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Identification of Acoustic Hot Spots in an Aircraft A / L
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- Problem:

Standing waves and reflections

IFEM approach: Inverse Finite Element Method

Overview:

1. Motivation

2.  Solution approach
3. 3D simulation
4. Experimental validation
. Cx
5. Conclusion & outlook i‘*f %

Motivation




Governing Equations éi&:?ﬁiﬁi
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_ 1 0°p
Wave Equation  |Ap-—5—7=0| P= p(X,Y,2,t)
Fourier Transform ﬁ(a)) = j p(t)e‘jwtdt

Helmholtz I
_ = = X, ,Z,a)
Equation AP+ c2 p=0 P=p(xy )

Weak Formulation

Finite Element
Formulation

Kp=vV

Solution Approach



Inverse Finite Element Method (IFEM) e / /
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Kp=v
_Kl Kz Ks_ _pMK ] _VMK_ _Kz Ks 0 ] _pTU ] __Klpl\/lK ]
K, Ks KG Pro |=| Vi | = Ks Ke 0 Peu [= —K4Puk
_K7 Ks Kg_ _pBU | _VBU | _Ks Kg 'E_ _VBU | __K7p|v||< |
K, K,|[p: Vi — K, Py ill-conditioned
Ko KgllPa | | Vi =K, Pux over-determined for n,, > ng
=> Regularization:
Py - Tikhonov
_ - Conjugated Gradients (CG)
K., K, -E =1-K
[Ka K ] Pau | =17 Pu - Truncated Singular Value
Veu Decompostion (TSVD)
Sachau, D.; Drenckhan, J.: Sound source localization in cabins by Q,Cx,r
inverse finite element analysis, DAGA’'06, Braunschweig .:\r( "\'?_'

Solution Approach



COMSOL / MATLAB Interaction AL
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A) Simulated Data:

FE del Stiffness matrix K
mode »|  Partitioning
Inner Node indices Inverse
sub-domain calculation

v

‘ Generation of

Source: right-side vector
normal acc. BC

V

‘ Forward

Pressure

calculation

Solution Approach



COMSOL / MATLAB Interaction

B) Measured Data:

FE model

Stiffness matrix K

EarrA%a
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v

Inner
sub-domain

Complex sound
pressure

Measurement pos.

Node indices

Node
coordinates

Partitioning

Inverse
calculation

Generation of
right-side vector

1

coordinates

MEASUREMENT

Interpolation

Solution Approach



3D Simulation with Artificial Measurement Noise //(/[/
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_ 5% noise,
Forward calculation inverse calculation,

TSVD regularization
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3D Simulation



Mapping of a Long Range Airliner Cross Section /// /
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Wideband noise excitation

- inner loudspeaker
00000000

measured cavity

- outer loudspeakers

foam wegdes

Microphone distance: 0.17m
« o » » 7172 positions Qbf Y

Experimental Validation



FE Model of the Cavity /’///
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1. Coarse Mesh 2. Fine Mesh

Total nodes: 27,000 Total nodes: 68,000

Inner sub-domain: 9,900 Inner sub-domain: 31,000 <Cx

Boundary: 8,700 Boundary: 12,500 %‘c ~7
'\

Experimental Validation




Exemplary Comparison of Model and Mapping
(f = 293Hz)

Experimental Validation

Simulated sound pressure from source with normal
acceleration BC

5 10 14 20 25

Measured sound pressure from excitation with
internal loudspeaker
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Inverse Calculation: Sound Pressure (Magnitude)
(Inner Loudspeaker, f = 90Hz)

Interpolated measurement values

Inverse calculation with CG regularization
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Experimental Validation
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Inverse Calculation: Normal Acceleration (Magnitude) ‘K///-

(Inner Loudspeaker) A et

f = 90Hz, coarse mesh

max. element size: A/20 31 front* 0.1
0.0a

' 0.06

abs(na); U_cgls_ncp I 0.04

Experimental Validation
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Inverse Calculation: Normal Acceleration (Magnitude) ‘K///-

f = 90Hz, fine mesh

max. element size: A/30 3r front*

absina): U_cogls_ncp

Experimental Validation
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Inverse Calculation: Normal Acceleration (Magnitude) “K///-
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f = 200Hz, coarse mesh

max. element size: /9 3 front" 0.05
abs(na): U _cgls_Ic _ i ﬂ

Experimental Validation
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Inverse Calculation: Normal Acceleration (Magnitude) 44///-
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f = 200Hz, fine mesh

max. element size: A/13 ar front

ahsina): U_cals_Ic

Experimental Validation



Conclusion M
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« The primary source and possible other sources and sinks
could be identified.

« The absorbing quality of the foam wedges was confirmed for
high frequencies.

Obviously there is an optimal mesh density dependent on the
frequency.

Next Steps

 determine optimal mesh density

e thin out measurement grid / narrow inner sub-domain
=> change determinedness of the equation system

 enforce nodes at measurement positions to minimize
interpolation error

Conclusion & Outlook
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Validation of the FE Model W
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Model convergence: - calculate some eigenfrequencies around 200Hz o
- increase number of DOF and re-calculate

- repeat until eigenfrequencies vary < 0.1% (identification via MAC)

w10 Eigenfrequencies for finest mesh
10r (120358 DOF):
32084
3 1. 194.31 Hz
2.198.91 Hz
ar 3. 200.56 Hz
4. 201.69 Hz
7F 5. 202.20 Hz
" 6. 202.71 Hz
Qb 7. 203.01 Hz
0 8. 203.34 Hz

5 |-
4
3 .........................
S AT
R
1 0 01 D_Iz D_I3 D_Ia D_Is D.IE D_I?
percentage of variance
C
~70 000 DOF equals A/9 for f,,, = 300Hz i‘% {7'-7

Experimental Validation



Mapping: Slice Plots, Sound Pressure (Magnitude), f = 90Hz /// 4

Front view:
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Mapping: Slice Plots, Sound Pressure (Magnitude), f = 200Hz
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