swedish roads and streets, which was a desire by the sponsor (the Swedish Transport Administration). 

6. MEASUREMENT METHOD AND DATA PROCESSING 
The tyre/road noise measurement was carried out by the Gdańsk University of Technology (TUG) 

employing the CPX method according to the procedures given in ISO 11819-2 [4]. The tests were 
performed using the Tiresonic MK4 trailer presented in Figure 6. A minimum of two (usually four) 
runs were carried out for each test scenario, at each of the test speeds 30, 50 and 80 km/h. 

Air, road and tyre surface temperatures were measured simultaneously with the noise and rolling 
resistance measurements. They were similar to typical Swedish winter and early spring temperatures. 

All overall noise levels and spectra have been normalized to a reference air temperature of 10 °C, 
in order to minimize that varying temperatures during the measurements affect the results. Although 
air, road and tyre temperatures were measured, only air temperatures were used for normalization. 
This reference temperature 10 oC was chosen, contrary to the 20 oC which is often used in other cases, 
since it is more representative to winter conditions and is rather similar to the average temperature 
during the measurements; thus minimizing the corrections. The correction procedure described in [8] 
was used (but with 10 oC as reference temperature instead of 20). The maximum corrections were -1.4 
and +1.0 dB. This may result in an uncertainty of up to 0.5 dB. 



 

 

 

Figure 6 - CPX measurement trailer Tiresonic MK4 during another measurement campaign in 
Sweden. The test tyres are mounted, one by one, inside the enclosure 

7. RESULTS 
Unless otherwise mentioned, all frequency spectra and all levels in this paper are A-weighted.  
First, in order to reduce data to focus only on tyre effects, the data for the two speeds of 50 and 80, 

and for the two pavements, S1 and S2, were averaged for each tyre category. The effects of speed and 
surface are explored later.  

The averaged A-weighted frequency spectra for each tyre category and are presented in Figure 7. 
It appears that all the tested tyre categories present a peak in the 800 Hz third-octave band. Moreover, 
the winter studded tyres spectrum differs substantially from the other categories as it becomes flat at 
frequencies higher than 4 kHz, unlike the other categories that show the common drop-off in noise 
level with frequency above the peak frequency. But what surprises the authors most of all is that, the 
studded tyres exhibit substantially higher third-octave band levels all over the frequency range; not 
only at the highest frequencies. 

 

Figure 7 - Spectra for the tyres for each tyre category (averaged for both speeds and both pavements) 



 

 

 
A comparison between studded and non-studded winter tyres is presented in Figure 8 for each of 

the two tested pavement sections. Note that the curves are consistent with the spectra presented in 
Figure 7, namely that all the curves peak at 800 Hz and the studded tyres present a rather flat spectrum 
for frequencies higher than 4 kHz. The non-studded winter tyres drop-off after the peak, not exhibiting 
the flat part. It appears that noise levels at low frequencies are similar or higher for the rougher DAC 
16 and at high frequencies (1000 Hz and above) the somewhat smoother SMA 8 gives the same or 
higher levels. These are features observed in many studies. However, differences are not very large 
and spectral shapes are quite similar for both pavements. This justifies the averaging of data for the 
two pavements in the rest of the figures. 

 

 
Figure 8 - Studded and non-studded winter tyres on the two tested road surfaces (both speeds 

averaged) 
 
The comparison between the tyres in new and used conditions is presented in Figure 9, for the 

winter tyres with and without studs. While the studded tyres presented a more considerable change 
when comparing the new and used conditions, this was not the case for the winter tyres without studs. 
Note that the sample size for used tyres is small and further investigations are required to confirm the 
observed trend.  

The winter studless tyres analyzed within this project are optimized either for the central european 
climate or for the nordic climate, as previously indicated in Table 1 and Table 2. The spectra of these 
two different types of winter tyres are presented in Figure 10. Except for the peak frequency, the 
Nordic optimized tyres are quieter than the ones optimized for the central European climate. 
Additionaly, the Green Diamond tyre is also presented in this diagram, as it is a kind of hybrid between 
studded and studless tyres, but is closer to the latter category. This tyre is 2-3 dB quieter than the 
Nordic tyres in the frequency range 500-5000 Hz; despite it has small hard particles in its tread.  

Finally, the effect of the test speed was analyzed and the different spectra are presented in Figure 
11 separately for the studded and studless tyre categories. The three spectra for winter non-studded 
tyres and the three others for studded tyres present the characteristic shape previously described in 
this paper for non-studded and studded tyres respectively. The spectra seem to approximately maintain 
their shape and shift to higher CPX levels as the speed increases. This trend is more evident when 
considering frequencies above the 630 Hz band.  

 
 

 
 



 

 

 
Figure 9 - Spectra comparing winter tyres in new and used conditions (both speeds and both 

pavements averaged) 
 

 
Figure 10 – Comparison of tyres optimized for the central European and the Nordic climate, plus the 

Green Diamond tyre (data averaged for both pavements and both speeds). 

8. DISCUSSION 
The shape of the frequency spectra, with a peak level (not very pronounced) at 800 Hz and the 

relatively high levels in the range 630 - 2500 Hz (Figures 4-8) suggest that the frequencies influencing 
the overall A-weighted levels are within this range. This is what we commonly see in tyre/road noise 
studies. The uncommon spectral contribution is for the studded tyres in the range above 4000 Hz. 
However, these frequency bands do not contribute more than marginally to the overall A-weighted 
levels. Yet, it is the common subjective impression by the authors that this frequency range is clearly 
heard; especially at low speeds. 



 

 

 
Figure 11 – Spectra for the three test speeds, results for winter tyres with and without studs (data 

averaged for both pavements) 
 
A closer look at the effects of studs is presented in Figure 9. In this figure, the spectrum of two 

tyres which are fitted with studs is compared to the spectrum of two identical tyres not fitted with 
studs (the latter tyres were taken out of the studded tyre production just before studs were mounted). 
Therefore, the only difference between the two spectra are due to the insertion of studs. 
 

 

 
Figure 12 - Average spectrum for the tyres T1161 and T1162 (fitted with studs) compared to the 

average spectrum of tyres T1163 and T1164 (not fitted with studs). Except for the studs, the four 
tyres are nominally identical. Data are averaged for both pavements and speeds 30 and 50 km/h 

 
It appears that when the effect of studs is isolated from tyre differences, as in Figure 12, the stud 

effect is even greater than shown in Figure 4. This is a quite dramatic difference, 5-7 dB over the 
frequency range 200-5000 Hz, but with an extra 2 dB at 1000-2000 Hz, and with the typical high-



 

 

frequency boost above 5000 Hz. One should note that this was for new and unworn tyres and with 
studs having 1-2 mm protrusion above the tread rubber surface, and after some wear the stud effect 
will decrease. 

Perhaps the most surprising finding is that the studs increase the noise levels all over the audible 
frequency range (Figure 12). One would intuitively assume that the impact and the scratching of the 
studs on hard asphalt would create high-frequency noise, above 1000 Hz or so, and in particular what 
is observed above 4000-5000 Hz [3]. But, evidently, the studs have an effect also at medium and low 
frequencies. It is likely that the forces of studs impacting on the pavement create reaction forces in 
the rubber tread, thus increasing the vibrations in the tyre, which are generally considered to play 
mainly at frequencies below about 1000 Hz [3]. It is a little surprising that one does not see a frequency 
shift proportional to speed (Figure 8), irrespective of tyre category; something that would normally 
occur as impact frequency between tyre tread blocks and pavement chippings depend on speed [3]. 
This makes it hard to assume that vertical vibrations from impacts give the major contributions. Could 
air pumping, dominate over impact sources from 800 Hz and up? In summary, this suggest that more 
research on generation mechanisms is needed. 

Although the noise-speed relation seems to follow the well-known linear relationship if a 
logarithmic speed scale is used, the speed exponent [3] is about 30 dB per tenfold speed increase for 
the studded tyres versus approximately 35 dB for the non-studded tyres (calculated separately; not 
shown in the diagrams). 

Regarding the effect of use and wear (Figure 9) it appears that the non-studded tyres are quite 
uninfluenced by this, but the studded tyres are significantly influenced by the wear. Most wear comes 
from the studs being worn-off, also studs becoming somewhat displaced, and stud protrusion above 
the rubber is reduced quite quickly with use of the tyres. This should reduce the impact forces and 
thus low frequency noise, which actually happens according to Figure 9. Note that the wear of these 
tyres was only moderate; typical of about two winter seasons of use and wear. Note also that the 
sample size for the worn winter tyres is small and further investigations are required to confirm the 
observed trend. 

Figure 10 shows that the tyres optimized for central European use are noisier than the tyres 
optimized for Nordic use. This is likely to be because the latter are substantially softer and have more 
sipes; something which seems to be especially effective in the frequency range where air pumping 
usually dominates (above 800 Hz). 

The Green Diamond tyre appears to have the best acoustic performance of all the tyres; despite it 
contains small hard particles (SiC granules) baked into the tread; see photo in [1]. This is meant to 
create a similar effect to studs; i.e. to penetrate ice. This tyre, which is retreaded, has a soft rubber 
compound and a lot of sipes, which explains its low noise. However, how come that it is even quieter 
than the Nordic winter tyres (Figure 7)? 

The rubber hardness may be the answer, but it must be confessed that good measurements of rubber 
hardness (in Shore A) were impossible to do, since these tyres have virtually no solid areas with space 
enough for the needle of the hardness meters – the sipes are cutting through the rubber “everywhere”. 

Yet, there is sign of the SiC particles making some noise at frequencies above 4000 Hz, which is 
similar to the typical effect of the studs at the same frequencies. 
 

9. CONCLUSIONS 
This paper is a follow-up of a paper at the previous Inter-Noise conference [1] when the same tyres 

were studied and overall A-weighted levels were reported, but with no analyses of frequency spectra. 
That paper also reported rolling resistance data and looked at the correlation between measured and 
labelled noise levels. In the present study the following conclusions are drawn from the frequency 
spectra analyses: 

Winter tyres without studs (including all-seasons tyres) show approximately the same shape of 
frequency spectra irrespective of whether they are optimized for central Europe or the more severe 
Nordic climates. They are not very different to summer tyres either in their spectra, although marginal 
differences occur at around 1600-2500 Hz.  

However, studded winter tyres have a significantly different shape in spectra; namely at 
frequencies above 4000 Hz the spectral shape is flat as opposed to the usual drop-off with frequency 
for normal tyres.  

The Green Diamond tyre, which has small SiC particles embedded in the rubber tread, show a 



 

 

somewhat similar trend at the high frequencies as the studded tyres, but its overall spectral level is far 
below that of the studded tyres. 

The studs seem to create extra noise not only and especially at the frequncies above 4000 Hz, but 
also over the entire frequency range, which was rather unexpected by the authors. 

The frequency spectra in this study fail to show any frequency shift with speed, such as one would 
expect for the impact mechanisms. Spectra were displaced to higher levels without any noteworthy 
change in shape when speeds increased from 30 to 80 km/h. 

The effect of wear on noise is quite significant for studded tyres (noise is reduced with wear) but 
a for non-studded tyres; given the moderate wear of the tested tyres. 

More research is needed regarding the generation mechanisms; this is especially the case for 
studded tyres. More research is also justified regarding the Green Diamond tyre, given the very 
positive acoustical performance this tyre showed. 
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