
Investigation of Tyre Road Noise 
Process and Analysis 

A pleasant sound based on a low interior noise level is one of the main require-
ments for passenger cars. Because of the reduction of many single noise sources, 
tyre road noise is now becoming increasingly important. Manufacturers of luxury 
cars in particular are asked to accept this challenge. Daimler has developed a 
systematic method for the investigation of tyre road noise. The target is to identify 
the main principles of noise transmission in an efficient process.
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1  Introduction

One of the main customer requirements 
for passenger cars is a pleasant sound 
based on a low interior noise level, espe-
cially for manufactures of luxury cars. 
For this reason, noise, vibration and 
harshness (NVH) development is now a 
central part of vehicle engineering with 
the highest priority. Over the last few 
years, the continuous optimisation of 
many single noise sources has led to a sig-
nificant reduction in interior noise levels. 
Among the individual noise sources, tyre 
road noise has become more and more 
important, especially in view of the need 
to create a balanced and pleasant interior 
noise. Figure 1 lists the main tyre road 
noise phenomena. The identification of 
noise sources (powertrain, components, 
wind, tyres, road contact, etc.) is a key 
part of NVH development. Numerous 
studies on the tyre as a source of noise 
have revealed the following results: In 
general, the difference between differ-
ent passenger cars is greater than the 
difference between the tyres of two tyre 
manufacturers. However, in particular 
cases, the influence on specific noise 
phenomena can be much more impor-
tant. Measurements with different tyres 
have clearly shown that there is no cor-
relation between the measured levels for 
exterior and interior noise, but correla-
tion may be possible for specific frequen-
cy ranges. Figure 2 shows this relation-
ship as a summary. The knowledge of 
noise sources and noise transmission be-

haviour is a fundamental aspect of the 
modern NVH development process. The 
method of Transfer Path Analysis (TPA) 
[1, 2] is one means of identifying noise 
sources and their main transmission 
paths. The application of transfer path 
analysis leads to an analytical model 
that is then used to calculate the single 
path contributions of the interior noise. 
For this case study of tyre road noise, 
both structure-borne noise and airborne 
noise are responsible for the total interi-
or noise. Figure 3 gives an overview of this 
transmission behaviour. At the begin-
ning of a study of tyre road noise, the 
general noise transmission behaviour is 
not well known, and the application of 
TPA requires a lot of effort and cost. 
Therefore, an early estimation of the 
general noise transmission behaviour is 
useful because of the high number of 
possible transmission paths and the 
characteristics of the noise sources. One 
way of reducing the amount of effort 
and cost required is based on the appli-
cation of a coherence analysis [3] as a 
preliminary investigation. Related to the 
measured interior noise, relevant fre-
quency ranges for structure-borne noise 
or airborne noise transmission can be 
determined. Additionally, it is possible 
to separate noise transmission from the 
front or rear axle. In this way, a basic 
procedure for investigating tyre road 
noise can be found based on the applica-
tion of a preliminary investigation, as 
described above. This procedure is char-
acterised in Figure 4.
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2  Analysis of Noise Transmission  
Behaviour 

2.1  Coherence Analysis: Basic  
Mechanism of Noise Transmission 
Based on coherence analysis [3], the global 
mechanisms of noise transmission are 
first of all determined. By combining dif-
ferent reference channels to form groups 
of coherence, it is possible to differentiate 
between airborne and structure-borne 
noise transmission from the front or rear 
axle. For driving on real roads, reference 
sensors for acceleration and sound pres-
sure are applied to the car. 3D accelerom-
eters are fixed at the wheel centres and 
microphones are placed at the footprint 
areas. The accelerations, the sound pres-
sure levels at the footprint and the interi-
or noise are then measured at the same 
time. For a different coherence analysis, 
different reference signals are combined 
into groups, and the multiple coherence 
relating to the interior noise is calculated. 
The result of such a coherence analysis is 
shown in Figure 5. For the example shown 
in Figure 5, the result is clear:
1. 	� For the frequency range from 100 Hz 

to 150 Hz, the interior noise is domi-
nated by structure-borne noise trans-
mission coming from the front axle. 

2. 	� In the frequency range around 1000 Hz, 
only airborne noise transmission is rel-
evant. The airborne noise is radiated by 
the rear wheels.

With a view to the results of the coher-
ence analysis, the further procedure is 
defined:  
1. 	� For the identification of noise trans-

mission in the frequency range from 
100 Hz to 150 Hz, TPA for structure-
borne noise is used. Only noise trans-
mission at the front axle is consid-
ered.  

2. 	�For the frequency range around 
1000 Hz, the relevant airborne noise 
transmission paths should be identi-
fied. The application of a reduced 
transfer path analysis leads to the 
estimation of the single noise con-
tributions. Only noise transmission 
from the rear wheels is considered.  

2.2  Coherence Analysis:  
Validation Process 
The method is validated in two steps. 
First, an acoustic enclosure is applied to 
encapsulate the driven wheel on a dy-

namometer (only one wheel is driven). 
This modification reduces only the air-
borne noise transmission. The structure-
borne noise is then calculated for the test 
with and without modification. If the 
measured reduction in the noise level 
corresponds to the reduction estimated 
via coherence analysis, it is possible to 
determine the interior noise path for 
structure-borne and airborne noise. The 
result of these investigations shows a 
good correlation between measurement 
and prediction. In a second step, the sep-
aration of noise transmitted from the 
front or rear axle is investigated. For this 
purpose, a car is rolled on a four-wheel 
dynamometer. The parts of the noise 
transmission for the front and rear axle 
are then estimated using coherence anal-
ysis. Following this, the axles are operat-
ed separately. The comparison of the re-
sults also shows a good correlation be-
tween measurement and prediction us-
ing coherence analysis. Figure 6 shows a 
summary of the results. The comparison 
shows that, in each case, there is a good 
correlation between measurement and 

prediction. It is clear that it is possible to 
apply this method as a preliminary in-
vestigation. The target is the identifica-
tion of the principal noise transmission 
behaviour. The applicability of the meth-
od in road operation was also demon-
strated. For road measurements, howev-
er, the range of speed is reduced because 
the flow around the microphones pro-
duces inherent noise that can lead to fal-
sifications in the results.

2.3  Transfer Path Analysis:  
Structure-Borne Noise Transmission  
The noise transmission behaviour was to 
be identified for the frequency range 
from 100 Hz to 150 Hz, as shown in Fig-
ure 1. As a result of coherence analysis, it 
is known that only structure-borne noise 
transmission leads to the peak shown in 
the example. For the identification of 
the noise transfer paths, TPA has to be ap-
plied. The interior noise and the accelera-
tions at relevant connection points of 
the suspension are measured in road op-
eration. The acoustic mechanical trans-
fer functions (p/F) together with the rele-

Figure 2: Correlation interior / exterior noise, influence of tyres

Figure 3: General noise transmission behaviour – tyre road noise
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vant frequency response functions are 
measured in the laboratory. Using TPA, 
the operational forces are calculated by 
means of the matrix inversion method 
[2, 5] and, together with the acoustic me-
chanical transfer functions, all possible 
noise path contributions of the front ax-
le are determined. The correlation of the 
source signals, which is necessary for 
force calculation in the matrix inversion 
method, is guaranteed by means of Prin-
cipal Components Analysis (PCA) [4]. The 
result of an interior noise measurement 
compared to the estimated sum of all sin-
gle noise paths is shown in Figure 7. There 
is a good correlation between both curves 
for the frequency range of interest. A 
comparison of the results for all single 
noise paths shows that there are four 
main transfer paths that are responsible 
for the interior noise. For all paths, the 
combination of high operational forces 
together with high levels for the acoustic 
mechanical transfer functions p/F leads 
to high interior noise levels. Figure 8 illus-
trates this relationship. The reduction in 
operational forces together with the re-
duction in the acoustic mechanical 
transfer function p/F is set as a target for 
reducing interior noise in the relevant 
frequency range. In particular, measures 
to reduce the operational forces often 
come into conflict with requirements for 
active safety.

2.4  Transfer Path Analysis:  
Airborne Noise Transmission 
As shown in section 2.1, airborne noise 
from the rear axle is responsible for the 
interior noise in the frequency range 
around 1000 Hz. Therefore, the main air-
borne noise transfer paths have to be 
identified. In order to identify this trans-
mission behaviour, a reduced transfer 
path analysis for airborne noise trans-
mission is applied. The interior noise is 
measured in road operation. The radiat-
ed tyre noise is measured on the four-
wheel dynamometer. Six microphones 
are used for each tyre. Four microphones 
are located close to the footprint (in and 
out, on the inner side and on the outer 
side) and two microphones are located in 
the wheelhouse. In the laboratory, the 
acoustic transfer functions p/Q (interior 
sound pressure level due to a volume ve-
locity source excitation at the described 
locations) are measured. The measure-

Figure 4: Investigation of tyre road noise – basic approach

Figure 5: Result of coherence analysis 

Figure 6: Validation of coherence analysis 
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ments are performed reciprocally. The 
measured sound pressure levels radiated 
from the tyres are weighted by multipli-
cation with the acoustic transfer func-
tions p/F. The total interior noise level 
(for airborne noise transmission) is esti-
mated as the summation of all single 
transfer paths. The result of this analysis 
is shown in Figure 9. The differences be-
tween the two cars are identified by com-
parison with a second car. Above 600 Hz, 
the characteristics of the measured 
curves are well represented. Below this 
frequency range, structure-borne noise 
transmission dominates over the interior 
noise. The analysis of all single paths is 
illustrated in Figure 10. It shows that, for 
the frequency range of interest around 
1000 Hz, only noise transmission from 
the “in footprint” position is responsible. 
All other airborne noise transfer paths 
are not relevant. With regard to the 
measured sound pressure levels radiated 
from the tyres, the radiated sound is re-
sponsible for the high levels in the fre-
quency range around 1000 Hz. The differ-
ence between the two cars is then a result 
of the different noise transmission be-
haviour of the cars, as the same levels of 
noise excitation are assumed for both 
cars. To confirm the results from this 
study, some encapsulation measures 
were applied to the wheel. The outcome 
of this investigation shows a good corre-
lation between this measurements and 
the knowledge gained from transfer path 
analysis. 

3  Summary and Outlook

A systematic procedure for the investiga-
tion of tyre road noise based on coher-
ence and transfer path analysis is pre-
sented. For some specified frequency 
bands, the noise sources and mecha-
nisms for airborne and structure-borne 
noise transmission are identified via co-
herence analysis. This makes it possible 
to narrow the scope of the phenomena 
and to reduce the effort required for 
transfer path analysis. Transfer path 
analysis is an efficient tool for the identi-
fication of some noise phenomena. For 
structure-borne noise transmission, the 
relevant transfer paths for the frequency 
range from 100 Hz to 150 Hz and the air-
borne noise transmission paths for fre-

Figure 7: Result of structure-borne noise TPA

Figure 8: Structure-borne noise TPA – result of single path contributions

Figure 9: Result of airborne noise TPA
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quencies around 1000 Hz can be identi-
fied. TPA is also applied for airborne 
noise transmission, but with a modified 
and simpler procedure. With regard to 
airborne noise, we were able to investi-
gate some measures in the laboratory. It 

is possible to predict the effect of physi-
cal modifications based on FRF measure-
ments without driving the car on real 
roads. Additional investigations should 
be carried out for the purpose of validat-
ing this method. Some interesting new 

applications may be possible, also in 
combination with other numerical, ex-
perimental and hybrid methods such as 
Panel Contribution Analysis [5], Statisti-
cal Energy Analysis (SEA), the Finite Ele-
ment Method (FEM), and others.
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Figure 10: Airborne noise TPA – result of single path contributions
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