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Who We Are?

iCapture provides consulting, technology implementation
and training in the field of multiphysics:

e Electromagnetic
e Vibroacoustic &
e Structural Dynamic
product development & simulations.

Since 2011 iCapture is a
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Simulation Objective

* Pressure (and impedance) frequency response

Frequency Response Curve
(Fully Coupled Vibroacoustic 2D-model incl. Motor Impedance - Voltage Drive: 0.36 Vrms)
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Simulation Procedures

: “Microphone”
e Conventional model location
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Simulation Procedures
e Near-to-far-field transformation in COMSOL

E}G(r ]dS

C(P)p(P) = [[rpwv (0G(r

e P indicates an observation point.
* () is a point on the closed surface S

C(P)is the spatial angle in the

measurement point. here 4z
P 1s the density of the medium

v, (Q) is the normal velocity in point

O with the normal denoted 7. and

the full space Green’s function 1s defined:
_!-'h

Gr)=S

. Where

}.‘
1 is the distance between points P and

0.
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Simulation Procedures
e Near-to-far-field transformation in COMSOL

C(P)p(P) = J’[ IG(r )]ds

\ “Microphone”
/ location, P
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Simulation Procedures
e Rayleigh integral via FEA2SCN and Klippel Scanner

Assumption: p(P) = Izpa)vn(Q) G(\dS
Flat geometry in baffle g 27

m==) FEA2SCN
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Loudspeaker Cases

Totally Flat 6” Convex Cone 6” Concave Dome 3”
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Results

o Totally Flat 6"
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Flat Driver - Sound Pressure Level

110

=
o
o

90

80

70

Sound Pressure Level [dB SPL]

60

10 100 1000 10000
Frequency [Hz]

—Vibroacoustic (0.5m air)

Vibroacoustic (0.08m air) using PFAR
------- Vibroacoustic (0.5m air) using Rayleigh
---Structural only (no air) using Rayleigh
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Results

Flat Driver - Differences

1

o Totally Flat 6"

Sound Pressure Level [dB SPL]
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—PFAR inaccuracy

------- Rayleigh geometric topology inaccuracy

------ Rayleigh mass of air loading inaccuracy

—Rayleigh total (geometry and mass of air) inacurracy
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Results

e Concave Cone 6”
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Cone Driver - Sound Pressure Level

AR EARE™
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—Vibroacoustic (0.5m air)

Vibroacoustic (0.08m air) using PFAR
------ Vibroacoustic (0.5m air) using Rayleigh
---Structural only (no air) using Rayleigh



Results

e Concave Cone 6”
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Cone Driver - Differences
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—PFAR inaccuracy

——————— Rayleigh geometric topology inaccuracy

------ Rayleigh mass of air loading inaccuracy

—Rayleigh total (geometry and mass of air) inacurracy
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Dome Driver - Sound Pressure Level
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Results

e Convex Dome 6”
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Dome Driver - Differences
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—PFAR inaccuracy

——————— Rayleigh geometric topology inaccuracy

------ Rayleigh mass of air loading inaccuracy

—Rayleigh total (geometry and mass of air) inacurracy



Results
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FEA FEA2SCN Memory
Simulation DOFs time time
[s] [s] [GB]
Flat -
Full VA 133 680",3 If?i‘?}/, 36 1.2
(0.5m air) '0 e
Flat
5475
VA+PFAR ‘j“g'(;;o 31 32;5 , - 0.80
(0.08m air) e i
Flat
Rayleigh 4; ‘908,8 2122 , 36 0.75
(no air) o e
Fl‘fl‘l"{fA 211916 | 434 - '
(0.5m ain) 100% | 100%
Cone
VA+PFAR 7;‘3;]01/8 31; ,}/ - 0.83
(0.08m air) Ve e
Cone
Rayleigh 52;01/4 ;;g 37 0.84
(no air) i e
Dome 246,800 | 635
(g‘;lglvai) 100% | 100% 18 L8
Dome
VA+PFAR ! (32;3/1 - 312; - 1.4
(0.08m air) ? ?
Dome
. 98.002 306
Rayl y 18 1.3
(f;i ng)h 40% 48%

Table 1 Simulation statistics for 133 frequencies
solved with 8 cores 3.9GHz Xeon processors having
1333MHz RAM modules (index numbers 1n 1talic)
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Conclusion

It is possible to do reduced vibroacoustic models via both
the near-to-far-field transformation and the Rayleigh
integral methods reducing the calculation time by 50-70
% (for 3D the reduction is up to 75-85 % via FEA2SCN).

With the near-to-far-field method accurate results are
obtained for all loudspeaker cases.

With the Rayleigh integral method accurate results are
obtained for the flat loudspeaker case. For the convex
cone and the concave dome speaker cases the results
deviate £5.0 dB due to the curved (non-flat) geometries.
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