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Introduction 

Reducing tire-road noise is a significant concern, particularly 
with the increasing prevalence of electric vehicles, which 
have quieter powertrains and thus make tire-road noise more 
noticeable. Traditional methods of noise reduction, such as 
adding fleece or foam mats, have drawbacks like increased 
weight and water absorption. 

Previous studies, such as those presented at DAGA 2020 and 
DAGA 2023 [1, 2], have demonstrated that sound-absorbing 
underbody panels made from thermoplastic fibers (TPF) are 
an effective initial solution for controlling tire road noise. In-
corporating an embossed structure between the Body-in-
White (BIW) and the underbody panel significantly improves 
absorption performance in the frequency band related to tire 
noise. The embossed structures, usually from PET, create 
small cavities that increase absorption in the low frequency 
range. 

This study aims to extend previous research by simulating the 
acoustic performance of underbody panels with embossed 
structures. The goal is to identify key geometrical and physi-
cal parameters that influence their absorption characteristics 
and optimize the design for maximum acoustic performance. 

FEM Simulation setup for diffuse field absorp-
tion coefficient computation 

This study aims to numerically determine and understand the 
absorptive behavior of the absorptive underbody panel with 
embossed structures. 

To achieve this, Finite Element Method (FEM) simulations 
were employed. As a first step, the process involved modeling 
a 3D porous sample representing the underbody panel and 
performing a direct frequency analysis over a wide frequency 
range. A diffuse field was applied to the sample, and the 
power injected and dissipated into the sample was extracted. 
The absorption coefficient was then determined using the ra-
tio:  

𝛼 =
Π𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑒𝑑

Πinjected
 

Figure 1 shows the absorption coefficient of a 3D porous flat 
sample using FEM and Transfer Matrix Method (TMM). 
FEM simulation compares well to that obtained with a stand-
ard TMM simulation, with size correction. This comparison 
validates the effectiveness of FEM simulations in accurately 
predicting absorptive behavior. 

 

Figure 1: Absorption coefficient simulation; Finite Element 
compared to Transfer Matrix Method (TMM). 

Investigation strategy 

The Finite Element Model used to investigate the effect of the 
embossed structures consists of four components: the rectan-
gular underbody thermoplastic fibrous panel, the PET em-
bossed structure, the coupled cavities between the underbody 
panel and the embossed structure and the air cavity between 
the embossed structure and the BIW (defining the packaging 
space). Figure 2 shows a 2D sketch of a section of the system 
construction. 

Figure 2: 2D sketch of the enhanced absorptive system. 
From top to bottom: Thermoplastic fibrous panel (in purple), 
air cavities (in green), PET embossed structure (black line), 
air cavity defining the packaging space (in blue). 

Various configurations of structural dimensions and material 
properties were analyzed to determine their impact on sound 
absorption. Key parameters included the height of the em-
bossed structures (i.e. of the air cavity), the Air Flow Resis-
tivity (AFR) and the area weight of the fibrous panel.  

Height cavity sensitivity 

The first analysis focuses on height sensitivity. The 
thermoplastic fibrous panel has 2 mm thickness and 1000 gsm 
area weight. Table 1 shows sample size of four studied cases 
with a cavity height (c.f. Figure 2) increasing from 12.5 to 30 
mm.  

Table 1: Samples dimensions for height sensitivity analysis 

Case 
Sample 

size 

Cavities 

length 

and width 

Cavities 

height 

Packag-

ing space 

1 

2.62 x 

2.01 m2 
230 mm 

12.5 mm 

35 mm 
2 18 mm 

3 24 mm 

4 30 mm 

Cavities 
height 

Packaging 
space 
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AFR and area weight sensitivity 

Three further test cases were simulated using the cavity height 
= 30 mm. The parameters investigated in this section are all 
related to the textile thermoplastic panel. Table 2 presents the 
three test cases configuration. 

Table 2: Samples characteristics for AFR and area weight 
analysis 

Case Area weight Thickness AFR type 

1 1000 gsm 4 mm Low 

2 1200 gsm 3 mm Medium 

3 1000 gsm 2 mm High 

Comparison with measurement 

Four test cases were carried out using Alpha Cabin measure-
ment system. All the samples had the same length and width, 
1 x 1.2 m2 respectively. They also have the same thermo-
plastic fibrous panel, with 3 mm thickness and 1200 gsm area 
weight. The embossed structures may have different lengths 
and widths. Cavity height is increased from 13 to 32 mm and 
packaging space in this example is kept the same as the cavity 
height. Table 3 summarizes the different dimensions as well 
as the number of cavities present between the textile panel and 
the BIW. N x M shows the number of cavities each sample 
will have. 

Table 3: Samples dimensions for simulation vs measure-
ments comparison 

Case 
Cavity 
length 

Cavity 
width 

Cavity 
height 

N x M 

1 40 mm 49 mm 13 mm 24 x 24 

2 52 mm 64 mm 20 mm 18 x 19 

3 62 mm 79 mm 27 mm 16 x 16 

4 61 mm 76 mm 32 mm 16 x 16 

Results 

Height sensitivity 

Figure 3 shows the absorption coefficient of the different 
cases presented in Table 1. We also include the reference case 
without the embossed structure (TPF panel + air gap). The 
simulations show that cavity height significantly impacts ab-
sorption performance. Greater cavity depths enhance low-fre-
quency absorption but may reduce high-frequency perfor-
mance. The optimal cavity height was found to be 30 mm. 

 

Figure 3: Heigh sensitivity influence on absorption perfor-
mance. Sample dimensions are presented in Table 1. Case 1: 
12.5 mm cavity height, Case 2: 18 mm cavity height, Case 3: 
24 mm cavity height, Case 4: 30 mm cavity height, reference 
curve in purple: thermoplastic fibrous panel + air gap. 

Dissipation mechanism 

To understand the absorption coefficient behavior, we can in-
vestigate the dissipation mechanism. The simulations re-
vealed that fluid viscous dissipation is the dominant mecha-
nism, while structural dissipation has a local impact. Figure 4 
shows the total dissipation power, the viscous dissipation 
power, and the structural dissipation power for cases 1 and 4 
of Table 1 as well as the reference (without the embossed 
structure). The small spike observed in the structural dissi-
pated power in case 4 will be further investigated to prove that 
the thermoplastic fiber panel acts as a mass, and the air in cav-
ity acts as a spring, forming a spring-mass system that influ-
ences absorption performance. 

 

–– Case 1 
Total –– Case 4 

Total –– TPF + AG 
Total 

---- Case 1 
Viscous ---- Case 4 

Viscous ---- TPF + AG 
Viscous 

…. Case 1 
Structural  …. Case 4 

Structural  …. TPF + AG 
Structural  

Figure 4: Dissipated power within the thermoplastic porous 
panel for case 1 in green, case 4 in orange, and the reference 
case in purple. Full line is the total dissipated power, dashed 
line is the fluid viscous dissipated power, and the dotted line 
is the structural dissipated power.  

AFR and area weight  

Figure 5 shows the impact of AFR and area weight contribu-
tion. The three cases shown in the figure are described in Ta-
ble 2. Area weight has little impact on absorption, which is 
justified by the fact that area weight only increases of 20%. 
To see an influence on area weight, a much heavier or much 
lighter top layer should be used. On the other hand, for this 
type of panels, the dynamic range of the AFR can go from low 
to high AFR. Figure 5 clearly shows the impact of AFR. To 
obtain a significant improvement in absorption, the AFR 
should be at least moderate. This will lead to a moderate ab-
sorption performance at high frequencies.  
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Figure 5: Impact on absorption for area weight and AFR 
sensitivity. 

Comparison with measurements 

Figure 6 shows the trend of the absorption curve by increasing 
the height of the cavity. The four test cases are described in 
Table 3. Figure 6 (a) shows the measured absorption with the 
Alpha Cabin system, and Figure 6 (b) is the simulated absorp-
tion. The trend is the same in both cases. Increasing the cavity 
height improves the performance in low frequency with a 
small loss at high frequency. The simulation also shows a drop 
in performance at a critical frequency that is not seen in meas-
urements. 

Figure (7) shows the comparison between simulation and 
measurement in each case. We clearly identify that, besides 
the drop at this critical frequency, there is an acceptable cor-
relation between simulation and measurements.   

 
(a) Measurements 

 
(b) Simulation 

Figure 6: Measurements vs Simulation trend. Orange: case 
1, blue: case 2, dark grey: case 3, green: case 4. The 4 cases 
are described in Table 3. 

 

(a) Case 1 with 13 mm cavity depth 

 

(b) Case 2 with 20 mm cavity depth 

 

(c) Case 3 with 27 mm cavtiy depth 

(d) Case 4 with 32 mm cavity depth 

Figure 7: Simulation vs Measurements of the absorption co-
efficient. (a) case 1, (b) case 2, (c) case 3, (d) case 4. 

Discussion 

Spring mass system 

As previously highlighted, the local increase in structural dis-
sipation around 300 Hz, as shown in Figure 4, suggests the 
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presence of a spring-mass mechanism, which will be further 
investigated. 

By replacing the top layer of the thermoplastic fibrous panel 
with a similar material but with an air flow resistivity in-
creased by a factor of 1000, this layer becomes impervious 
and would enhance the spring-mass phenomenon. Figure 8 (a) 
shows the absorption coefficient in this case compared to the 
reference and to case 4 in Table 1. We also show the dissipa-
tion power in Figure 8 (b), which is now dominated by the 
structural effects.  

 

(a) 

 

(b) 

Figure 8: Impact of a AFR increased by a factor of 1000. (a) 
Absorption coefficient of a thermoplastic layer with an AFR 
increased by a factor of 1000 compared to case 4 of Table 1 
and the reference, (b) total and structural dissipated power of 
the layer with an AFR increased by a factor of 1000. 

The spring-mass mechanism plays a crucial role in absorption 
performance. We have shown that the thermoplastic fibrous 
panel acts as a mass, while the air in the cavity acts as a spring. 

Impact of chamber dimensions and AFR 

Cavity height has a significant impact on absorption perfor-
mance, with greater depths providing better low-frequency 
absorption. The high frequency performance remains very 
similar to the absorptive system without the embossed struc-
ture. However, with lower cavity heights, a local drop in per-
formance was observed at simulation level. 

On the other hand, the AFR of the top layer is a crucial pa-
rameter that needs to be well optimized. A high AFR leads to 
a significant increase in performance at low frequencies, but 
this does not guarantee the required performance at high fre-
quencies. Conversely, a low AFR leads to decent absorption 
performance at high frequencies, but the improvement in per-
formance at low frequencies is minimal. Therefore, a correct 
balance needs to be found to achieve the best performance, 

combining high frequency absorption driven by a “low” AFR 
and low frequency improvement driven by a “high” AFR. 

Comparison with measurements 

Simulations were compared with experimental measure-
ments. While in general the simulations showed good agree-
ment with the measurements in the shape of the alpha coeffi-
cient functions, in two cases, there was an overestimation at 
low frequency and underestimation at high frequency due 
mainly to the drop in performance perceived at a critical fre-
quency. This drop in performance can be explained by the 
slight differences in cavity geometries between simulation 
and measurements. The simulation has identical cavities re-
peated N x M times, while in the real case, there might be 
variations. Additionally, we should highlight that the excita-
tion is not the same in the two cases: the simulation has a nu-
merical diffuse field with high number of uncorrelated plane 
waves coming from all directions toward the sample, while 
the Alpha Cabin is equipped with local speakers, and we as-
sume that we have a diffuse field due to the geometry of the 
cabin.  

Conclusion 

This study demonstrates that incorporating rigid embossed 
structures into thermoplastic fibrous underbody panels en-
hances sound absorption, particularly in the critical frequency 
range for tire-road noise. Key parameters, such as cavity 
height and AFR, significantly influence absorption perfor-
mance. 

The findings provide valuable insights for optimizing the de-
sign of underbody panels to achieve maximum acoustic per-
formance.  

Future research should focus on improving the correlation be-
tween simulations and measurements by integrating the ge-
ometry of the Alpha Cabin into the FEM model. Additionally, 
further investigation into the influence of cavity cross-section 
and spacing on absorption performance is recommended. 

References 

[1] Pfaffelhuber, K. Scheinhardt, M.: Untersuchungen zur 
Schallpegelreduktion des Reifen-Fahrbahngeräuschs 
durch absorbierende KFZ-Unterbodenverkleidungen 
mittels Transferpfadanalyse, DAGA 2020. 

[2] Pfaffelhuber, K. Scheinhardt, M. Grebert, J.: Auf das 
Reifen-Fahrbahn-Geräusch abgestimmte schallabsor-
bierende Unterbodenverkleidungen, DAGA 2023. 

DAS|DAGA 2025 Copenhagen

1472


