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Introduction
A reduction of cabin noise in future aircraft configu-
rations is one key measure for improving health and
comfort conditions, meeting upcoming legal requirements
and ensuring a customer’s acceptance of novel technolo-
gies. Since manufacturing of prototypes is costly, many
of the early design stages are conducted virtually, while
a holistic modelling approach is aimed for. High-fidelity,
wave-resolving vibroacoustic simulations of aircraft fuse-
lages allow for detailed analyses of novel systems includ-
ing complex excitations and allow for the maximum po-
tential for studying noise reduction measures.

The effect of design and material changes on the interior
noise of aircraft cabins can be investigated automatically,
but the findings crucially depend on suitable modelling
assumptions. In the following, an overview on the mod-
elling of fuselage domains relevant for the sound trans-
mission into the cabin is given.

Modelling aspects of mechanical key do-
mains for vibroacoustic analyses
For fundamental research towards aircraft design to
acoustics, a representative choice of components is aimed
for instead of a detailed model for specific aircraft. Typi-
cally occurring aircraft parts, which are expected to have
significant influence on the vibroacoustic response, are
identified. For these mechanical domains, crucial mod-
elling aspects are derived within the dissertation of C.
Blech [1]. The key components or key mechanical do-
mains, shown in Fig. 1, are selected based on the TL
problem through a double wall, which is similar to a dou-
ble walled fuselage. In the following, the four principal
domains airframe, insulation, interior lining and passen-
ger cabin are described and modelling recommendations
are given based on [1]. The according differential equa-
tions as well as all geometries and material parameters
(partly measured) of the models can be found in [1].

Airframe
Following the sound transmission problem through
double-walls, the outer skin is the equivalent to the ex-
cited wall. The airframe (outer skin, circular frames,
stringers, etc.) is directly affected by pressure fluctuation
beneath the turbulent boundary layer or sound radiated
by the engines. The input sound power to the airframe is
expected to predominate the resulting cabin SPL, hence,
an appropriate modelling of the waves within the air-
frame is essential. Neglecting joining technologies within
the scope of early design phases, a shell formulation con-
sidering bending and in-plane waves seems appropriate
first and foremost. A Mindlin plate is combined with a
classical disc formulation for the shell.

In [1], curved CFRP plates (0.4 x 0.3m) are investigated
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Figure 1: Identified mechanical key domains for vibroacous-
tic cabin noise simulations in early design phases [1], Chala-
bala/istockphoto.com, dimarik/istockphoto.com.

experimentally and numerically using the shell model
solved by the finite element method (FEM). Consider-
ing the known layer stack, the classical laminate theory
(CLT) is applied in order to obtain the necessary ho-
mogenised orthotropic elastic material parameters. The
Mindlin plate formulation considers a shear influence for
which the transverse shear moduli are calculated based
on a realistic shear stress distribution by Rohwer [5]. For
a 4mm thick plate, the simulation under deterministic
point load shows a valid agreement with the measure-
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ment, which is plotted in Fig. 2 for the mean squared
velocity of the plate. Under small reduction of the stiff-
ness, which has been applied, the CLT seems appropriate
for deriving linear orthotropic material parameters for
outer aircraft skins. The necessary reduction of the ini-
tial parameters suggests that the CLT overestimates the
stiffness due to ideal conditions assumed. Manufacturing
tolerances are mainly expected to decrease the effective
parameters of the individual layers.
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Figure 2: Mean squared velocity of a 4mm thick, curved
CFRP plate modelled by a shell and CLT [1].

However, with decreasing plate thickness (2 and 3mm)
and increasing frequency, larger deviations in the dy-
namic response due to manufacturing tolerances are ob-
served for nominally identical plates, which must be cov-
ered by uncertain parameters in the model in future.

Insulation
In commercial aircraft, the insulation made of glass
wool is extensively applied within the double-wall gap.
The two purposes are thermal and acoustic insulation,
while the latter is important for the vibroacoustic model.
The insulation blankets are connected to the airframe as
well as the interior trim panels, which can be considered
by strong coupling in the mechanical model. Instead of
a modelling of fibres and individual layers, a homogeni-
sation of the entire double-wall gap is carried out. For
the modelling of glass wool, two major approaches are
available:

• The widely used Johnson-Champoux-Allard (JCA)
model [6, 7] delivers frequency-dependent equiva-
lent fluid parameters, which can be expressed as
complex-valued bulk modulus and density and di-
rectly applied within the Helmholtz equation for
sound waves. Here, a limp frame extension [8] is
considered in order to consider the inertia effects of
the glass fibres without any stiffness.

• A poroelastic model is available by Biot, which ex-
plicitly considers the elastic frame and its interaction
with the surrounding air. The model combines a 3D
elastic domain with a Helmholtz domain, which in-
creases the degrees of freedom by a factor of four.
Here, an isotropic up-formulation is used [9].

Comparing the two models to an experiment within an

impedance tube setting, the absorption curves shown in
Fig. 3 result. Strong deviations are not observable, what
allows the conclusion of a valid JCA limp model com-
pared to the more complex Biot model for plane wave
excitation.
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Figure 3: Absorption coefficient for 60mm aircraft grade
glass wool for different insulation models [1].

For a comparison of the models for glass wool in an in-
stalled condition, a realistic fuselage segment is studied.
Such a model is available within the cluster of excellence
SE2A, Sustainable and Energy-Efficient Aviation [3], in
which the authors investigate future aircraft configura-
tions with respect to cabin noise. As an example, the
electrical short-range aircraft for 70 pax is considered
here in order to compare two modelling approaches for
the insulation. In Fig. 4, the FE model is shown on top,
which comprises all four introduced domains and is ex-
cited by a turbulent boundary layer. Material parameters
and the excitation generation are similar to [1]. Apply-
ing the JCA limp and the Biot model while freezing the
remaining domains, the curves in Fig. 4 are yielded. In
dependency on frequency, reductions up to 5 dB can be
observed in the mean squared sound pressure level within
the cabin. The difference by the models indicate a neces-
sity for a considering the elastic properties if specific fre-
quencies are of interest and a detailed analysis is required.
Similar to the airframe, uncertainty plays a major role in
the frame of glass wool simulations. Compression and
frequency are known to have large influences on the ho-
mogenised parameters and the installation condition are
not exactly known in early phases.

Interior lining
Typical representatives of the interior lining (interior
trim) of an aircraft cabin are side panels, ceiling pan-
els or luggage compartment doors. As motivated, these
structures are directly coupled to the cabin fluid resulting
in a sound propagation through these panels into the pas-
senger cabin and vice versa (radiating wall). Hence, an
appropriate modelling of the interior lining is expected
to be crucial for the aircraft model. A typical interior
trim panel consists of honeycomb sandwiches combining
a light-weight core and thin face sheets made of glass
fibre reinforced plastics.

For partially validating the dynamic response of a typ-
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Figure 4: Mean squared sound pressure within passenger
cabin (bottom) as part of a vibroacoustic fuselage segment
FE model (top) for different insulation models.

ical sandwich panel, experimental characterisations are
conducted in [1] for a 6mm panel. For the modelling, a
suitable consideration of the honeycomb core is crucial.
A comparison is conducted between two models:

• A 2D/3D model, in which a 3D structural core do-
main with homogenised core parameters combined
with a 2D shell for two GFRP layers.

• Reduction to one 2D shell layer, for which the ma-
terial parameters are received based on the CLT for
the Young’s moduli and the approach by Rohwer for
the shear moduli.

For all shells, membrane and bending parameters are dis-
tinguished. In Fig. 5, the experimental and numerical
response of a freely suspended panel is plotted. Again,
the stiffness of the initial CLT parameters is slightly re-
duced in the frame of a fitting. The models show a good
match, with the 2D/3D model fitting better at higher
frequencies. It is expected for the sandwich, that with
increasing frequency the structure more and more shows
individual responses of the layers.

However, another study in [1] uses an aircraft segment
comprising the airframe, the insulation and the interior
panel under pane wave load. The mean squared velocity
is shown in Fig. 6 and clearly shows larger differences
between the models under installed conditions. Also in
early design stages, such deviations can be crucial in the
frame of design decisions. Hence, a recommendation for
the 2D/3D model can be given.

Passenger cabin
The passenger cabin substitutes the free field radiation of
the radiating wall. Instead, the closed domain is coupled
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Figure 5: Mean squared velocity of a sandwich panel mod-
elled by 2D and 2D/3D approaches.
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Figure 6: Mean squared velocity of a sandwich panel mod-
elled by 2D and 2D/3D approaches as part of a vibroacoustic
fuselage segment FE model under plane wave loading.

to the interior lining, which finally increases the complex-
ity of the mechanical problem compared to the transmis-
sion loss problem. As the surrounding structures of the
cabin (interior panels, floor) are explicitly considered and
strongly coupled to the cabin fluid, the dynamic effects
of these domains are already covered. Within the cabin
fluid itself, seats and passengers are mainly expected to
further influence propagating sound waves. Therefore,
the focus is laid on the modelling of seats and passen-
gers. As the sound pressure distribution in the cabin
represents the final result to be assessed, an appropriate
modelling is expected to be essential.

While the air itself does not require deep investigations,
the seats can be expected to (at least partly) consist of
porous materials like foam or fabrics. In dependency on
the seat model, air-filled volumes and mechanical springs
with a fabric coverage are possible as well. Based on an
experimental determination of the local seat impedances
and the equivalent absorption area of a typical seat
bench, two models are compared:

• Global model, in which the entire fluid domain is
damped by a global damping loss factor η yielding
a complex speed of sound, which is directly consid-
ered within the Helmholtz equation. Within the seat
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regions, the mesh is removed resulting in ideally re-
flecting boundaries.

• Local model, in which the local effect of the seat
cushions is considered with the help of impedance
boundary conditions, while the surrounding fluid do-
main is not damped.

In Fig. 7, the mean squared pressure is plotted for both
approaches applied in an aircraft segment model in [1, 2].
The overall decreasing trend of both curves agree reason-
ably well. The introduction of local impedances com-
pared to perfectly reflecting boundaries and a global
damping does not significantly change the appearance
of resonances and anti-resonances. Concerning damping
performance, both approaches are comparable within a
tolerance of around 5 dB. Again, in dependency on ap-
plication details and requirements in the design process,
the model choice must be made.
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Figure 7: Mean squared sound pressure within passenger
cabin modelled by global and local damping approaches as
part of a vibroacoustic fuselage segment FE model under
plane wave loading.

Further details on the experimental and numerical stud-
ies of the four mechanical domains can be found in [1].

Summary and conclusion
In this paper, key aircraft components are identified for
early design studies. Vibroacoustic modelling aspects are
concisely provided for the airframe, the insulation, the
interior lining and the cabin itself. As a general conclu-
sion, a validation shall be conducted using realistic set-
tings instead of isolated studies. For installed conditions,
clearly different effects can be observed and a previously
accepted validation may become invalid. Furthermore, it
can be stated, that more complex models may increase
result quality, but induce further uncertainties and in-
crease computational requirements. Uncertainties and
computational efficiency are seen as challenges for fur-
ther studies.

Outlook
Further step-wise experimental validation of aircraft seg-
ments is necessary in order to substantiate the model
selection for early design phases. Additionally, as clearly
indicated, uncertainty quantification with respect to ex-
citation and mechanical parameters is an emerging topic

in early design phases. The authors address these chal-
lenges within recently started projects within SE2A [3],
namely ”Validation of turbulent boundary layer-induced
sound transmission through a fuselage section” and ”Psy-
choacoustic cabin noise assessment under parameter un-
certainties and stochastic loads”. Concerning compu-
tational efficiency, the authors participate in the SPP
2353: Daring More Intelligence with the project ”Design
to Acoustics through Deep Learning” [4]. In collabora-
tion with the Neural Data Science Group at University
of Goettingen, an efficient integration of wave resolving
models within design cycles using generative neural net-
works is investigated.
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