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1. Introduction 

Qualification:
Validation of design, models, materials and 
processes.
Correlation and tuning of mathematical models.
Margins of safety to qualification loads.

Flight acceptance:
Verification of flight specimen to possible 
manufacturing and material flaws.

Sensitive Components:
Direct acoustic loading of  lightweight structural 
elements, antenna reflectors, and solar panels, sun 
shields.
Acceleration of equipments mounted on lightweight 
structural elements.
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2. The acoustic load case in spacecraft structural analysis and testing 1/5

Ignition and lift-off: blast waves excite 
lateral vibrations, mainly between 5 and 10 Hz. 
These are transient, although treated as a quasi-
static load for structural dimensioning.
The Vulcain main engine and boosters 
vibrations, turbulent mixing of exhaust jet with 
atmosphere.
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2. The acoustic load case in spacecraft structural analysis and testing 2/5

Ignition and lift-off: blast waves excite lateral vibrations, mainly between 5 and 10 Hz. 
These are transient, although treated as a quasi-static load for structural dimensioning.
The Vulcain main engine and boosters vibrations, turbulent mixing of exhaust jet with 
atmosphere.

Transonic flight: Turbulent boundary layer noise is generated and buffeting in the
vehicle aft excites the nozzle pendulum mode at 10 Hz.

Effect of the fairing: internal cavity modes, noise reduction by absorbing materials and 
Helmholtz ressonators.

Effect of payload: increase of SPL in LF due to new cavity modes and radiation.
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2. The acoustic load case in spacecraft structural analysis and testing 3/5

Acoustic Test Specification by the launch authority:
Random pressure, stationary and ergodic diffuse field 

Ariane 5 acoustic test specification. P0 = 2·10-5 Pa.
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2. The acoustic load case in spacecraft 
structural analysis and testing 4/5

Study carried out by EADS CASA (ES)
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2. The acoustic load case in spacecraft structural analysis and testing 5/5
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3. Structural and acoustic analysis 1/5

Structural-Acoustic Coupling:
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3. Structural and acoustic analysis 2/5

Structural-Acoustic Coupled Equations:

( ) 022 =+∇ Pk   

 
02

⎪
⎪
⎭

⎪⎪
⎬

⎫

∂
∂

=

=+
∂

∂

l

k
ijklij

is
j

ij

x
wC

w
x

σ

ωρ
σ

, 

 
0

02

⎪⎭

⎪
⎬
⎫

=+

=−
∂
∂

ijij

iif

Pnn

nw
n
P

σ

ωρ , 

0jlim =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

∂
∂

∞→
kP

r
Pr

r
. 

Structural analysis:
- Finite Element Method
Acoustic Analysis:
- Uncoupled (FEM,JAA,rigid BEM/FEM)
- Coupled (BEM/FEM, FEM/FEM)
- Statistical Energy Analysis
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3. Structural and acoustic analysis 3/5 (Exterior Problems)

Coupled BEM/FEM Principles:
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Diffuse Field Simulation based on superposition of
uncorrelated plane waves

Fluid Model: BEM
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FEM

Diffuse Field
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3. Structural and acoustic analysis 4/5 (Exterior Problems)
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individual plane waves of unit amplitude
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3. Structural and acoustic analysis 5/5 (Exterior Problems)

Coupled BEM/FEM Principles:

BEM mesh less refined than FEM mesh

Only acoustically blocking interfaces meshed 
with BEM

Fluid Model: BEM

Structural
Model:
FEM

Diffuse Field
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4. Particular modeling topics

Solar Array Stack under Acoustic Excitation

• Study carried out by Dutch Space (NL) and Metravib RDS 
(F) under ESA contract

• Mechanical tests: 
– Modal survey test in air and helium
– Sine test (shaker)
– Acoustic plane wave test
– Acoustic noise test

• Effects of the air on the dynamic response modeled by a 
boundary element approach (particular difficulty: thin air 
gaps in between the individual panels of the wing)

• Extensive test-analysis correlation and model updating 
activities (responses evaluated in terms of structural 
accelerations, stresses, acoustic pressures in the inter panel 
gaps and the surrounding fluid)
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5. Application Examples 1/6: Composite circular plate



9,10/10/2003 FENet Workshop 2003 G. Rodrigues / J. Santiago-Prowald / A.Calvi / T. Henriksen 15

ESTEC Structures Section, TOS-MCS

5. Application Examples 2/6: Composite circular plate
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5. Application Examples 3/6: Composite circular plate
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5. Application Examples 4/6: Composite circular plate
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5. Application Examples 5/6: ARTEMIS antenna reflector

N28N72

N85

N136
N199

N249

N324 N432

N486 N487

N662
N667

N803
N809

Analysis Test freq. and damping Mode shape

f1= 18.5 Hz f1= 18.9 Hz,  0.18% Equivalent to mode (2,0) antisymmetric

f2= 36.3 Hz f2= 33.1 Hz,  0.27% Equivalent to mode (2,0) symmetric, but 
distorted enhancing tip and cut-out bending

f3= 58.6 Hz f3= 54.8 Hz,  0.29% Equivalent to mode (3,0) symmetric, but 
distorted enhancing ADM dish zone bending

f4= 59.3 Hz f4= 57.5 Hz,  0.27% Equivalent to mode (3,0) antisymmetric
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5. Application Examples 6/6: ARTEMIS antenna reflector
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6. Conclusions

The purpose of Vibroacoustic simulation in space activities is the 
qualification of space structures and the acceptance for flight :

Tests in Reverberant Chambers.
Simulation with BEM and FEM

Current Limitations:
Representativity of specified environment with respect to real launch 
environment.
Assumption of linearity, stationarity, ergodicity and diffuse field.
Limitations of reverberant chambers: eigenmodes and sound generation and 
control.


