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Abstract. As VIP passengers generally want to fly civil and executive jets where vibratory and acoustic environment is
smoother than on the normal jets. Helicopter interior noise is generated by main and tail rotors, engines, main gear-
box, and aerodynamic turbulence (Lu et al., 2018). Because of these sources, the tonal and broadband noise is incredibly
high and needs to be reduced. Conventional passive system (soundproofing) is the best way to control the acoustic of
the cabin whereas active systems (active vibration and noise control) are not completely reliable or applicable. The design
of the soundproofing may be researched by simulation using one of these programs: ANSYS, SOLIDWORKS 2020 and
ACOUSTIC analysis Vibroacoustic Monitoring (VAM) approach. The analyses were performed from frequency ranges,
5-10Hz and 0-2000Hz then transformed into frequency velocity domain using Proudmans equations (Lu et al., 2017).
Soundproofed ANSYS models are validated using instantaneous sound pressure levels measured within the helicopter dur-
ing flight. The acoustic detection method for GAZELLE is also performed successfully in SOLIDWORKS for aluminum
alloy and titanium alloy, this proves the relationship between acoustic power levels and material configuration. The noise
coefficient responses of interior materials are used as main index for soundproofing helicopter interiors. The results of this
research can be used for implementation of VAM approachfor soundproofing helicopter interiors.

Keywords: vibro-acoustic, soundproofing, sound pressure level, VAM approach, DAVA approach, sound absorption coef-

ficient material.

Introduction

Interior soundproofing is a wide topic, as there are sev-
eral methods to achieve the soundproofing. Some of these
methodsare but not limited to introducing extra insula-
tion materials, optimizing the structure, optimizing the
materials used, introducing struts in gearbox, and the
long list goes on. Moreover, there are a lot of ways that
have already been experimented. Most of these methods
have succeeded to proof the theory worth to be applied
on a practical level (Wikipedia, n.d.). Some methods are
more effective in soundproofing yet, they are expensive to
produce. Regardless, using such techniques in VIP heli-
copters renders them as cost-effective (This Day in Avia-
tion, 2021). Over the last 10 years, the focus of Adaptive
Mesh Refinement (AMR) for NASA’s vertical lift research
was to adddynamic mesh adaption capability to the struc-
tured Navier-Stokes flow solver “OVERFLOW?2, initially
for off-body mesh and then subsequently for near-body
mesh (Yamauchi, 2018). The mesh adaption approach

was to develop a solution-adaptive capability using the
existing chimera zonal grid framework in OVERFLOW?2.
While this is less rigorous than an adjoint-based approach
as used in the unstructured Navier-Stokes flow solver,
“FUN3D” (Park, 2011). The solution-based approach is
much simpler to implement with a lower computational
cost and is more conducive to dynamic mesh adaptionfor
unsteady flow needed for rotor wakes (Simon & Savage,
1975). This research by Holst and Pulliam (2009) dem-
onstrated that this dynamic local mesh refinement ap-
proach used approximately five times less computational
resources than a uniformly refined mesh. The mesh adap-
tion work was followed by an improved off-body solu-
tion adaption capability implemented in OVERFLOW?2 by
(Buning & Pulliam, 2011). This new capability was based
on the original work done by Meakin (1995)and provided
for the automatic creation of multiple levels of finer Car-
tesian oft-body meshes. The adaption capability was also
coupled with load-balancing and an in-memory solution
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interpolation procedure, providing good performance for
time-accurate simulations on parallel computer platforms
(Agusta Westland European Aviation, 2013). The sound-
proofing is acquired through performing changesin design
and materials either in the cabin interiors or exteriors. Vi-
broacoustic soundproofing of helicopter interiors wereper-
formed focusing mainly on the Aerospatiale Gazelle which
is a light helicopter that people use for civil chartered flight
purposes (Mucchi et al., 2012). As the study was conduct-
ed on a Fenestron based first helicopter Gazelle, similar
study was conducted on Airbus H135 where they used the
Fenestron structure (Vario Helicopter, 2020). For finding
out the impact on the conventional tail rotor helicopters,
the simulation was also performed on a Bell 429 rotor
craft. Focusing on the aim for soundproofing, finding and
conclusions were made according to the chosen materials
(Globalair, 2020). While it is useful to be able to model
/ predict thenoise environment of the rotorcraft within
the fuselage, it is at least crucial to identify ways of miti-
gating that noise as effectively as possible (Pierro et al.,
2009). It significantly reduces the likelihood adverse ef-
fects on vehicle performance due to as increasedcost and/
or complexity, increased weight penalties etc. (Helicopter
University, 2018). The calculation and simulations will be
taking place in two software namely, SOLIDWORKS 2020
and ANSYS 19.2. The process on the ANSYS takes place
through a series of processes, starting from setting the
units, carried on by model importing, setting the geom-
etry, setting load and boundarycondition, creating compu-
tational domain, introducing finite element meshing, cal-
culation of inputs, coordinate systems,connection status,
named selection and special harmonic acoustic analysis
(Lu et al,, 2018). This approach has been successfully used
forthe GAZELLE trim design evaluating acoustic perfor-
mances versus weight and costs (Airvectors, 2021). Sound-
proofed ANSYS models arethen definitely validated using
instantaneous sound pressure levels measured within the
helicopter during flight. The acoustic detection method
for GAZELLE was also performed successfully in SOLID-
WORKS for aluminum alloy and titanium alloy. And this
proves the relationship between acoustic powers and mate-
rial configuration. The noise coefficient responses of interior
materials are used as main index for soundproofing heli-
copter interiors (Li & Xuan, 2017).

1. Methodology
1.1. Importing the model

Primarily designing the Gazelle helicopter model using
Autodesk Inventor. After the design phase, it is important
to check all the details before importing the model. To
begin, with — interface to monitoring materials physical
database and mechanical properties, mathematical input
parameters and finally the models. Except the model, set-
ting all the other parameters to default. The module can
also operate with geometry imported from third-party
CAD software. It enables to correct geometry deficiencies

to modify or simplify the geometry model. The import of a
part’s material properties is available in ANSYS library or
in Inventor. The statistics of geometry used are 2 bodies,
723 Node, and 1755 Element.

1.2. Setting boundary conditions

Furthermore, a mathematical model is described, based
on the type of analysis to be used in the work, and the
required calculation module is selected (Wang et al., 2020).
For example, use the Static Structural Module to calculate
a structure’s stress-strain state (SSS) under the impact of
static loads. At this point, the characteristics of the materi-
als, the boundary and initial conditions of the topic must
be set, calculation methods selected, the solver configured
in accordance with the accepted physical and mathematical
model and the calculation accuracy required (Slide Player,
2019). In our case, a special Harmonic-Acoustic module
was purchased. Unlike the old Ansys version, the special
Harmonic-Acoustic module allowed the authors to count
everything in one module. In the old Ansys, 5 modules
were required and that is time consuming. So, initially the
introduction of the computational domain. Computational
domain is where the Authors evaluated the model, as the
surface is infinite, then the computational domain was
brought to give the helicopter some boundaries. And all
the computation and calculation take place in the computa-
tional domain. The more complex and wide computational
structure is, the longer the time that ANSYS needs to com-
plete the simulation process. The acoustic space around the
helicopter (represented as a domain) is a square. According
to NASA (Noonan et al., 2001), wall disruptions were min-
imal, so the authors excluded them from our investigation.
The helicopter was placed in a computational box. The box
region represented freestream flow (Figure 1) and ensured
minimal wall interference for the helicopter model and air
as a material. Physical space (the actual helicopter) is pre-
sented as a solid body consisting of steel and an insulating
material with some physical and mechanical properties
that are averaged over (see Figure 2).

The estimation method is completely automated, but
monitoring of the decision process is recommended: track

Figure 1. 3D Gazelle helicopter in domain after importing
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Figure 2. Result of mesh in domain Create a grid of finite
elements

the solution’s behavior and its compliance with the inte-
gration requirements, show external parameters on the
screen that enable you to determine the solution’s required
quantitative characteristics, etc.

The corresponding loads and boundary conditions
shall be set when solving vibroacoustic problems. First,
these are types of sound energy that can be posed as a
plane wave (it has the form of a plane on its front), mono-
pole, dipole etc.

1.3. Introducing finite element meshing

Following the Authors presented data concerning the
mesh, Table 1, and Figure 3.

This can be achieved using the CFD Modules for
Meshing and ICEM. ANSYS started designing it when
ANSYS system crashed a minor desk creating ICEM grid
algorithms, and the algorithms slowly started to use in the
ANSYS native system (see Figure 4).

Mesh geometric quality is defined by mesh quality,
element aspect ratio, and element skewness. Figure 4a

Table 1. Statistics of geometry used
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Figure 3. Gazelle 3D model after mesh

showed the mesh quality metrics imported from AN-
SYS, Figure 4b showed aspect ratio Quality, and Figure 4c
showed Element skewness.

1.4. Calculation inputs

To begin with the calculation, it is necessary to give the
necessary inputs. The calculation method is completely
automated, but monitoring of the decision process is rec-
ommended: track the solution’s behavior and its compli-
ance with the integration requirements, show external pa-
rameters on the screen that enable you to determine the
solution’s required quantitative characteristics, etc. The
results need to be analyzed once the calculation is com-
plete. Following is the basic input that needs to be added
in-order for the calculation to take place (Abdelghani
et al., 1999). The precession of the result is independent
from the grid variety but depends on the grid configura-
tion intensity. Also, like most of the common calculation,
it depends on how many times it occurs. Roughly each
set of calculations are repeated on the software solver by
around 100 of times, hence getting a more precise answer.
But by increasing the number of occurrences, there is a
good chance of reducing it. Based on the work of Light
hill, Proudman derived computational expressions to es-
timate the noise pressure of low Mach iso-tropic turbu-
lence in terms of turbulence kinetic energy as well as dis-
sipation period. Centered on the analogy of Proudman,
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the flow-induced acoustic strength can be represented
in compliance with normal steady-state variables which
correspond to turbulent kinetic energy, k and dissipation
rate, which is conventionally used in CFD. The flow noise
origins may be represented as a first approximation as the
number of the volume and surface components as fol-
lows:

P = Ps + Pv; (1)

P =] Ps(yb)dS + [ Pv (»)dV, (2)

where: P = the total acoustic power generated by the flow;
Ps (yb) = the surface component (dipole).

Py (y) = volume component (quadrupole); (y) = the
position vectors of the volumetric.

(yb) = the position vectors of the surface source point.

By considering simple spectra for the volume and sur-
face sources, the spectral properties of the acoustic power,
intensity, and therefore sound pressure can be estimated.
The range for the volume sources is specified by:

fv(w,gqv,rv,cv) =———F—, (3)

where: C, = a parameter to be determined by model cali-
bration.

o = the radian frequency; o, = the characteristic frequen-
cy and here is given by,

oy = F, (e/k), (4)

where: F, = a calibration pre-factor.

And the surface spectra, gs, rs and ss are parameters
to be deter-mined by model calibration. The following
equations are used for the acoustic power:

P(®) = Psf (o, gs, s, ss, Cs) + Pvf (o, qv, v, cv). (5)

The following equations are used for the intensity
spectra:

I (x, ®) = Isf (o, gs, s, ss, Cs) + Ivf (o, qv, v, cv).  (6)

The correlation coeflicients, A, B, Cv, Cs, Fv, Fs, gs, s
and ss, from Equations (1), (2), (3), (4) and (5) are de-
termined through model calibration. A k—¢& sound model
based on the formula of Proudman was presented, which
was extended to include the sound produced by a smooth
body immersed in turbulent flow.

1.5. A different approach for noise prediction

After doing some research, the authors found out the
SOLIDWORKS Fluid Simulator demonstrated the noise
analysis capabilities. This helps the consumer to quantify
the noise that the turbulent flow produces. There are now
two new outcome functions available - acoustic power
and sound power level. SOLIDWORKS Flow Simulation
makes use of the Proudman formula for estimating noise

estimation. It involves the assessment of the wideband
noise generated by turbulence. In the Proudman for-
mula the premises are as follows: High numbers flow to
Reynolds, Low Mach flow, Turbulence isotropy and Zero
Mean Movement. Without operator feedback the solver
conducts a noise analysis measurement internally. The
output parameters for the noise prediction can be allowed
via the dialog window Modify Function Chart. In the fol-
lowing types of analysis such parameters can be used: cut
plots, surface plots, iso-surfaces, fluid trajectories, point
parameters, surface parameters, volume parameters, and
XY plots. Using SOLIDWORKS 2020 premium version,
the authors could use the full benefits of the calculations.

2. Results

2.1. Presenting the results

First to select the plane, in our case it is the right plane.
And then select the required value; in the assigned case, it
is the acoustic power and acoustic power level. And then
select the number of legends. Then, the data will be pro-
cessed, and the results will appear on the model. There
can be seen the difference in different areas of the model
(Gazelle). Moving on to see the flow trajectories, the fol-
lowing steps should be taken:

1. After initially hiding the acquired cut plot, right
click on flow trajectories and click insert.

2. Then select the surfaces where it is possible to see
the impact, in this case it will be the cabin area of
the helicopter model.

3. After that under the appearance tab, select the rep-
resentation of the flow trajectories path. Selected
lines with arrow for easy understanding, and under-
neath can select how many lines for flow trajectories
you need.

4. Then select the required parameter to use, in our
case acoustics. Then click ok to see it results, after
the processing the results will appear on the model.

2.2. Results from the original Gazelle model

All the methodology and procedure of how the results are
obtained are shown above in the (1.2), the Gazelle heli-
copter is in Cruise condition flying at a speed of 264m/s,
the cut plot illustration below shows the acoustic power
level obtainedat a different point of the helicopter taking
the right plane as frame of reference. The index depicts
the maximum and minimum value of acoustic power level
(dB) attained in the process (see Figure 5). The flow tra-
jectory plot illustrated below shows the flow of turbulent
air passing through the computational domain whichwas
prepared initially. And the arrows represent the flow of
air against the helicopters structure and attaining different
acoustic power levels at different part of the helicopter.
The index depicts the maximum and minimum values at-
tained through the process (see Figure 5).
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Acoustc Power Leve 48]

Flow Traectones |

Figure 5. Flow trajectory acoustic power level default
material Gazelle

Surface plot of the acoustic power level shows more de-
tailed view of the effect on the cabin compartment of the
helicopter. Taking into consideration the variation in dif-
ferent parts of the helicopter cabin, the acoustic power
level tends to vary. The index depicts the variation in the
acoustic power level (dB) (see Figure 6).

The goal plot, which is depicted below shows, the aver-
age total pressure, average total temperature, average ve-
locity, liftforce in the Y-direction, friction force from the
helicopter’s direction of motion, as well as normal force.
The plots are based on number of Iteration (in the Y di-
rection) and Normalized scale of 0 to 1 (in X direction).
The index of the graphis given below the graph plot (see
Table 2, Figures 6 and 7).

Table 2. Ambient condition for original material Gazelle

analysis
Thermodynamic Static Pressure: 101325.00 Pa
parameters Temperature: 293.20 K

Velocity parameters | Velocity vector
Velocity in X direction: 264.000 m/s
Velocity in Y direction: 0 m/s

Velocity in Z direction: 0 m/s

Turbulence
parameters

Turbulence intensity and length
Intensity: 0.10 % Length: 0.030 m
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The achieved IT (sound intensity) represents the num-
ber of iterations that took place to attain the results. It de-
picts the average value of each of the goals which were set.

2.3. Results from the aluminum Gazelle model

All the methodology and procedure of how the results are
obtained are shown above in the (1.2), the Gazelle heli-
copter is in Cruise condition flying at a speed of 264 m/s,
the cut plot show below shows the acoustic power level
obtained at different point of the helicopter taking the right
plane as frame of reference. The index depicts the maxi-
mum and minimumvalue of acoustic power level (dB) at-
tained in the process (see Figure 8).

The flow trajectory plot illustrated below shows the flow
of turbulent air passing through the computational domain
whichwas prepared initially. And the arrows represent the
flow of air against the helicopters structure and attaining
different acoustic power levels at different part of the hel-
icopter. The index depicts the maximum and minimum
values attained through the process (see Figure 10).

Surface plot of the acoustic power level shows more
detailed view of the effect on the cabin compartment of
the helicopter.

Taking into consideration the variation in different
part of the helicopter cabin, the acoustic power level tends
to vary. The index depicts the variation in the acoustic
power level (dB) (see Figures 9, 10 and 11).

The goal plot, which is depicted below shows, the aver-
age total pressure, average total temperature, average ve-
locity, liftforce in the Y-direction, friction force from the
helicopter’s direction of motion, as well as normal force.
The plots are based on number of Iteration (in the Y direc-
tion) and Normalized scale of 0 to 1 (in X direction). The
index of the graphis given below the graph plot.

The graphical representation plot of the acoustic
power level shown is based on the trajectory length (m)
and acoustic power level (dB). It depicts the different tra-
jectories that were passing along the helicopter showing the
maximum acoustic power level achieved in the process.
The trajectory is based on the opposite movement of the
helicopter where the flow of air is intense (see Figure 12).

The graphical representation plot of the acoustic power
shown is based on the trajectory length (m) and acoustic
power level (W/m?). It depicts the different trajectories
that were passing along the helicopter showing the maxi-
mum acoustic power level achieved in the process. The
trajectory is based on the opposite movement of the heli-
copter where the flow of air is intense.

Figure 6. Goal plot default material Gazelle

Mame Current Value Frogress Criterion Averaged Value
B GG Average Total Pressure 1 149572 Pa e 365492 Fa 149576 Pa

1 GG Average Total Temperatwre 2 327.787K R E] 22011e-05k  327.787K
1166 average velocity 3 263.205m/s  [LAChISVEGU S Al | 0.101929m/s 263309 mis
BoGrercen s -B422TN A= 236025 N -830515 N

B ca Friction Force (0 6 889687 N [hiEeaT =] 198894 N 895729 N

B GG nommal Force 4 566256 N A a i e a0 +49.796 N 586851 N

Figure 7. Goal plot index (Original material Gazelle)
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Figure 8. Flow trajectory acoustic power level aluminum
material Gazelle
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Figure 9. Goal plot aluminum material Gazelle

Name Current Value Progress Criterion
lGG Average Total Pressure 1 149647 Pa
lGG Average Total Temperature 2 327.787T K

Averaged Value
17.0454 Pa 149648 Pa
9.00622e-06 K 327787 K

lGG Average Velocity 3 263.505 m/s 00450126 m/s  263.504 m/s
lGG Force ()5 —-847.214 N 149676 N —-84581TN
lGG Friction Force (X) 6 89.1646 N 126743 N 89.7475N
lGG Normal Force 4 5826.97 N 28995 N 5823 N

Figure 10. Goal plot index - (Gazelle aluminum alloy)

2.4. Results from the Titanium Gazelle model

All the methodology and procedure of how the results
are obtained are shown above in the section 2.1, the Ga-
zelle helicopter is in Cruise condition flying at a speed
of 264 m/s, the cut plot show below shows the acoustic
power level obtained at different point of the helicopter
taking the right plane as frame of reference.

The index depicts the maximum and minimum value
of acoustic power level (dB) attained in the process (see
Figure 13). Surface plot of the acoustic power level shows
more detailed view of the effect on the cabin compartment
of the helicopter. Taking into consideration the variation in
different parts of the helicopter cabin, the acoustic power
level tends to vary. The index depicts the variation in the
acoustic power level (dB) (see Figure 14). The goal plot,
which is depicted below shows, the average total pressure,
average total temperature, average velocity, liftforce in the
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Figure 11. Acoustic power level aluminum material Gazelle
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Figure 12. Acoustic power level aluminum material Gazelle

Acoustc Power Level (98]

CutPlot 1: contours

Figure 13. Cut plot acoustic power level titanium material
Gazelle

Y-direction, friction force from the helicopter’s direction
of motion, as well as normal force.

The plots are based on number of Iteration (in the Y
direction) and normalized scale of 0 to 1 (in X direction).
The index of the graph is given below the graph plot (see
Figure 15).

The achieved IT (sound intensity) represents the num-
ber of iterations took place to attain the results. It depicts
the averagevalue of each of the goals which were set. See
Figure 16a and 16b.

The graphical representation plot of the acoustic
power shown in Figures 16a and 16b is based on the



Aviation, 2023, 27(1): 57-66

63

Name

GG Average Total Pressure 1

.GG Average Total Temperature 2

Current Value Criterion

Progress

Averaged Value

RITETK 327787 K

[ GG Average Velocity 3 2133 ms 263379 m/s
Becroree s -T9163IN 70454 N
,/\ . I GG Friction Force (X) 6 BOS349 N 898664 N
-7 - 166 Normal Force 4 5997 N 364028 N 600131 N

= o

Figure 14. Goal plot titanium alloy Gazelle

Gazela asm Ti 8Mn (ss). SLDPRT [Titanium material gazelle]

Acoustic Power Level (dB)
&

o s
Trajectroy Lewgh fm)

(a)

Figure 15. Goal index - (Gazelle titanium alloy)

oy gazela_asm Ti-8Mn (SS). SLDPRT [Titanium material gazelle]
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Figure 16. Acoustic power level in (dB) (a) and acoustic power in (W/m?) of titanium material Gazelle (b)

trajectory length (m) and acoustic power level (W/m?). It
depicts the different trajectories that were passing along
the helicopter showing the maximum acoustic power level
achieved in the process. The trajectories are based on the
opposite movement of the helicopter wherethe flow of air
is intense.

3. Similar approaches in Bell 429 Global-Ranger
and Airbus H135 (Euro-copter EC135)

Similar approaches taken for another prototypes, Airbus
H135 and Bell 429. The following are the results acquired.

3.1. Results from Airbus H135

Among the most popular passenger aircraft by Airbus Heli-
copters, the H135 is recognized for its large endurance, com-
pact construction, low sound, dependability, versatility,
and value-competitiveness.

This twin-engine rotorcraft can conduct several mul-
tiple objectives, landing just about anywhere, particularly
high, and warm, while holding more weight than other
rotorcraft in its group over greater periods.

- Results acquired from 6061 aluminum material

The plot depicted below is the results acquired after
completion of 80 iterations. It depicts the sonic speed, Tur-

bulence, length, acoustic power level, turbulent energy, cell
volume, specific heat, Temperature, and dynamic viscosity.
The index depicts the maximum and minimum values at-
tained through the process. These are the cut plot results
with Front plane as plane of reference (see Figure 17).

- Results acquired from the trim model Airbus H135

Airbus H135 helicopter outer material is 6016. Insula-
tion sponge is used on the inner side. The gearbox is made
of all-cast iron. The material of the gearbox was changed
from 1060 to titanium as the sound level in the cabin was
intense while the helicopter was flying 300 m.

The material 6016 was used as the outer material of the
cabin, but the titanium was used for the inner structure,
then theanalysis was performed, and it was detected that

T

Figure 17. Values obtained for Airbus H135 first test
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this way, the noise in the cabin was. However, negative
consequences were detected, an increase on the outer sur-
faces and fatigue in the materials. To prevent this fatigue, it
was decided to thinthe wall thickness and shaped the ma-
terial. Due to these changes, the amount of sound (dB) in
the cabin heat has decreasedand the strength of the outer
material increased. Implementing insulation between the
trunk and the cabin, this made surethat the sound gener-
ated in the trunk did not enter in large amount into the
cabin. This also reduced the temperature valuecaused by
friction in the helicopter air stream. Titanium made the
aluminum used (before titanium it was 6061 aluminumal-
loy) surface to reduce the temperature that exposes from
exterior body air friction (see Figure 18).

The graphical representation plot of the acoustic power
level shown in Figure 19 and Figure 20 is based on the tra-

—

Figure 18. Values obtained for Airbus H135 second test
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Figure 19. Acoustic power level for the final analysis
Airbus H135
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Figure 20. Acoustic power final analysis airbus H135

jectory length (m) and acoustic power level (dB). It depicts
the different trajectory that were passing along the helicop-
ter showing the maximum acoustic power level achieved in
the process. The trajectory is based on the opposite move-
ment of the helicopter where the flow of air is intense.

3.2. Results from Bell 429

- The analysis result for the default material 6061
Aluminum alloy in Bell 429 Interiors

The following plots represents the acoustic power level
and acoustic power of the Bell 429. The flow trajectory
passing along the helicopter represents the air flow against
the helicopter motion at cruise condition. The index de-
picts the values, it also represents the maximum and mini-
mum values of each (see Figure 21).

The flow trajectory depicts the turbulent air passing
through the helicopter cabin. The plot defines the acous-
tic power, acoustic power level, turbulent energy, dynamic
viscosity, pressure, temperature. The graphical representa-
tion plot of the acoustic power level shown in Figure 22 is
based on the trajectory length (m) and acoustic power level
(dB). It depicts the different trajectories that were passing
along the helicopter showing the maximum acoustic power
level achieved in the process. The trajectories are based on
the opposite movement of the helicopter where the flow of
air is intense (see Figure 22).

The graphical representation plot of the acoustic power
shown in Figure 23 is based on the trajectory length (m)
and acoustic power level (W/m?). It depicts the different
trajectories that were passing along the helicopter show-
ing the maximum acoustic power level achieved in the
process. The trajectories are based on the opposite move-
ment of the helicopter where the flow of air is intense
(Figure 23).
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Figure 22. Bell 429 aluminum alloy 6061 overall results
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Figure 23. Default Bell 429 (Al-6061), acoustic power

Conclusions

Vibroacoustic soundproofing of helicopter interiors was
performed selecting a prototype. Keeping acoustic power
levels and noise coeflicient as measuring index helicopter
interiors APL and SPL analysis has been conducted. After
analysis of acoustic power level, the Authors concluded
that Titanium alloy Ti-8m material as interior material for
reduction of APL should be used.

The acoustic power level reduction was achieved ap-
proximately up to 7.2%. The APL simulation was per-
formed using SOLIDWORKS 2020 software, the NDT
based test on noise prediction and its impact on the
acoustic power level considering the pressure and ambi-
ent temperature. Keeping Aerospatiale Gazelle as object
of investigation, vibroacoustic soundproofing SPL analy-
sis for helicopter interiors were performed using AN-
SYS special harmonic acoustic module. A decision was
made to make changes in frequency ranges and perform
the test of the frequency level from the minimum to the
highest recommended frequency level which is 2000 Hz
for Gazelle helicopter. The aim of the soundproofing was
compared for two different sound absorption coefficient
materials (SACM). 0.92 SACM and 0.7 SACM, where the
two different materials were used to insulate the sound
and to achieve the soundproofing. The Harmonic acous-
tic module focusses on the noise generated on the panels
and the noise generated due to vibrations affecting interior
acoustics of helicopter. The results were obtained for both
the SACM materials and were taken through a series of
comparisons.

Starting with the Sound Pressure level (SPL) values,
acoustic total velocity, frequency band SPL, and all these
results were again carried out through an A-weighted test-
ing to get a more precise finding and accuracy. From the
results acquired for both SACMs; it was clear that higher
valued 0.92 SACM showed a better uniform soundproofing
through varied frequency range than 0.7 SACM and less
distribution of acoustics once the sound enters the cabin.

Although 0.7 SACM have a very less uniformity through
the frequency ranges. Considering typical cabin sound ex-
citation to the interiors, the 0.92 SCAM was providing a

uniform sound pressure level detection of approximately
10.34% and the 0.7 SACM was providing a non- uniform
percentage of approximately 12.56% in different frequen-
cy ranges, these valuesare confirmed and verified with
the A-Weighted values for more precision. The practical
implementation of 0.92 SACMcan be considered due to
its cost effective, long lasting, and cheaper manufactur-
ing features. Results of research reveal that the problem of
interior noise in helicopters can be reduced successfully
up to 10.34%. Since tests and simulations were conducted
only for forward motion of helicopter in cruise condition,
future work will focus on all phases of flight and in varied
motions of airflow trajectory.
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