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Satellite launchers are submitted to severe acolstids mainly during lift-off where SPL
achieve, at the upper parts, values within the mn§140-160 dB. Such an excitation can
damage embedded elements, if energy attenuatiosumesaare not adopted. In view of
managing the PLF vibro-acoustic environment, nuo@ritechniques are applied to
predict elasto-acoustic behavior. This manuscriggsents a numerical study on the design
of acoustic insulation for the VLS-1 fairing comjpaent. An excitation profile based on
the literature is applied on a SEA coupled modethi$ structural-acoustic system and
absorbing materials are added to the model. Twoap®aters of the absorbing material
layer are analyzed: thickness and covered area. W&d@ modeling approaches are used
to simulate the effect of blanketing the VLS-1 idgir acoustic materials Biot's
parameters, given by the manufacturer, and matesainples absorption coefficient,
measured in a Kundt Tube. Results show that areaser in the blanket thickness from
7.621t0 12.7 cm results in a TL of 1.7 dB OSPLJewariations of up to 3.0 dB OSPL are

calculated if the fairing cavity blanketed area iesrfrom 30% to 100%.
Keywords: statistical energy analysis, acoustic materiatsjrel attenuation, launchers, fairing

Introduction

The structural design of ELV payloads is driventhg severity
of the launch environment. The loads transmittezinfrthe PLF
structure to the payload during lift-off are moevere than any load
the payload can experience during its flight missidherefore,
payloads must be qualified by being subjected t@ddowhose
magnitude and spectral content are representafiviheo launch
environment inside the fairing cavity (Scott et 4096). The more
severe the launch environment is, the more experisithe cost of
placing the payload into orbit, considering tha¢ ttost of a space
mission is estimated around US$ 259,000/Kg (Jair835).

Acoustic loads due to rocket motors operation fatdff and
external loads as transonic and maximum dynamisspre are
significant loads. These air-borne excitations haag main
characteristics their broadband and random natsireedl as high
intensity acoustic levels. The induced acoustic arldration
environments may damage structures and embeddguheznt and,
therefore, must be considered still during the thunvehicle
developing phase.

Passive techniques can be used to attenuate sadmitne
vibration and the use of viscoelastic materialsirgidstructural
damping to reduce structural vibrations is a welbkn solution,
usually applied in space and aeronautical indisstriénother
important technique is the use of AVC as describgdslaese and
Anderson (2003).

For acoustic noise attenuation, designers may denglie upper
parts of launchers as the main elements to besttgas is the case
of the PLF and bays. Passive techniques with aicoblsinkets were
used by Glaese and Anderson (2003) and Weissma&dd)1%he
standard practice is to use blankets to attenuamtadsenergy by
trapping the energy and dissipating it as heat t@ol 2005).
However, in space industry, the weight of the NGTailimitation
that must be accounted. Another important issugetoonsidered is
that blankets are typically 5.08 to 10.16 cm thiokaking them
more effective in frequencies above 300 to 400 Mvertheless,
even though these NCT are more effective from mmedito high-
frequencies in low-frequency range, the relatiotwkeen the speed
of sound and frequency makes the acoustic wavéiengtlong for
sound waves to be trapped in the blanketed tredtmsna result,
other techniques as active noise control (ANC) &telmholtz
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resonators may be applied to reduce noise (GlaedeAaderson,
2003; Defosse and Hamdi, 2000). Several approatttatscan be
grouped into passive and active attenuation tecesigcan be
applied to reduce acoustically induced vibratiomirdy launch. For
the passive approaches, the structure can be madiff changing
masses or stiffness or by including damping in réigc points
(dynamic vibration absorbers) or in large areasclastic layers
attached to the structure skin). The acoustic gaah be modified
by adding acoustic-absorbing material to its bouiedaor by using
acoustic resonators. The first strategy can redie on a large
frequency interval while the second one is ableeduce SPL in
tuned frequencies.

The vibro-acoustic behavior of the VLS-1 fairingswstudied by
Pirk, (2003). In this work, the PLF low-, mediumnda high-
frequency bands were defined as up to 150 Hz, ft6fhto 300 Hz
and above 300 Hz, respectively. Furthermore, lagdency
coupled techniques like FEM/FEM and FEM/BEM as vesl|SEA
for high-frequencies were applied to obtain the Rideustic and
skin responses due to an acoustic diffuse fiefdykiting the lift-off
acoustic loads.

An acoustic test was done to validate the refemedel. In such
test, the VLS-1 fairing was submitted to 145 dB QS#oustic
diffuse field in a 1,200 fh acoustic reverberant chamber.
Experimental and theoretical data were comparedsand/ed good
agreement (Pirk and Goées, 2006).

At this phase of the VLS-1 project, the assessméutifferent
passive techniques for acoustic environment all®riato be
applied to the PLF is an important issue, since féiring has not an
efficient NCT, so far. One of the main applicatioofsnumerical
control prediction is the decision, still in the rlga product
development phase, about which design version & mfost
appropriate, from the noise control point of vi®y. introducing the
concept of sensitivity analysis, product developmean be
performed in a more systematic way. In order todjstethe
efficiency of a NCT, one compares the effect of asign
modification.

This work aims to predict the inner acoustic envinent of the
VLS-1 PLF by virtually adding acoustic blankets.eTbasics of the
SEA technique as well as the modeling procedurescfeating
different virtual prototypes of the fairing are peated. A SEA
vibro-acoustic model of the referred PLF is buaktcounting for the
structural and acoustic subsystems, external acodgfuse field
excitation and connections involved on such moddterwards,
different blanket layers are implemented on thiastl-acoustic
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virtual prototype and the effects of these NCT iempéntations
are assessed. Since blankets acoustic absorpiemde on certain
material parameters, two blanket modeling appraaeine assessed
as follows:

i) material physical Biot's parameters as density,0gity,
resistivity, tortuosity, viscous and thermal ché&esstic lengths,
given by the blanket manufacturer;

ii) measured normal incidence absorption coefficienfs
material samples.

Finally, the influence of the percentage of theated surface,
the NCT thicknesses and the presence of air-gapgebe blankets
are analyzed.

Nomenclature

PLF = payload fairing

ELV = Expandable Launch Vehicle

BEM =Boundary Element Method

c =speed of sound

E =Young’s Modulus

E; =lumped total energies

FEM =Finite Element Method

Hi, =complex transfer function

K =wave number

L = distance between the material under test and

microphone number 1
n =systems modal densities
NCT =Noise Control Treatment
OSPL =Overall Sound Pressure Level

nij = coupling loss factors (CLF)
VLS-1 =Brazilian Satellite Launcher Vehicle
Greek Symbols

a, = transmission coefficient
a = normal absorption coefficient
10} = angular frequency

o v = Poison’s Modulus
7% = air dynamic viscosity, dynamic viscosity, kg/(m s
e = mass density, kgfin
Subscripts
i =relative to the subsystem i
j =relative to the subsystem j
1 =relative to the microphone 1
2 =relative to the microphone 2

Acoustical Characterization of Sound Insulation

Acoustic layers are not effective barriers whendusereducing
sound transmission. However, they are used to sspphe effects
of the mass-air-mass resonance and inter-paneh degbnances
and to enhance the TL at medium- to high-frequengiolton,
2005). The acoustical performance of blanket matercan be
characterized in many ways, since different paramseas Biot's
parameters, thickness etc. are significant whenustto NCT
designs are specified.

The Biot's parameters are physical properties assige
porosity, resistivity, tortuosity, viscous and timal characteristic

Pij =input power lengths of the material. These properties are lsg@en by the
R =plane wave reflection coefficient material manufacturer or can be measured in latigraas pointed
S =distance between microphones by Lauriks (2005).
SEA =Statistical Energy Analysis The material absorption coefficientr)( is another important
SPL, =external SPL (dB, ref. 20 exp -06) parameter related to sound absorption, which isadherized by its
SPL, =internal SPL (dB, ref. 20 exp -06) normal or random incidence characteristics, andbeameasured by
TL = sound transmission loss using an impedance tube. The ISO standard 10532988]
Wt =sound power transmitted by a barrier describes the well-known “two-microphone” or “tréersfunction”
Wi = sound power incident method for measuring absorption and impedance cteaistics of
Pcf  =pounds per cubic feet acoustic materials as shown in Fig. 1.
nii = internal loss factors
postion 1 position 2 sound seurce
microphone icrophone
y test sample gl
S Enerator
terrnrﬁlanon i~ PILE ,g
Pr
———
xl
e

Figure 1. Impedance Tube.

The transfer function method is based on the mftidhe sound
pressures of the reflected wave and the incidentewat the
termination (at x = 0), given by Eq. (1) (Seybert&oss (1977)):

()

The absorption coefficient of the materials is giby Eq. (2).
a=1-|R’| @)
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The random incidence absorption coefficient cano atse
measured in a reverberant room, where the acalifftise field can
approximately be simulated.

In this framework, the characterization of acoustiaterials
using impedance tube is an important issue, when camsiders
sensitivity analyzes by adding different NCT desigBy using the
PLF vibro-acoustic SEA model, the effect of additiof acoustic
liners is assessed and the fairing internal acowstvironment can
be calculated. This way, the NCT efficiencies and dan be
evaluated. The two approaches described in this e considered
in the modeling techniques of the VLS-1 fairing. eTIBiot's
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parameters are taken into account in the PLF SEAleiand
different NCT efficiencies are assessed. On theeroside, an
impedance tube apparatus was used to determinabtherption
coefficients of different materials and these patars were
implemented on the fluid-structure SEA model of flieng.

Model Description

VLS-1 fairing description

The VLS-1 fairing is the compartment where the pagl is
placed during flight and has as function to giveodgnamic shape to
the launcher as well as to protect the payload. Pid is
hammerhead geometry, with a diameter of 1.2 m ahdBheight.
Built on aluminum plates, reinforced by beamsgitterior surface is
lined in cork material for heating protection arm atoustic blankets
are provided inside the fairing cavity, so far. Thtal weight of the
fairing is approximately 150 kg, including the sture, functional
components as the electric and pyrotechnic systemashanisms and
the exterior cork liner. Figs. 2a and 2b show thE.P

Figure 2a. VLS-1 fairing structure.
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Figure 2b. VLS-1 fairing structure.

SEA Modeling Methodology

Deterministic techniques as FEM and BEM have litiotes for
high-frequency analysis. Considering the appropriatimber of
elements per wavelength, smaller elements are deédereasing
significantly the number of degrees of freedom.sThefinement
imposes limitations, once the allocated memory iogessing time
increase; mainly for coupled analysis (Pirk, 20080 on high
frequencies modal parameters show great sensititotysmall
variations of geometry, construction and propertiedight of these
limitations and uncertainties, the use of a siaifimodel seems an
appropriate choice for high frequency analysis a&hd SEA
technique is proposed to assess the inner cavitavie of the
VLS-1 fairing.

The basic SEA equations express the energy balahdbe
subsystems in the model. Some subsystems havé poeer input
of an independent source, e.g. an excitation ontractaral
component, a sound power source in an acousticumedtc. As an
example, Fig. 3 shows a SEA model with three coimuec
subsystems and the global SEA equations of suchndignsystem
can be obtained by the balance of each subsysteimidually.

As stated by Lyon and DeJdong, 1995, in many pralctic
situations, the system will be composed of many tirmubdal
subsystems, where each subsystem may be physaallyled to
more than one subsystem. The whole system can bleletbas a
set of modes that constitute the energy store dodal SEA, it is
assumed that the energy flow between two subsysiemiven by
the energy flow describing a two subsystem model dne
reciprocity equation, as shown in Eq. (3).

P inl I3in2
l Ni1y2
M1, diss €— El Mot E2 ——> M2 diss
N3y1 1352
E3
> 22
niy3 T l

P in3

Figure 3. Energy balance of a 3 subsystems coupled
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1M 3, diss

model.

ABCM



Implementation of Acoustic Materials to the VLS-1 Fairing — A Sensitivity Analysis Using SEA

B =l E -1, E))
N7y = N5

The temporal average of the dissipated energyslnbaysteni
is given by:

P.aiss = W E;

Mathematically, the energy balance of the subsysdtemgiven by:

P :Pi,diss+Zn:F?ﬁj _anqu

j#i j#i

®)
The substitution of the basic SEA Egs. (3) andn(&q. (5), gives:

R =wypE +Za)(,7ij E -E)) ®)

j#i

The corresponding SEA equation of the 3 subsystenpled

model takes into account the input powersto subsystems i, a

vector with lumped total energies &d the SEA matrixy] which
depends on the frequency and the SEA parametdrgesnal loss
factors gii), coupling loss factors;if) and modal densitiesii), and
is described in Eq. (7).

[’711 + z’ln ]nl /vars My 5
i#1 n F’1
n E, P
22, 22 +Z']2I n, .. r.T =J2 (7)
%2 2
/RS [”nn +z’7m]nl n,
#n

SEA Vibro-Acoustic Model of the Fairing

The VLS-1 fairing was divided into four surfaces, shown in

4

structural SEA model. Figure 4 shows the SEA plaied beams

A3) generated to model the VLS-1 fairing structure.

The PLF acoustic cavity was created consideringsaithe fluid
and the dimensional parameters of the fairing. Ashs a mass
densityp = 1.225 kg/miand a speed of sound ¢ = 340 m/s were
assigned to create this subsystem. The top andrbdtice of the
cavity were assumed to be acoustically closed.rEi§upresents the
3D acoustic cavity of the fairing.

Figure 4. Structural subsystems (shells, circulara  nd longitudinal beams).

Figure 5. Acoustic cavity of the fairing.

The coupling boundary between all the structural aooustic

Fig. 4. To account for the rib-stiffened platestué surfaces 2, 3 and gypsystems is modeled to consider the transmisgipower across
4, the SEA structural model considers connectetepland beams the junctions. A junction is comprised of conneatimf any number
(longitudinal and circular). The fairing structurakesh was generated o coincident subsystems. As such, all the subsystthat share
on a pre-processor and imported into VAOne softwarerder t0  :ommon nodes are connected by point, line and jaredions and
create the SEA structural mong.The plate su_bms;_tnere generated )| the appropriate wavefields are connected asl sl the
as singly curved shells and uniform plates, witmpliag loss factors corresponding coupling loss factors (CLF) betwaessgstems.

of 1% (for flexure, extension and shear propagatiayes), which

Scott et al. (1996) described the OSPL and respesfectral

account for the internal loss factors. These suesyswere connected gjstribution generated by ARIANE 4 rockets at ff. For VLS-1,

to each other by line connections to account fopting loss factors.
Shell surface 1 has a thickness of 3.0 mm and wedeled as a
simple plate of aluminum (E = 72 GRaz 0.29,p = 2750 kg/m),
while the other three surfaces are 0.8 mm thicklena an aluminum
alloy (E = 72 GPay = 0.29,p = 7000 kg/m). The circular and
longitudinal beams were modeled with the same aumialloy of
the surfaces 2, 3 and 4. The damping loss facfdr%owvere assigned
to all the beam subsystems. The external lineodk on the surfaces
2, 3 and 4 was simulated as material addition. [&jzered area and
cork density were assigned by considering the dbitkness and
mass per unit of area.

A total of 72 beams (44 longitudinal and 28 circuland 8
shells (02 singly curved shells of the adaptor, sigly curved
shells of the lower cone, 02 singly curved shéellhe main cylinder
and 02 singly curved shells of the upper cone) amapthe

J. of the Braz. Soc. of Mech. Sci. & Eng. Copyright
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early simulations and measurements acquired dwstagd testing
showed that the profile generated by ARIANE 4 carabsumed as
the excitation profile at lift off of the VLS-1 simfations. This is
done since the VLS-1 in-flight acoustic measurementre not
characterized so far.

At the beginning of the flight ascent of ARIANE the estimated
OSPL is around 145 dB (Scott et al., 1996). A uambroach to
simulate the launcher structure excitation is tasater the lift off
noise close to a diffuse noise. In contrast with dlerodynamic noise
at flight ascent, the nature of the lift off acauspading is close to a
diffuse excitation, having a (nearly) uniform prags distribution
(Coyette et al., 1997). Only elements with largefeme areas, as
plates and panels, are susceptible to acoustitaggoi (Defosse and
Hamdi, 2000 and Thinh, 1994). In this frameworKfudie pressure
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field of 145 dB OSPL was applied to the plateshaf SEA fairing
model, which simulates the power input into a $tnat plate or shell
element. As the surfaces have eight connectedssiie#l excitations
are applied individually to each shell, as seetheaxcomplete model
(Fig. 7). The spectral distribution of this acoagtiessure diffuse field
which simulates the air-borne excitation generatedLS-1 lift off is
shown in Fig. 6 (Scott et al., 1996). The comp&A fairing model,
with 80 structural elements (72 beams and 8 shdllgcoustic 3-D
volume and 8 diffuse field excitations, is showitig. 7.

Excitation Profile (145 dB OASPL)

160
140

i
N
o

100 A

Sound Pressure Level (dB)

85888
3

S O S LSS
S S S SR P

Frequency (Hz)

Figure 6. Diffuse pressure field at lift off.
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Since the fluid-structure SEA model of the VLS-Irifey was
built, the effect of the NCT designs are evaluatéthe two
approaches assessed consider a SPL prediction seitBitivity
analyzes of different material insertion on the Pa& well as
different percentages of treatments.

Noise Control Treatment (NCT)

Pirk (2003) observed that the mass of cork mateddeed to the
fairing body as heating shield is the only materedponsible for
increasing the acoustic TL inside this compartm&herefore, it is
paramount that the acoustically induced vibratibesattenuated, in
order to have a less aggressive environment fopdytads carried
by VLS-1, during the flight mission. Surveys to ess influence of
different configurations of blanket materials haveen done, in
view of having an extensive library describing theoustical
characteristics of such materials. Besides, diffe@EA modeling
approaches have been studied (Pirk and Souto, &®2010). The
acoustic blanket insertion technique is well agplier medium-to-
high frequency noise reduction (Glaese and Ander2003 and
Bolton, 2005), depending on physical parametersedasn the
Biot’s theory of porous materials. NCTs are usuafpplied using
single- or multi-layered materials specially designto isolate
plates/shells and acoustic cavities. With the s$ieitgi analysis, the
development of a NCT design can be performed irystematic
way. The resulting SPL inside the fairing is cadtatl for different
NCT designs. In the next paragraphs Biot's parasetnd
absorption coefficient approaches are describedth Baoere
implemented in the coupled elasto-acoustic SEA mofithe PLF.
For the Biot's parameters approach, an explicitehotithe inserted
material was considered, based on the physical eptiep of
individual layers, which are accounted in the SE&del. Six types
of glass wools are assessed and the SPL insidéaittieg were
calculated. A thickness of 7.62 cm was adoptedaforost all glass
wools, but for the two 1.2 pcf glass wools (thagégents particular
behavior), one adopted thicknesses of 1.9 cm a®@r8. The best
performing material was chosen and a comparisondsst different
thicknesses and percentages of layered surfacdsediiring was
done, considering the final weight of the applie€T Table 1
describes the materials applied to the SEA modekelt as their
physical parameters.

-
Figure 7. Complete model of the fairing.
Table 1. Glass wools and physical parameters.

Characteristic/Material ?333(?? (234 gopgif 33680p3:f %02720; 1(125p§f (135080;
Density (kg/r) 5.40 6.70 10.49 26.02 19.22 24.00
Mass per area (kgfn 0.41 0.51 0.73 0.37 0.73 1.83
Porosity 0.9435 0.986 0.985 0.97 0.99 0.9994
Resistivity (Nx/M4) 26,890.62 21,649.86 27,337 o4, 96,967 125,647
Tortuosity 1.10 1.00 1.00 1.06 1.09 1.10
Viscous Char.Length (m) 1.65°E 1.15 353 F° 9.50 E® 8.95 E® 120 B
Thermal Char.Length (m) 3.29°E 231F 1.29 E* 719F 8.95F° 6.00 E°

pcf: material density in pounds per cubic fdeb/ft = 16.02 Kg/m).

On the other side, the measured absorption caaffi@f multi-
and single-layered samples of glass wools of OmtP 1a0 pcf were
considered. According to Allard, 1993, air gapswssin materials
increase the acoustic absorption at low-frequendiesorder to

86 / Vol. XXXIV, No. 1, January-March 2012

confirm this statement, samples with two differamt gaps were
also positioned into the Kundt tube. The singlestag samples are
3.50 cm thick, while combinations were done witmptes of 1.75
cm thick. Other configurations were assembled aithgaps of 1.0
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and 3.0 cm between samples. Figure 8a shows theplsamrespectively. Figure 11 presents the internal SRé-third octave

combinations, while Fig. 8b presents the singleelasamples. All
the measured absorption coefficients are shownign & These

distribution, as well as the OSPL.
The 0.34 pcf glass wool — 7.62 cm was adopted & th

absorption coefficients were assigned on the fgisibro-acoustic assessment of the percentages of layered areash wdiso
model and SPL were calculated.

120
Figure 8a. Double-layered 0.42 pcf (light sample)/1 .0 pcf (dark sample), Hlm
1.75 cm thick each. &
g 100
U
]
E; 90 ,\
=) ——  NoNCT/OSPL 132.3 dB
= 80| ——  1.2pcf/0.75in - OSPL 131.8 dB 1
% ——  1.2pcf/1.5in - OSPL 129.8 dB
2ol 0.34pcf/3in - OSPL 125.7 dB
—o—  0.42pcfi3in - OSPL 125.8 dB
—o—  0.6pcf/3in - OSPL 127.3 dB
60 ——  1.5pcf/3in - OSPL 127.4 dB 'S
50 :
10! 10° 10° 10*
Frequency (Hz)
Figure 10. Internal SPL for different blankets.
130
120 *
Figure 8b. Single-layered 0.42 pcf (light sample) a  nd 1.0 pcf (dark sample),
3.0 cm thick each. 110 v 4
: "\,
g 100
g
Measured Absorption Coefficients S g %
B
12 % 80
1 a —4—  3inches-OSPL 125.7 dB

B —=—0.42/1.0pcf —+—  4inches-OSPL 124.7 dB

5 os 0.42pcf 70| ——  5inches-OSPL 124 dB

[ 0.42pctwl G1

3 06 //’7 —%—0.42pcfw/ G3 60 ¥

é // —e— 1.0pcf

£ 04 ——1.0pcfwi G1 50 . - .

2 10 10 10 10

<02 ——1.0pcfw/ G3 Frequency (Hz)

0 =T : — L Figure 11. SPL for different thicknesses — 0.34 pcf
R R N G S S
Frequency (Hz) 130
Figure 9. Measured absorption coefficients *G1 and G3: air gaps of 1.0 cm and 120
3.0cm. 110
g
8 100
w
Results S \‘{\\\
& \ Wk\

The PLF acoustic responses for various NCT cordiipms, g 4 4
including the bare PLF, are shown in Fig. 10. TI&PO shows that 2 %

. . H 70 R ¥
the insertion of the 0.34 pcf glass wool — 7.62yeeids almost 20 dB ot lyered OSPL 1207 B \&
of attenuation, which was chosen as the best peairigrNCT. oH T8 e e Sart o un >

The assessment of the thickness influence was done —%— _ 100% layered - OSPL 1257 dB
assigning 0.34 pcf glass wools of 7.62, 10.16 a7 1cm X o e o

considered the weight as a significant parametéth \tie treated
areas of 30%, 50%, 80% and 100%, the weights oNtDE design
are 1.17 Kg, 1.95 Kg, 3.12 Kg and 3.90 Kg, respebfi Figure 12
shows the calculated OSPL.

Figure 13 shows the one-third octave SPL as welthasOSPL
from 50 to 8,000 Hz, for the NCT described in Fdg.without air
gaps. A 3.50 cm double-layered blanket (0.42 pef/fcf) is
compared with two single-layered NCT. Notice instffigure that
NCT decrease the internal OSPL from 132 dB to 1RB8lidcan also
be seen that the double-layered configuration doets present
significant gain, when compared to single-layerexdfigurations.

130

thicknesses, which have total weights of 3.90, 586 6.60 Kg,
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Frequency (Hz)

Figure 12. SPL for different layered areas.
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Figure 13. SPL for NCT without air gap.
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Figure 14. SPL for NCT with air gaps (*G1 and G3: a
3.0cm).

ir gaps of 1.0 cm and

Figure 14 shows that single-layered treatment Withpcf and
air gaps presented better results. One can sexdrthap effect, since
the SPL close to 100, 315 and 500 Hz are higheinlynahen the
1.0 pcf material with 3.0 cm air gap is applied.eT¢alculations
yielded 127.5 dB OSPL inside the fairing cavity.isTimeans that a
gain of approximately 3.0 dB at 100 Hz bandwidth ba obtained,
yielding an overall gain of 1.0 dB, approximatelowever, it is
important to highlight that air gap installatiomdae limited, due to
fairing internal space. In this case, it is prebdeato install the
blanketed treatment distant from the panels by Ismial gaps,
instead of bonded, once this installation configora presents
higher TL (Bolton, 2005).

Comments and Conclusion

The sensitivity analysis of blankets has showneab effective
tool for the development of the VLS-1 fairing NCBsign in a
systematic way. The effectiveness of a NCT consideits weight
and performance can easily be evaluated using SEW,in the
development phase, where detailed subsystems arequired.

As a statistical technique, SEA does not yieldat#t results in
low-frequency range, where the vibro-acoustic raspe are
dominated by long-wavelength standing wavefieldsveéitheless,
in this first analysis of different NCT designsethalid frequency
range is not considered. However, from medium-ighfirequency,
SEA has shown to be a significant tool for the VL$airing SPL
predictions as presented by Pirk and Gées (200@)ré&works may
consider other NCT to be applied in low-frequenaysing
technigques as FEM/FEM and FEM/BEM.

By analyzing many NCT configurations one can preédibrary
of performances and weights, important parametersdescribe the
ELV performance book. As in space the cost of asimisis a major
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issue, a trade-off between NCT weight and effiglemust be
accounted. Acoustic testing in reverberant chamizgr be conducted
to validate the presented results and other pcetassic materials
may be investigated to complement the fairing N&3igh library.

The current estimated OSPL inside the VLS-1 faiimground
132 dB OSPL at lift off, which is not a compatitéeel for embedded
equipment. Among the studied glass wools, the Ipestorming
blanket material was the glass wool 0.34 pcf — €82 As it was
expected, the increase in the thickness significamtreases the TL.

The variation of the material thickness from 7.6212.7 cm
showed that the gain in TL is 1.7 dB. From the atioian side, this
could be an important gain. However, one may cangfuat this gain
results in heavier NCT designs ranging from 3.96t6 Kg and
induced mission costs can be limited from the laenenanager point
of view. On the other side, 100% blanketed areagmted higher TL
(around 20 dB). Varying the layered area from thaltsurface to
30%, one could see that the internal OSPL varas 8.0 dB.

Concerning the air gaps, the low-frequency effeas @ssessed.
However, NCT with air gap installation is limitedue to fairing
internal space. In this case, it is preferablenstall the blanketed
treatment distant from the panels by small air gaps
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