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Acoustic Material
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Contexte Strategies Method Simulations Experimental set up Diffuse field

Targeted characteristics

Research Application
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Surface impedance of a melamine . . .
foam on a rigid backing Absorption coefficient of a melamine
foam on a rigid backing.
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Contexte Strategies Method Simulations Experimental set up Diffuse field

Standardized characterization methods

Reverberant chamber (GAUS). Impedance tube (©CTTM).
Limites Limites
* Errors in low frequencies, * Small samples,
* Repeatability errors. * Normal incidence.
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Historic strategies

axe z

N .
~ |

. |
+_Plane wave

Y
¢'HL :

| Nepl

~- \

The microphonic doublet technique is used from the ratio H = Z—; :

R— 7, &« (1)
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Strategies

Microphone array [4] Loudspeaker array [5]
Spherical
array p

Source
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Strategies

Microphone array [4] Loudspeaker array [5]
Spherical ®  Microphones
array d) ® Sources

Source
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Contexte Strategies Method

Strategies

Microphone array [4]

Pro
* High SNR,
* MEMS are cheap.

Cons
* Calibration process,

* Deal the problem as a
consequence,

e Low frequency perturbations,
* Near field effects.
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Loudspeaker array [5]

Pro
e High SNR,
* Deal the problem at the cause.
* Plane wave generation

Cons
e Set up can be cumbersome,
» Calibration process,
* Low frequency perturbations,
* Possible invasive set-up.
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Inverse problem (1)

The pressure measured by the microphone m from the speaker [ is defined by :

where g,.,(f) is the transfer function between the microphone m and the speaker
I. In matrix form :

P=Gu (3)
with :

P= [pl(f)aPQ(f)7apM(f)]T (4)

g (f) - 91L(f)}
G- | o (5)

D (f) o g (f)
u = [ug (f), ug(f), s ug ()] (6)
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Inverse problem (2)

For any incidence, the target pressure field is noted :
Pe = [Pi1:Peos s Pendl” — eI (7)
We are looking for the weights u,,,, :
min [Py — Gu[> . (8)
An approximate solution can be obtained by the least squares method :

Ugpt = [GMG + M| ' GHP, (9)
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Content

Simulations
m Sound pressure fields
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Strategies

® Microphones

® Sources

Figure - Example system configuration : 49 sources, a = 80 cm and 81 microphones, b =
40 cm, h=60 cm
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Contexte Strategies Method Simulations

Simulation : sound field synthesis (SFS)

Target R(d)

®  Microphones
®  Sources

Slmulated R(y)
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Parametric study

. b : the size of the target area

¢,, : the incidence of the plane wave

a : the size of the hp antenna

4. h : the height of the hp plane - microphones
5. the number of hp

6. the number of microphones

7. X : the regularization parameter

w N =
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Parametric study

. b : the size of the target area
. ¢, : the incidence of the plane wave
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Parametric study
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Figure - Error ¢ and average amplitude
of the sources by varying b. a = 100 cm,
0, =45°, ¢,, =10°, A =107
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Parametric study
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Figure - Error ¢ and average amplitude
of the sources by varying b. a = 100 cm,
0, =45°, ¢,, =10°, A =107
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Parametric study
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Figure - Error ¢ and average amplitude
of the sources by varying b. a = 100 cm,
0, =45°, ¢,, =10°, A =107
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Parametric study
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Figure - Error e and average amplitude Figure - Error e and average amplitude
of the sources by varying b. a = 100 cm, of the sources by varying the incidence.
0, =45, ¢, =10, A =10"° a =100 cm, b =40 cm, 0, = 45°,
A=1x10"°
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Contexte Strategies Method

Simulations Experimental set up Diffuse field
SFS : simulation sum up
Good stuff
1. The field is accurately reproduced over a range of frequency (here : 50 -
3000 Hz)

2. One can easily dimension the system by using as a criterion the error of the
reproduced field.

Bad stuff

1. The high cut off frequency decreases with the angle of incidence.
2. A bad choice of dimensions implies a high effort of the array.
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Content

Simulations

m Modeling the porous material
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Simulation of porous material

1. Johnson — Champoux — Allard (JCA) Model [1]:
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Simulation of porous material
1. Johnson — Champoux — Allard (JCA) Model [1]:

sigma | 10000 [N.s.m~*] Resistivity
h, 0.05 [m] Material thickness
1) 0.93 Porosity
A 60 [xm] Viscous length
A 100 [pm] Thermal length
oy 1.1 Tortuosity

Table - JCA model parameters of a melamine foam characterized by CTTM
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Simulation of porous material

1.
sigma | 10000 [N.s.m~*] Resistivity
h, 0.05 [m] Material thickness
1) 0.93 Porosity
A 60 [xm] Viscous length
A 100 [um] Thermal length
o 1.1 Tortuosity

Table - JCA model parameters of a melamine foam characterized by CTTM

2. The sound field of a monopole source above a layer of porous material is
calculated by the formulation proposed by Allard et al. [2] :

p(r,z) = - kJy(kr) dE, (10)

e~ thoRy e~ ko Ry /OC 2pmefuo(zs+zr)
Rl RZ 0

pvy + povy tanh v d
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Method

Simulations

Measurement with a microphone pair
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The microphonic doublet technique is used from the ratio H = % :

H — ejk’()za cos ¢WL

T eik0za COS Gy ]
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Measurement simulation with noise

25 - Absorption o
— ¢=0° —— Expected /
— p=45 === T™T
EN { -1
% N °
\ ‘\
] ,‘ R 102
w
— $=0°" —— Expected 1073
104 —— ¢=45° === TMT
N | — ¢=65
= 51 F107¢
o] .
T T T T 10-°
10? 10° 102 10°
Frequency, Hz Frequency, Hz
Figure - Normalized surface impedance Figure - Absorption coefficient a ,px
z, a=105cm, b =40 cm, 0, = 45°, a=105cm, b=40cm, 0, =45,
A=1x107". A=1x105,d=2cm, z, =0.5cm
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Sum up of the simulations

Good stuff

1. Measurement of acoustic parameters at multiple incidences over a wide
frequency range that can be adjusted is possible,

2. Confidence criterion related to the error of the predicted field is established.

Bad stuff
1. The confidence criterion is a prerequisite, not a certainty,
2. Noisy measures are degrade in LF.
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Experimental set up
Physical source array Virtual source array
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Experimental set up

Physical source array

Pros

1. Very fast measurement : 30s for
an elevation, 20 min for a full
measurement.

Cons
1. Slow calibration
2. Invasive set-up

Simulations Experimental set up Diffuse field
Virtual source array
Pros
1. Fast calibration (microphone pair
only)
Cons

1. Slow measurement (40 min-2 h)
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Simulations Experimental set up Diffuse field
Experimental Results (1)
1o — ¢=0' ,
100 — .
104 Estimated JCA 1 o
—— Imp Tube 45 mm 0.8
—— Imp Tube 100 mm 101 1
0.8 — TMT, d=30 mm |
0.6
0.6 F1072 s ?I
.
s s 0.4}
i} 1
0.4 1% L1032 ¥ h
[l
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0.2 "o
-4 VR 2L\
10 —C ;
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10-° T
102 10° 10?

10°
Frequency, Hz

Frequency, Hz

Figure - o, ¢,, = 0°. a =105 cm, b = 60 cm,
A, ~66cm,0=0,z =05cm,
d=15CcM. ¢y : A=10"7, €., : A= 0.

Figure - Mean absorption coefficient «,
with a =105 cm, b =33 cm, A, ~ 6.6 cm,
A=10"Y 2, =05cm, d=3cm.
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Experimental Results (2)
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Figure - z,, ¢,, = 0°. a = 105 cm,
b=60cm, A, ~6.6cm, =0,
2, =05cm,d=15cm. ¢, : A=10",
emeas : )\ = O
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Figure - Mean normalized surface
impedance z, (b), with a =105 cm,
b=33cm, A, ~6.6cm, A=10"7,
z, =0.5cm,d=3cm.
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Diffuse field : theoretical Paris formula

f¢’1m )sin2¢ de
j(‘)d’“m sin2¢d¢ .

ad—
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Diffuse field : theoretical Paris formula
f‘b“m )sin2¢do

fo‘f’“m sin2¢ d¢

Qg =

10 0.30
— aRef eval gim
Error
0.8 0.8 0.25
0.20
0.6 1 0.6
- é 0.15
g
0.4 0.4
0.10
0.27’// 02
0.05
0.0+ T 00+ Eaae
102 10° 102 103
Frequency, Hz Frequency, Hz
Figure - Theoretical absorption Figure - Diffuse absorption coefficient
coefficient a(¢) of a polyurethane foam.
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Diffuse field : measure with the virtual source array)

10T =% T 10
101
0.8
06 1072 ¢
g 9
0.4 103 =
0.2 ' : chFAS -
0.0 L + ':‘m room
=l ‘ 10-°
10° 10? 10°
Frequency, Hz Frequency, Hz
Figure - Absorption coefficient a(¢) of a Figure - Diffuse absorption coefficient of
polyurethane foam. a glass wool material.
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Contexte Strategies Method

Conclusion

Simulations Experimental set up Diffuse field

Pros

Angle dependant absorption coefficient (150 Hz - 3 to 5 kHz).
Diffuse field absorption coefficient (150 Hz - 3 kHz).

Fairly cheap setup (Virtual source array).

Fast measurement (Physical source array).

Small samples (150 cm x 150 cm).

Limits
Edge effect and room effects (LF).

Speaker directivity and diffraction (HF).
Slow measurement (Virtual array).
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Contexte Strategies Method Simulations Experimental set up Diffuse field

Conclusion

Under study
Extending the bandwidth.
Mitigating the edge and room effects.
Reducing the size of the sample (limit around 150 cm in the slide).
In situ studies.
True diffuse field implementation.
Obtain acoustic parameters of the material (p. ;s K. ;¢).
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Thank you for your attention!
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Material size effect

10°
— 150 x 150 cm
09— 100 x 100 cm
50 x 50 cm
F107!
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Figure - Theoretical (JCA) versus measured (SFS) diffuse field absorption coefficient «, of
material PU1 with ¢,,,, = 88° and A = 10-5. Measurements have been performed for 3
different material sizes.
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Integration average effect

1.0 4
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Figure - Theoretical (JCA) versus measured (SFS) diffuse field absorption coefficient «,, 1D
and 2D.
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Diffuse field : measure with the virtual vs physical array

1o 10— e=0' L )
0.8
0.6
8 s
0.4
0.2
— JCA : — JcA
0.0 —== TMT,d=30mm " 0.0 ——- TMT, d=30 mm
1o " - -
Frequency, Hz Frequency, Hz
Figure - Absorption coefficient a(¢) of a Figure - Diffuse absorption coefficient of
polyurethane foam (Physical Array). a glass wool material (Virtual Array).
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