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HARMAN
INTRODUCTION

cope:

To develop the Comsol App based on the fully parametric geometry models to study the Acoustic behavior of a
Loudspeaker.

The BIW enclosure configurations are divided into 2 types
1. Single Beam enclosure configurations

2. Multi Beam enclosure configurations

Input:

BIW Enclosure and speaker geometry and design parameters.
Deliverables:
I SPL at 1m on-axis

II.  Cone displacement

lll.  Impedance curve

IV. SPL distribution inside the enclosure BIW frame

V. Simulation Report
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HARMAN
MODEL DETAILS

The location of Single / Multi beam enclosure in BIW frame

Multi Beam Enclosure
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HARMAN

MODEL DETAILS

The Single beam enclosure coupled with speaker in the middle

"y

Left side Frame ! Right side Frame

2000 mm
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HARMAN
MODEL DETAILS

The Multi beam enclosure coupled with coupling slots (openings) between beams

Coupling slots
Volume_2(VOL_2)

Volume_3(VOL_3) Volume_1(VOL_1)

Volume _4(VOL_4)
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HARMAN

MULTI-BEAM CONFIGURATIONS

o o

B 1st, 2nd and 4th Beam volumes
coupled

(VOL_1+VOL 2+VOL 4)

| - Beam Length =2m

y

V(G
=

1st, 2nd and 3rd Beam volumes

_ i B 1st, 3rd and 4th Beam volumes
coupled Coupled
___I

(VOL_1+VOL_2+VOL_3) | \ (VOL_1+VOL_3+VOL 4)
Beam Length =2m | | . Beam Length = 2m

HARMAN International. Confidential. Copyright 2015 L




VERIFICATION HARMAN

MODAL ANALYSIS OF BIW FULL FRAME

Simulation results of Modal analysis of enclosure | Standing waves in Closed/Closed end

frame

SPL plot forlst Eigen Frequency at 85.801 Hz £ pressure

Minimum L — = 344/4 =86.00 Hz

Here, A = 21

nd Ej ?\/ —
SPL plot for 2"¢ Eigen Frequency at 171.6Hz = -~ m\{"} e o]
i ! }__f \__/ — =172.0 Hz
Maximum HereA=1
Where c= speed of air
=344 m/s
| = length of
frame
=2m

» Considered only the Longitudinal modes because the frame > The first standing wave/mode creates pressure anti-node at
Length is much larger than width/height of frame. the closed ends as shown in the above image.
» When the Speaker is at middle so the first mode will not be
excited and second mode only will be excited at 171.6 HZ.
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VERIFICATION HARMAN

SPL AND DISPLACEMENT PLOTS

SPL and Displacement plots of the speaker for Single Beam enclosure with
speaker integrated at different locations
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VERIFICATION HARMAN
IMPEDANCE PLOTS

Impedance plots for Single Beam enclosure with different lengths

Decreasing Overall Frame Length
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HARMAN
COMSOL APPLICATION GUI

Geometry creation and Pressure acoustic simulation with Comsol App

BIW Integration Study App. (=8 ~=~

L. VERSIDMS

BIW Geometry Speaker Parameters Solver Settings M Virtual WORKS 51
Beam Length 2000 mm s 407 FMin 2 H
. ¢ - 1.2. USER

Spesker Pasition [ mm | VA s 610 Nm FMac 200 e : =t B

\ - MambBati
LeftBeam Length 1000 mm | Createceom | Bl 10353 WA FStep 5 Hz
RightBeam Length 1000 mm Mmd 29.505 g 1.3, COPAMEMT

Plot Pressure Distribution
Beam Width 100 mm Coil Thickness 08 mm enclosung integrated Speaker &t Cepber and Couwphng Sioqs 81 LAk of BEam
Beam Height 100 mm Coil Dia 0 mm Pressure Plots AtfFrequency bin) 20 - H )
LA SOLVER SETTIMNGS

BeamsType Multi ~ mm Coil Height 16 mm
CoupleBeams Couple_All Bean ~ DCR 742 ohm Hama Waluwe Undt
CouplingSlotType Double - Voltage 2724 v = wais ol
CouplingSlotLocation] 00 Membrane dia | 100 mm Compute W ke
CouplingSlotLocation2 400 mm sd 0.0072 mm2 BIW Integration Report -
Speaker Adaptor Geometry 1.5. GEOMITRY COMNFIGURATION PARAMEITIRS
SpeakerAdaptorLength 200 mm A
SpeakerAdaptorWidth 50 mm E’*_i Mama Walae Uinin
SpeakerAdaptorHeight | 220 lmm 50 o BT D

RAUNE s Trps
Geometry | SPL | Impedance | Displacement | Surface PressurePlot | .

m

QaARE v b le

Be ae

L& SPEANER PARAMETERS

Hams Wnit
solnsg e 2 f
Bé - Do Reniptencs P tham|

* Total solution time(including simulation report generation)
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RESULTS HARMAN

SPL AND DISPLACEMENT PLOTS

SPL and Displacement plots for Multi Beam enclosure

[ Geomelry | MeshMode! | SPL [Impedance | Displacernent [ Surface PressurePlot Geometry | MeshModel | SPL | Impedan(al Displacement | Surface PressurePlot
QaREMD E oe
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Impedance plots for Multi Beam enclosure

RESULTS
IMPEDANCE & SURFACE PRESSURE PLOTS

Geometry | MeshModel | SPL | Impedance | Displacement | Surface PressurePlot
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Surface pressure p

HARMAN

lot @ 85Hz

Geometry | MeshModel | SPL | Impedance | Displacement | Surface PressurePlot
aaAal LrrrzERHOD @6 @8

Surface: Sound pressure level (dB)
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HARMAN

SUMMARY

1. The BIW Comsol App predicted the acoustic behavior of loudspeaker for all configurations as expected.
2. This App is used to perform the preliminary study on the placement of speaker.

3. More detailed Pressure acoustic simulation would be performed for final optimum configuration which would be derived
from the BIW Comsol App.
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THANK YOU

FEA Disclaimer
Do not accept or reject a design based solely on the data presented in this report. Every effort is undertaken to ensure the analysis represents the
real life scenario as much as possible. Certain factors cannot be accounted for such as temperature, casting / moulding anomalies, polymer
fibre orientation and metal drawing inconsistencies. Evaluate designs by considering this information in conjunction with experimental test data
and the practical experience of the Design Engineers. A quality approach to engineering design usually mandates final testing as the means of
validating the structural integrity of any product
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