AES 126" Loudspeaker FEA/BEM - Workshop
Panelist: Peter Larsen LOUDSOFT
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Invited Participant Companies;

S
LOUDSOFT loudsoft.com - Peter Larsen S
R and D Team randteam.de - Joerg Panzer
Pafec vibroacoustics.co.uk - Patrick Macey
CAPA Wisoft.de - Hermann Landes
Klippel klippel.net - Wolfgang Klippel
Tymphany Tymphany.com — Richard Little

Loudspeaker FE/BE Modeling Workshop:

This workshop will explore FE/BE modeling of loudspeaker drivers. A case study of an existing loudspeaker driver will be
modelled by each panellistto benchmark the capabilities of their modeling software package. A loudspeaker driver
dimensions and material properties will be provided to panellists in.advance of the convention so that they may develop a
thorough model for presentation at the workshop. Results will be discussed along with measurement analysis of the real
loudspeaker driver.
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4)) | FINELab™QC

Loudspeaker/Transducer Production Test system

TR* FINEMotor™
‘ Magnet System & Voice Coil Design Program

FINEMotor™ 2008

FINECone™

Acoustic Finite Element Dome/Cone Simulation

FINEBox™
Non-Linear High Power Box Design Program

More than 500 software licenses worldwide

CONSULTING - Peter Larsen @

Speaker design for customers using software and experience

. S \ W o
° Frem 1P afTum £
FINE X-over™ AT
X-over Design Program
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AES 126" lLoudspeaker FEA/IBEM Workshop
FINEMotor simulated TS parameters versus measured

(Klippel)

Measurement in Vacuum

In air In vacuum

T5 FParameters

Sensitivity (2.83V/1.00m) [sPL |  79.72[d8 |
Electtical Parameters Electrical Paramabers VC Resistance DCR Ohms L
= 713 Chm R F.04 bim 181.00 FINEMotor Prediction
L 0.048 mH La 0.048 mH - = : = ﬂf TS F'EII'EImEtEI'S
Lz 0181 wH Lz ISC IR (B Vechanical  fams | 400 |
R2 L84 Chon R2 1.9 Ll W |Electrical Qe | 127 |
Crres g2z uF Cres RO Total ____ jats ] 096] | RSN
Lees o ™ Lces oo prl |Equivalent air vol vas |  035]1 |
Res 21.14 Chm Res 16,93 Jhm — - : Flux Contour wframe Bn500.t
" Aol | B o

Moving Maszs(incl. air)
Me=chanicd Parameteors Mecharical Paramztors Force Factor
e i ’ Eff. diaphragm area 15.
s L2 9 - S| T xcurson=- [Xmin | 087[mm
T L, | A o L n p) | epn e o)
R 0,332 kgls 0,399 ks
Crrs 0767 M 0.815 o _ _ Bg=0.8147T
Klrns mm 1.23 mm The predicted BL is really Elat=n
B (2649 A 2,600 A ' Bt=1.3174T
Lambdn 5 s o4 close to the Klipper Laser

measurement
Loss fackors Loss Fackars
i 0,937 Ckp 0,554
s 3,887 s z.902
s LAt Des 1.707
s 0,931 ks 0,653
vas pa43 1 o ) vas nese |
< ¥ < >

Klippel, Loudspeaker Analysis, Workshop AES 2009, 5 -
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FINEMotor simulated BL(x) versus measured (Klippel)

Dominant Nonlinearities: Bl(x)

Measured by using the LS| module Fl NEMOtor BL(X) Ca|CU|at|0n
— Force factor BI (X) =T
-MEiat < A = aio —
|
|
: 50 %
. :
~ I
I '
" Voice coil height
:
|
Gap depth
et
e e Predicted by FINEMotor:
XBI=1.3 mm @ Blmin=82 % (10 % :
. S S XBL @ 82% BLmin =1_35mm.
mtermodulgtmn distortion in SPL, The shape and symmetry of the BL(x)
mainly 3rd-order) curve is extremely close to that measured
by Klippel
Klippel, Loudspeaker Analysis, Workshop AES 2005, 13 4
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== FINEMotor™

FINEMotor™ 2008

. Instant TS parameters

Ext+U-cut i R

- Non-linear BL(x) curves

Ext+U-cut |

|EX3|
e - . Flux profile with VC Offset A
[

i

-t . Ferrofluid simulation

Standard

| . «  Thermal compression model

Mechanical Parameters

layes o | 2 | |
(WireMaterial | |  Copper| |
WireType | |  Round|] |
(Mumberof Windings [N |  13367] |
| 2663 [mm |
| 3457]g |
Streteh [ ] = 400% |

Acoustic Components
27 ——+

0 Paramete IS

Sensitivity (2. [sPL |  8795[aB |
IE-
Resonance  [Fs |  3843[Hz |
Mﬁlﬂ_—
Electrical  loes | — 0as5] |
Motal  lote |  043] |
[Equivalentairvol.  [Vas |  3935[1 |
[Moving Mass(incl.air) _ [Mms | — 11.16Jqg |
C El-
hragm area

5._u mm

Flux Frofile

| Dffget-0.11mm I

Main Magnet 1 Y25 890
Shielding Magnet: Y25 - @84
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AES 126" L.oudspeaker FEAIBEM Workshop
FINECone FEA versus measured response
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Sound Pressure Response
Baffle 1 m 1W

T

(Tymphany measurement)

Flat SPL response up to 10 kHz
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" AES 126th Workshop: 2in Tymphany 0/30/60deg
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AES 126" lLoudspeaker FEA/IBEM Workshop
Influence of Initial and Final FEA Material Parameters

AES 126th Workshop: 2in Tymphany 0/30/60deg
dB SPL
100
95
Initial response based on
0 defjultiand guessed
materjal parametefs _| /\
85 1 // A
80 = 1 =11
™~
The main difference was N
75 . 5
caused by |atoo/low Young's N /
20 /1| module (Stiffness), which N
/ shifted the peaks to a lower \I
65 frequency. V
60 CONCLUS|ON:
/ Fit the model|to a measured
55 / driver both reganding SPL land
/” impedance
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FEA Cone Damping

AES 2" - Medium___ /Low Cone Damping

dB SPL
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FEA Cone Young’s Modulus

AES 2" - Medium___ /High Cone E modulus

dB SPL Red curve: High Cone Emodulus
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FEA Impedance Simulation

Input Impedance Zin Guess___/linear Re

|Zin] Ohm

50.0
40.0
2" - Impedance Guess___ / Imp=Re
30.0 \
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AES 126" lLoudspeaker FEA/IBEM Workshop
FEA cone Displacements

coTmeerT AES 2in - displacement @ 4018 Hz

y, mm
35.00

20.00

\ /|
A AN

AES 2in Tymphany - displacement @ 12272 Hz

5.00

-10.00
-30.00 -15.00 0.00 15.00
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AES 126" L.oudspeaker FEAIBEM Workshop
FEA Directivity and Dispersion
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Directivity of 2in Tymphany Fullrange

Workshop: 2in Tymphany 0-90deg
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AES 126" L.oudspeaker FEAIBEM Workshop
Lumped Parameters to/from FEA

Acoustic Components
Effective Area Sd 15.33 |=q.cm
Effective Diameter D 442 |cm 15. SEArea
Fixed Mass Mms-hivc 0.90 |g > 142 r
Specify Gms ams 4.00 ST
Estimate Qms (from VC Former miat.) - a E
Specify Fs Fs Hz 19.32
Use calculated Fs v a7.80 |Hz —=20.05 Lu m ped Elem ents
Cone+3urround Resonance Fa 62.57 |Hz Lumped parameters W
Surround Compliance (Approx.) Cms(sur) 7.19 | mmiM ] ] ] .l eXtraCted frO m
: Former Voice coil Spider Whizzer
Spider Load 283 g -
Spider Resonance (oaded, dyn.) | Fsp 50.00 |Hz Genesl | Daphmgm | Suround | Dutcap | FINECone FEA
Spider Deflection  (loaded, static) 0.10 | mm a = IW N a Airmass: |0.026520 g m O d el
Spider Compliance 3.58 | mmiM i '
Spider Flexibility  (German Std) 17.90 |Fdz Rs:  |0.620760 Mm/s =4 5d: 13 000000 o
Discard any edits to these parameters Mfr. [22657176 H: | Lumped parameters
g Qms |3.060000 General ] Diaphragm ] Sumound ] Dust cap ]
. d Former ] Voice coi Spider Whizzer ]
Spider Resonance defined s [0 g | |
I n FI N E M Oto r §3 Imported from FINEMotor (T Mass. g 0.255850 From Finite element ...
Mass factor ’W -
OK | Annu Compliance, mm/N | 3577546 =

Resistance, Nm/s 0210640 °

ltems marked with ~ are optional for this component

0K | Annuller Hjzelp
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|Zin| Ohm

30.0

24.0

18.0

12.0

6.0

0.0

Input Impedance Zin

FINECone™

Acoustic Finite Element Modelling:

Very Fast Calculation < 12 sec (100 points)
Axi-Symmetric modes most important
Simple 2D input geometry (DXF)
Built-in Material Database (+ Kurt Miller)
Extracted Lumped TS parameters

Low Cost FEA Software

>

20

50

100 200 500 1K 2K 5K

FEA of 6" Woofer 0/30/60 deg
dB. SPL Pink Curve s measured response
o | —r—r—---’ﬁ;:—_.______.‘_v ¢ _I'-—T\T “\A-
Material Editor P, A ANA \
N
AL |

List of mateials in database '\\ N+
Description [ voungs | Densty [ Poisson [ Damping |~ b ]
Aluminium (honeye... 1.500e+010  550.000 0.320 0.020
Alurinium (sheet] 7.600e+010  2700.000 0.230 0.008
Benyllium 2 B00e+011 1800 000 0.330 0.005 v
Bewtrene (pva D 1.900+003 1300000 0.330 0.0a0
Boran 3 800e+011 2400 000 0.330 0.005
Boronised titanium 2 600e+011 4200 000 0.330 ooin
Carhon fire comp... 1.000e+010 260,000 0.330 ooin
Chipboard 2 000e+003  £00.000 0.330 n.020 A
< >
Fropetties of active material

Description: |Eery\lium

Young's Modulus [E); 250000.000 MPa

Mass Density. 1800.000 kog/m2|

Foigson's number: 0.330000

Damnping [delta): 0.005000

| Delete | | 0K | Cancel ‘
U ] [ —]
10K 20K 20 50 100 200 500 1K 2K 5K 10K 20K
f, Hz f, Hz
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AES 126" Loudspeaker FEA/BEM - Workshop

FINECone Practical FEA Examples:

DMS0R-with rear chamber 0/30 deg

25mm Ring Radiator
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dB SP1L00 Pink curve is measured before change
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AES 126" L.oudspeaker FEAIBEM Workshop

1. Preciseinformation about E-Modulus, and damping of the cone,
surround and dust cap was not available for the initial study.

2. The previous slides illustrate the very large response variations that
are possible when the material parameters are unknown.

3. Consequently the 2nd FINECone/FEA lIteration was performed with
adjusted mechanical data using the measured Tymphany response as
reference

General FEA Conclusion of the Workshop:

The most productive FEA Simulation is done by using SPL response
and Impedance measurements as a reference to find the material
parameters
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AES 126" L.oudspeaker FEA/IBEM Workshop

LOUDSOFT Conclusions

Complete FINECone FEA is setup in few hours

*High resolution response solved in seconds

Simple 2D drawings as input

«Standard Windows PC (XP/Vista)

*FINECone: Problem Solving + Guide Development
«Save Development Time

«Save Tooling & Costs
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