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1. Overview

For a quick introduction to FINECone please refer to the demo video(s) where Peter Larsen
introduces the various feature of FINECone and takes you through a design example (6m47s):

https://youtu.be/nlaGb67RPwc

https://www.youtube.com/watch?v=EJ7rDMYzQUE

1.1 Geometry Modeler i / New

FINECone - Geometry Modeler (Adaptive)

Select Template Type
‘ 1. Curvilinear Cone Woofer ﬂ OK Cancel

Paramedric View

Scale View

82.46 Y
—>

\/tij]\/\v{%\/\/\/w

 —

3250

Figure 1 - Geometry Modeler

The Geometry Modeler (Tools/Geometry Modeler ﬁ) makes it much easier to create the
geometry for FINECone. From the drop-down menu at left in Figure 2 you simply select the
template type, which is closest to the speaker geometry you want to simulate.

FINECone - Geometry Modeler (Adaptive)

Select Template Type

&, Concave Cone Woofer with Inverted Surround ﬂ

1. Curvilinear Cone Woofer

2. Curvilinear Cone Woofer with Inverted Surround

3. Cone Woaofer with Whizzer

4, Cone Woofer with Whizzer and Inverted Surround

5. Cone Woofer with Inverted Dustcap

6. Cone Woofer with Inverted Dustcap and Inverted Surround
7. Concave Cone Woofer

9. Dome Tweeter

10. Headphone-Micro Speaker

Figure 2 - Select Template from drop-down menu
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Figure 1 shows the Curvilinear Cone Woofer templatel, displaying the CAD file (DXF format) at
left. You can just change all the dimensions to fit your design in the window at right. You must
save your chosen geometry as a DXF file.

The geometry DXF only defines the geometry. The material parameters like thickness, stiffness
(E-module) and damping will be defined later.

Next the software automatically proposes a new project using your new geometry Figure 3. Be
sure to press [Yes], as that will setup an entire project model with default materials and ranges etc.

THIS will save you much time getting started with FEM simulations!

FINECone

[ ) y Do youwant to create a new FINECone project based on this
k. = 4 design?

Figure 3 - Auto-creating your FINECone project

1.2 DXF geometry: How to change or make your own
If you said yes to automatic project creation, you may skip this section until later.

However, if you need to change a geometry or create a different geometry than given by the
templates, here is how:

The left side Figure 4 shows a section view of a woofer. The same woofer is shown at right when
prepared for FINECone analysis.
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v g 5 I & 9~ ™ ~s DraftSight - [6% ... - O

Edit View |Insert Format Dimension  Draw  Moedify  Toolbox  Tools » — B X

s Wi @

-

Layoutl +

TEEN2 239 000,

Command window x

(1 0

Figure 4 - DraftSight drawing - Left: Actual geometry - Right: DXF line + arc geometry

1) Changing an existing geometry:

a.

b
c.
d

o

With a CAD program (DraftSight is recommended), open the file you want to change
Read and observe the DXF Hints (section 1.21) and Figure 4

Be sure to keep the changed component in its correct layer

You can for example split a line in a number of (small) segments, which allows you
to model a tapering cone thickness

Or you can change radii or intersections.

DO NOT change the basic configuration in the DXF file, unless you have expert

knowledge

2) Creating a NEW geometry.

a.

Itis STRONGLY recommended starting from an existing DXF file (found in
C:\Program Files (x86)\Loudsoft\FINECone\Project, because the layers etc. are
already defined

Read and observe the DXF Hints (section 1.21) and Figure 4

You can only define up to 7 components, see Figure 6
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Figure 4 shows an actual geometry at left. In the right side is shown how the corresponding DXF
file should be made. Note that it must only use lines and arcs. We recommend DraftSight CAD
software for making the DXF files, but most other CAD programs can be used.

The model must be axi-symmetric and only the right half is used. The symmetry axis is where X=0.
Usually this is the midpoint of the dust cap.

An example DXF file is shown in Figure 5. Each component like cone and dust cap etc. are placed
in their own layer.

Classic vifg B EH & s DraftSight - [6_5 ... - = 2%

File Edit View [Insert Format Dimension Draw Modify Toolbox Tools » - X
Y & &
| | | &
C| | & |
<) | & |~
Q| | o,
& | ja | @
o ' ﬂ =
o | N
Z N
A8 | B
=) Sheet 1 3
* | | command window x| |G

Figure 5 - FINECone reference DXF in DraftSight

1.2.1 DXF hints

1.

a > 0D

Save as (AutoCAD) v12 DXF-format (ASCII) or use the generic DXF format (oldest).
DXF MUST be high accuracy: Better than 8 decimal places, 16 would be best.
ONLY normal LINES and ARCS are allowed. No double or poly-lines etc.

ALL intersections must meet in ONE point.

Use Snap in CAD. Example — Line from (x,y)10,21 to start of another arc: line

10,21 (point to start on next arc) END (will indicate a square to lock to the ENDPoint)

Lines and Arcs to be broken at meeting points (=Intersections)
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7. Place each component in its own layer: Cone, Surround, Dust-cap, VC former, VC and
spider. The easiest way is starting with the 6_5 Woofer Large Dust Cap.dxf example file
and then modify this drawing. In that way the layers are already created.

8. No THICKNESS or DIMENSIONS, or text at all in DXF drawing. Thickness is only set in
FEM Material properties, see Figure 35.

9. Use PURGE in AutoCAD to ensure removal of unwanted items.

10. Use Accurate solutions (and NOT FAST) to avoid errors when components do not
move together in 3D animation. The settings are found in Tools/Program

Options/Calculations.

The safer and easier way is to modify one of the FINECone example DXF files. In this way, the
names of all the layers are defined by default settings and they will import easily into FINECone.

Note that we cannot have double lines in the FINECone DXF file and the DXF file is therefore a
simplified representation, especially regarding the VC former in Figure 5. The voice coil is only one
line for the winding (magenta) with the voice coil former starting as another line (white) up to the
point where the spider is attached and one more line up to the cone.

Likewise, the dust cap and the flange, which are overlapping the VC former, are modelled as an
arc + ONE line. (It is possible to model these small segments, see later. But you can get very far
with a simplified model)

The same applies for the surround flange glued to the cone which is not included in the simple
DXF drawing. The cone is thus drawn as one line (red) in the Diaphragm layer + two arcs. The full
geometry is shown in Figure 7, where the split points are shown as small dots.

Remember that the thickness of the components is NOT set in the DXF file but later in Material
Properties.

Pressing [Geometrical Properties] Figure 7 shows the input geometry from the chosen DXF file.
Each component is shown with a different colour and here are all components imported directly.
(Remember all layers will import when using the default layer names, see Figure 6)

IMPORTANT: Remember to split the cone in two or more segments where the dust cap is
attached. This also applies where the spider is attached to the former and similar situations.

5 of 57



Program options

Project oplions | File locations DXF Layers | Calculation

Enfter the default layer names that FINECone should search for

Cornpeonent
[eapheag

Surraurd

Dust capiDome

Foarmmser
Voice o
Spider
‘Whizzer
Magnet
Falé

Default drawireg laper name

Surround

Dusteap-Dome

v FINECone should ignore CASE when searching layer names

QK Cancel Help

Figure 6 - DXF: Default Layer names (1-7 Main Acoustic components in frame)

The default layer names are defined in Tools/Program options/DXF layers, Figure 6

B DXF File Input Editor - <FINECone Folder> C\Users\pl\Documents\FINE Presentation-DEMONVE_S ...

File Settings

Component: | Drawing layer:

Diaphragrm  {EAEEIEFAEL
Surround |
Dust cap
Farmer

Woice coil

Spider

whhizzer - MWaone selected -
b agret - Mone selected -
Pale - Mone zelected -

{* Shaow anly FINECone elements

v Show node points

" Shaw all drawing elements

Status:

Analysis iz possible

[a]:8 Cancel

Cursor position; [42.5380 , 64, 7638]

Figure 7 — Example FINECone Geometry
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1.3 Project information window

1.3.1 Geometrical properties
Figure 8 shows the geometrical properties window where you can select which parts of the DXF
belongs to which component of the driver. It is important to check that there are no red circles
indicating errors in the connections. Also, be sure to check that all the different components are
selected in the drop-down menus on the left.

When you get the message “Analysis is possible” in the Status window in the lower left the model
is ready for FEM modelling.

[N DXF File Input Editor - <FINECone Folder> C:\Users\Thydal\Dropbox (FINE)\Loudsoft\Opgaver\WH...

File Settings
Component: | Drawing layer: |
Diaphragm | DIAPHRAGM -l
Suround | SURROUND hd!
Dustcap | DUSTCAP-DOME -
Former | FORMER hd!
Yoice col | YOICECOIL ﬂ
Spider | SPIDER hd!
Whizzer | wHIZZER |
Magnet - Mone selected - j
Pale - Mone selectad - ﬂ
% Show only FINECone elements
¥ Show node points

" Show all drawing elements

Status:

Analysiz iz possible

ok | Cancel | Cursar position: [42.3931 . 4.1246]

Figure 8 - The geometrical properties of a 6.5-inch woofer with a whizzer cone

1.3.2 Material properties
The Material Properties Window Figure 9 allows you to choose different materials from a list of
predefined materials or input the user’s own values. The properties can be defined for the
individual segments of the component or for multiple segments at a time by selecting multiple
segments. This can be done by holding ‘Ctrl’ while clicking on the different segment numbers.
Setting individual properties for the different segments allows for simulating a glue joint or tapering
cone geometry.
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FEM Matenal properties |

Select segment[z] in compaonent;

Select component;

Mumber: | Type: | Start point | End point I Mazz, g |
1 Arc [16.25, 28.18] [29.50, 39.82) 1.020014
2 A [29.50, 39.82) [41.23, 46.97) 1.234244
3 Lire [41.23, 46.97] [E61.50, 57.30) 2973533

Froperties for selected zegment(s];

Thickness (b} | 0.150000 mm | FEM mass: [5.227730 g |

— kdatenial properties:

Set az project defaultl
Dezcription: I.ﬁ.luminium [sheet] *
Young's Madulus (). | 75000000000 M.t | el |
b azz denzity [thal: I 2700.000 kgfrn*l

b atenal Data... I

Poizzon's number [nu]:l (1.330000
Dramping [delta]: I 0.0710000 | ] I Cancel I

Figure 9 - Material properties can be defined for each individual segment in each component

The user can specify the following properties:

e Thickness (h)
e Young's Modulus (E) — The stiffness of the material in MPa or N/m?
e Mass density (rho) — Defines the density of the material in kg/m?

¢ Poisson’s ratio (mu) — A measure of the compressibility of the material. Use the default
value of 0.33 if the actual value is unknown.

¢ Damping (delta) — A factor specifying the internal damping (loss) of a material. Maximum
damping is normally 1.00.
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1.3.3 Material database
As mentioned earlier it is possible to select predefined materials from a material database. This
database can be accessed by clicking the button “Material Data...” in the Material Properties
window, see Figure 9. This opens up a window with a list of many standard materials that can be
used for the initial design. Some of the materials are supplied by Dr. Kurt Mueller
(www.kurtmueller.com) and have a DKM in their description.

Material Editor |

Lizt af maternials in databaze:

Dezcription; | foung's | Drenzity | Poizzon | D amping |i|
Palyarnide Film 3.000e+009  1400.000 0330 0.020
Palyebylens 1.000e+009  940.000 0.330 0.0a0
Polyeszter film 1.400e+010 700000 0330 0.020
Polymethyl pentene 2.800e+003  3400.000 0.330 0.100
Palyztyrene [foam, ... 2.000e+009  27.000 0.330 0.020
Palystyrene compa... 1.900=+003 350000 0.330 0.020 J
Polystyrene foam 3.000e+006 10,000 0.330 0.100
PP [filled. talz) 3.000e+009  1300.000 0330 0.0a0
PP copalymer 1.400e+009  310.000 0330 0.0a0 LI
— Properties of active material:
Description: IF'F" [filled, tal]
Young's Moduluz [E]: I 3000000000 M /e
bazs Denzty [tha): I 1300000 kg.-"rrFl
Foizzon's number [nu]: I 0.330000
Dramping [delta: I 0.0930000
el Delete | Update oK. Cancel

Figure 10 - Material database with many predefined, common materials

The user can also add new materials by typing the name of the material in the Description field,
defining the material properties and then clicking the Add-button in the lower left corner of the
window.

1.3.4 Display (simple) model without break-up
Pressing this button (Project Information window) bypasses the FEM calculation, and shows the
components modelled as simple and ideal masses and compliances (inverse stiffness). This mode
is normally only used to quickly simulate a response without break-up. The ‘TS Parameters can be
used to extract the Thiele-Small parameters from the FEM model, see next.
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1.3.5 TS Parameters (Lumped elements)

Re:

Fs:

Qts

Cs:

Bl:

Sd:

Rs:

TS parameters

6.300 Ohms j
45286 Hz

Qms |3.724
Qes 0.943

0752
0.903 mm/N

Mms | 13681 -

5.100 Nm j
137.273 cm2

Xmax: mm

Lel [0.190 mH J Lel mH
Le2 [0450 mH J Le2 mH

Rp [10.000 Ohms J Rp Ohms
Air mass: | 0.910 g

General ‘Diaphragm] Surround] Dust cap] Former] Voice coil] Spider]
From F.E.Model

Imported

Re: W Ohms
Fs. [45286 Hz
ams [37224

Qes |0.943

as [o750

Vas: ’W |
Cms: ’W mm/N
Mms ’W 4]

B |5100  Nm
sd 137273 cm2
Xmax: W mm

Clear Compare

X

Import to Compare

OK | Cancel

Help

Figure 11 - Thiele-Small (TS) parameters. The right column is imported from FINEMotor or FINE R+D.
Press <to use Re, BL, lel, le2 and Rp in FEM calculations

The FINECone FEM (Finite Element Model) is very advanced and detailed Figure 11. In contrast
the TS Parameters are using only simplified lumped elements. However, the TS parameter button
will show the actual TS parameters extracted from the FEM model. For comparison you may
import TS parameters as FM3 from FINEMotor, or as TXT from FINE R+D or other programs.

You can insert Re, BL, lel, le2 and Rp in FEM calculations by pressing < for each parameter.

Note: The FEM model often uses Zmin instead of Re, as that matches the impedance curve better
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TS parameters *

General | Diaphragm ] Dust cap ] Fnrrner] Voice coil  Spider l

Spider parameters

Mass, g 2878523 From Finite element...|

Mass factor 0.500000
Compliance, mmsN | 0917355 From Fintte element ... |

Resistance, Nm/s [ 0,607449 From Finite element...

ltems marked with * are optional for this component

QK | Cancel | | Help |

Figure 12 - Spider pars calculated, with surround excluded. Spider stiffness ~700MPa ~1mm/N

If you need to calculate the actual spider stiffness, then select the Spider tab in TS parameters
Figure 12. HOWEVER, you must first exclude the surround, see Figure 13. (This is to avoid having
both spider and surround stiffness together). A spider stiffness ~700MPa is close to 1mm/N.

Similarly, you may exclude the spider for calculating the surround stiffness.

o N i A Ry
Include/Exclude in maodel

surround Show Mode b

? €

4

Surround 30 Properties

Figure 13 - Exclude Surround

1.3.6 Electrical properties

Electrical

Re@minl |3 Ohm
Lel: IF mH
LeZ IF mH
R l'llili Ohm
Bl B1 Tm

Figure 14 - The electrical parameters with Re and Bl imported (from FINEMotor)
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In the Electrical Properties window Figure 14, the user can input basic loudspeaker parameters Re
and BL. These can also be inserted from TS parameters, see section 1.3.4, and may include Lel,
Le2 and Rp for simulating the loudspeaker impedance.

Note: The FEM model often uses Zmin instead of Re, as that matches the impedance curve better

Re — The DC resistance of the voice coil. This can also be set Znin (Mminimum impedance

over Fs) to better simulate the actual impedance and thereby the actual SPL.

Lel — A serial inductor emulating part of the voice coil inductance.
Le2 — A second serial inductor paralleled with a resistor Rp.

Rp — A resistor emulating part of the voice coil resistance.

Bl — The force factor of the motor system.

In addition, the user can also choose to import a measured impedance curve by right-clicking
the Impedance curve, and selecting: [Import measured Impedance], Figure 15.

€. Plot of Impedance - Curvilinear cone woofer, inv sur-Type2.fte

Input Impedance Zin
i b FINECone LOUDSOFT
40.0
30.0
200 Plot Layout
Plat Linestyles...
/ Plot Title & Axis Labels...
100 // A XAxis 5ettings...
\- ¥ Axis settings...
‘ Show ¥
0.0 ! j :Dmport.rr?easur-ted’lilj'npedjnc-e...’l t
20 50 100 200 500 lemove imported impedance data
Copy to Clipboard Ctrl+C

Export impedance data... L

Figure 15 - Import measured Impedance curve

Note: It is important to match the simulated impedance curve with the measured impedance
curve reasonably well in order to get a simulated frequency response that matches the real
world.
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1.3.7 Frequency Range

— Frequency range
Mumnber of frequencies:

Fram: |20 Hz te: 20000 Hz &0 :
Apply |

Figure 16 - The frequency range and how many sections the frequency range is divided into

The default frequency range is from 20 to 20000 Hz. The calculated frequency points are
determined by the number of frequencies Figure 16. These are by default logarithmically spaced
over the selected frequency band. Use 100 or more points to obtain a detailed response.

(Alternatively, you may select the Option “Fast Solution of Differential Equations” in
Tools/Options/Calculation if using a slow PC. The accuracy is still quite good except for the highest
frequencies).

The frequency range can be extended to start at a few Hz and extending beyond 100 kHz for ultra-
sonic simulations.

The advanced frequency settings allow you to select all kinds of linear and logarithmic ranges
Figure 18.

Frequency Range List

— Frequency range list

Fange #: | Type: | Values: | # of fregs: |
1 Logarithrmic 20.00Hz - 2500.00Hz 20
2 Lagarithric: 2700.00Hz - 2000000 .. 40
K] Linear 4300.00Hz- BE670.00Hz &8

Edi. | Delete |

ak | Cancel |

Figure 17 - List of pre-set frequency ranges
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Frequency Range Editor E |

— Frequency range
Range Type: I Logarithmic range j

Lo walue: IEDEIEI Hz
High walue: IF"EEIEI Hz

Mo. af Frequencies: I‘I L 3:

Freview: — f 0000000 .
2198.0230
24156525
2654.8239
2917eEs =

Cancel |

Figure 18 - Window allowing you to pre-set new frequency ranges

1.4 Impedance window

The impedance window in Figure 19 shows three simulated curves. The green curve represents
the mechanical impedance of the driver, which is mostly dominated by the suspension. The teal
curve represents the electrical impedance of the driver, which is determined by attributes of the
voice coil. The black curve is the summation of the green and the teal curve, and it represents the
total impedance of the system.

Having the mechanical and electrical impedance separated allows for easier tuning of the some of
the parameters when matching the simulated impedance with the measured. In FINECone it is
possible to import a measured impedance curve into the impedance window and use that as
reference when determining the parameters of the simulated driver. This is done by right-clicking
on the impedance window and selecting ‘Import measured impedance’, see also section 1.3.5.
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Input Impedance Zin
O™ FINECone LOUDSOFT
40.0 \ —
30.0+ —\
I
20_0——‘|——
|I ‘l
1004
A\ LA
i |
A A
20 50 100 200 500 1K 2K 8K 10K 20K
f,Hz

Figure 19 - Impedance window showing the impedance of a 10-inch subwoofer

Right-clicking on the impedance window also brings up the option to change the plot layout and
axis settings to better fit what the use wants to see.

1.5 Sound Pressure Level (SPL) window

The Sound Pressure Level window shown in Figure 20 includes 4 curves where 3 are simulated
and one is a measured response imported into FINECone. The three simulated curves include the
on-axis and two off-axis responses. To import a measured curve or change the plot layout and/or
axis settings you right click on the window and select from the drop-down menu.

Sound Pressure Level @Const. Vin
dB SF;IE]O FINECone 2ink curve is before LOUDSOFT

95 U’

AL
s | A H,.Js:pﬁ N
85 \
80 \
75 \—5,‘
70 W
65 \\ -
60 y 1Ak
. 4\_\
50 1
20 50 100 200 500 1K 2K 5K 10K 20K

f, Hz

Figure 20 - The Sound Pressure Level window shows on-axis as well as two off-axis simulated
curves of a subwoofer. A measured frequency response (Pink) has been imported by right-click.
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1.6 Animation window / 3D Geometry + Displacement

B ¢ ElE

Figure 21 — Select 3D Geometry + Displacement

The animation window (3D Geometry + Displacement) Figure 21 is useful to visualise the
behaviour of the parts of the loudspeaker at different frequencies. This can help pinpoint what
component is breaking up and causing fluctuations in the frequency response.

Figure 22 - The 3D animation window visualises the behaviour of the cone at different frequencies.
Press ﬁto animate.

The E= button at right in Figure 24 starts and stops the animation. The first drop-down menu allows
you to select the frequency you wish to examine. You can also increase or decrease the frequency
using the arrows to the right of the drop-down menu. The second drop down menu from the left
indicates the excursion of the voice coil. Exaggerating this excursion can help locate break ups in
higher frequencies where the excursion normally is quite limited. The third drop down menu from
the left is the animation speed. The last drop-down menu from the left is the number of frames
calculated per oscillation. Higher numbers give a smother animation but is more demanding of the
computer.

The buttons are only click-able when the animation window is selected.

20000H ~ 1 7.0 mm - 10Hz -+ 12 - &

Figure 23 - Drop down menus for the animation window
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The first button from the left in Figure 24 opens a window where you can select how many sections
you wish to divide the model into and how many of these sections you wish displayed, i.e. to get a
cross sectional view instead of seeing the whole model. The second button from the left toggles
the mesh of the model on and off. The third button from the left allows you to zoom and move the
model around in the animation window Figure 25.

m @ Background Color -

Figure 24 - Buttons for displaying the animation

Zoom and Pan Dialog X
Zoom and Pan settings

Left Right

# direction pan: |

Lo High

Y direction parn; |

Zoom factor: |

2 diztance: | —

Figure 25 - Zoom and Pan settings

1.7 Toolbar
1.7.1 Import from FINEMotor
=

It is possible to import the Thiele-Small parameters from FINEMotor by clicking on —", see also
1.3.4. This is highly useful when simulating a new driver which is not available physically. The

[ - IS -

magnet and pole properties can then be edited using these two buttons
for display.

.These are only

1.7.2 Window selection
The different windows available in FINECone can be toggled on and off using the buttons shown in
Figure 26. The first button from the left is the impedance window, the second button is the
frequency response, the third is the directivity plot, the fourth is the 2D plot without displacement,
the fifth is the 2D plot with displacement and the last button opens the animation window.

(A 1 fad B B B2

Figure 26 - The six buttons for the different windows in FINECone
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1.7.3 Include/exclude mechanical parts
It is possible to include or exclude different parts of the model using the buttons shown in Figure
27. This can be useful if you for instance have measured the loudspeaker with the surround
attached compared to another sample with the surround cut off. This is very useful in order to find
the compliance of the spider (see also figure 12). Or if you have two identical drivers with and
without a whizzer cone and wish to see the difference.

& e e e e -

Figure 27 - Include or exclude different parts of the model

It is also possible to keep all the components included in the model, and then instead only exclude
the SPL from each component. This can be extremely useful when trying to investigate the
influence of the various parts of the driver, i.e. the contribution of the surround to the overall SPL.

This can be done by using the buttons shown in Figure 28.

T o

Figure 28 - Include or exclude the contribution of different parts of the model in the frequency
response

1.7.4 2D plot
FINECone can also show 2D plots of the model with and without displacement Figure 29. This
method may be preferred to the 3D animation as it can make it easier to locate the breakup.

Cone Geometry and displacement

Y. Tﬂna 00 FINECone LOUDSOFT

50.00 \ /

-50.00
-100.00 -50.00 0.00 50.00 100.00

X, mm

Figure 29 - 2D plot showing the model when at rest and when driven at 1863 Hz
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2. Design Examples

2.1 Simulation of a 6.5” woofer

The best simulation is made with a measured frequency and impedance response as reference
(for comparison). When a good first simulation is found for one speaker you can use this first
simulation and make changes to improve your speaker.

Step 1 - Measure the frequency response, impedance, and parameters

First you need to measure the impedance and frequency response in a large baffle using FINE
R+D (measures quasi-anechoic in normal rooms) or similar. Make sure the driver is properly
recessed in the baffle, which must be large (IEC baffle or larger is recommended). Then export
these as lab-files with phase (automatic in FINE R+D) or txt files with phase.

Then measure the TS parameters, preferably using the fixed mass method. We will later import the
curves and data into FINECone.

Step 2 - Draw the geometry of the driver

We recommend using the Geometry Modeler section 1.1 or creating your own DXF file,
sectionl.2.

We recommend the CAD software DraftSight for making DXF files. The safer and easier way is
modifying one of the FINECone example DXF files because the names of all layers are defined by
default settings and they will import easily into FINECone. See the DXF hints in section 1.2.1 how
to make the DXF file. Please note that the DXF file is simplified, especially regarding the VC former
(Figure 4 and Figure 5), so that the Voice Coil is represented by one line for the winding+ former
(magenta), while the remaining VC former above the winding is another line (white) up to the point
where the spider is attached and maybe one more line up to the cone.

Likewise, the dust cap and the flange, which is overlapping the VC former is modelled as an arc
+ONE line.

The same applies for the surround flange on the cone. The actual cone is glued to the first roll of
the spider. Since we cannot model double lines, we may split the cone into two arcs.

Note that we cannot have double lines in the FINECone DXF file

Step 3 - Example using the FINECone Wizard.

Press ™ button to start the FINECone Wizard.
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FINECone Wizard - Step 1 of 6: Basic project information

Project name: IZHEE'E'
{required)

Savein:

Target path and name... |

IC:\F'rong:lm Files*LoudSoft\FINECone 2.0%ProjecttZ

[™ Base this project on a template (select from the list below):

Template Description

15mm Receiver

4 L

<]

165 Woofer-Sumound problem @& 1300Hz
165 Woofer-Sumound problem & 1300Hz

[E‘!

(]
| (2]

< Back

Mest =

Cancel |

Help

Figure 30. FINECone Wizard

If you cannot use the Geometry Modeler section 1.1, we strongly recommend selecting a
template file (.FTE), or an earlier simulation as a start.

However, if the analysis is new, we therefore continue with next.

FINECone Wizard - Step 2 of 6: Project type

Project type:

¥ Cone type |bass unit with conical diaphragm);

" Dome type ttweeter unit with spherical diaphragm)

< Back

Mexd =

Cancel |

Help

Figure 31. Choose Cone type (Project Type)
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FINECone Wizard - Step 3 of & Cone Geometry & Components >

Geometry

Geometrical properties. .. I

Material

Material properties... |

T5 parameters

TS parameters... |

< Back Mext = Cancel Help

Figure 32. General FINECone Steps

The 3 buttons indicate the general procedure:

1. Define the Geometry,
2. Input material properties
3. Set other simulation parameters

Press | BERMEHEABERRER. . | by tion to input the geometry of the driver.

After opening the DXF file (Figure 33) we find that two rows are not selected because the names of
those layers are not the same as the default names. We have to choose dust cap and voice coil
layers by finding the layer where the component is from the drop-down menu as shown in Figure
34.

Note that the DXF file is analysed as indicated by the green circles. A red circle would indicate that
the lines were not properly attached.
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—_1 DXF File In put Editor - \\spark\LOUDSOF T\project\ZR650\ZR 650 Loudsoft PL.dxf

=)

Fas

File Settings
Component: | Drawing laver: |
Diaphiaam | DIAPHRAGM -]
Surround | SURROUND j
Dustcap | - Mone selected - j
Fomer | FORMER ~|
Yoice coll | - Mone selected - ﬂ
Spider SPIDER -
‘whizzer - Mone selected - j
Maagnet - Mone selected - j
Fale - Mone selected - j

% Show only FINECone elements

[¥ Show

node points

" Show all drawing elements

Statuz:

Analyziz is pozzible,

but rezults may be questionable

oK

Cursor position: [5. 78593 | 38 9256]

Figure 33. DXF Import -Input Editor

| DXF File Input Editor - \\spark\LOUDSOF T\project\ZR&50\ZR 650 Loudsoft PL.dxf

=)

Fas

Status:

File Settings
Compaonett: | Drawing laver:
Diaphraam | DIAPHRAGM ~|
Sumound | SURROUND ﬂ
Dusteap | DUST_CAP ﬂ
Fomer | FORMER -l
Woice cal  |VOICE_COIL hd
Spider FORMER rs

. VIOICE_COIL
Whizzer SPIDER.
hagnet DUST_CAP

DIAPHRAGM

ke SURROUND v

* Show only FINECone elements

[¥ Show node points

" Show all drawing elements

119

Analysis is possible

Curzor pogition:

Figure 34. DXF layer - drop down menu
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kd aterial properties...
Press s

| button to input the materials of all components.

The preparation for this step is to decompose the driver into parts like those segments we have in

our DXF file and measure the thickness and mass of them.

Choose the material of each segment of the diaphragm. We may select all the parts and choose
the material for all of the parts if they are same. However, the safe way is to do it one by one as we
may have different thicknesses for different parts. We should avoid making it the same by mistake.

FEM Material properties

-,

Select component; | Diaphragm -

Select segment(z] in companent:

Froperties for selected zegment[s]:

b atenial properties:

Description: |F'F' [filled, tal=] *

Young's Moduluz [E]: | 3000.000 MPa |

M umnber: | T ype: | Start point | E nd paint | kazz, g

1 Arc [12.50, 24.35) [15.67, 26.79 05z0018
2 Al [ 15,67, 26.73) [ 57.25, 48.74] B.2277a8
3 Arc [57.25, 48.74) [ B0.50, 43.52) 1.350439

Thickness [h]: | 0.450000 mm | FEM mazs: | 94358246 q |

Set as project defaultl

b azs density [tho); | 1300, 000

kg

Poizzon's number [nul: | (1.330000

Dramping [delal: |EI.EI1 aaon

 aterial D ata... |

| (] | Ear‘u:ell

Figure 35 - The thickness of the various components is set in the FEM Material properties window

The cone thickness is 0.45mm, shown here as input for segment Number 2. Press “Material Data”
to enter the database where we have selected PP (filled, talc) material for the cone.
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s 1

Material Editor
Lizt of materials in database:
D escription: | Y'oung's | Density | Poizzon | [ arnping )
Polyeszter film 1.400e+010 700000 0330 0.020
Polyrnethyl pentene 2.800e+009  3400.000 0.330 0.100
Palystyrene [foam, ... 2.000e+009 27000 0.330 0.020
Palyztyrene compo... 1.900e+009 950000 0.330 0.020
Puolystyrene foa 3.000e+006 10,000 0.330 0.100
| 3.000e+009  1300.000 0330 0.090
1.400e+003 310,000 0320 0.0a0 |
PP homopolymer 2.300e+009  1000.000 0.330 0.030 fal
Properties of active material:
Description: |F'P' [filled, tal]
Young's Modulus [E]: | 3000.000 kFa
b azz Density: | 1300.000 kgdme
Poizzon's number: | 0.330000
Dramping [delal: |EI.EIEEIEIEIEI
Delete | ] Cancel

Figure 36 - The cone material is selected from one of the standard materials in the FINECone
materials database

The influence of glue will be taken into account. The actual speaker has much glue between cone,
VC former and spider. In our model this glue can be in three positions, on the inner part of the
cone, on the upper part of the VC former, or on the inner part of the spider.

In this case, we choose to model the glue on the inner part of the cone, because we want to
simulate the influence on the cone response. We do that by setting a larger thickness for that cone
segment and change the density until the mass is same as the measured value.

This is done in Figure 37, where the first cone segment (1) is specified with 2mm thickness. We
may later change the stiffness by adjusting Young’s Modulus
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FEM Material properties

Select component: | Diaphragm -

Select segment[z] in companent:

Mumber: | T ype: | Start point | End point | Mazz, g
a.- P A [12.50, 24.358) [18.67. 26.79) 0920018
2 A [15.67, 26.79 [57.25, 48.74) B.542974
3 Ao [57.25, 48.74] [B0.50, 43.82) 1465721

Froperties for selected zegment[s]:

Thickness [h]: | 2.000000 mm | FEM maze: | 3028713 q |

kd aterial properties;

Set as project defaultl

Description: |F'F" [filled, tal=] #
Yaung's Modulus (E): | 3000.000 MPa | |
b azz denzity [thal: | 1300.000 ki

M atenal Data... |
Poizzon's number [nul: | (1.330000
Dramping [dela): |EI.EI1 aaon | ] | Cancel |

Figure 37 - Part of the cone is made thicker to account for the glue on the voice coil
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The surround is 0.41mm rubber from the database.

FEM Material properties

Select component: | Surround -

Select segment(z] in component;

MHumber: | Type: | Start point | E nd paint | Mazs, g
a A (050, 49.92] [ B1.2E. B0.0E) 0.141089
2 Arc [ B1.26, 50.08) [ B1.9E, B0.95] 0213610
3 Arc [B1.96, 50.95) [ 70.40, &0.65] 2483450

Properties for zelected segment(s]:

Thickness [h]: | 0.410000 mm | FEM mazs | 2844120 q
 aterial properties:
Set as project default

D escription: |F|ubber
‘Young's Modulus (E); [ 2.760 MPa | |

b a2z dengity [rhal: 1124.400 kg me
Foizzon's number [nu): | 0480000
[ amping [delta]: 0.015000

b aterial Data...
Cancel

common type of rubber used for surrounds

Figure 38 - The surround material is using the Rubber material which has the properties of the most
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FEM Material properties

Select component;

Select zeagment(z] in component;

MNumber: | Type: | Start paint | End point | Mazz, g |
1 Line (12.50, 24.35) [ 1250, 27 36 0.063864
2 A (1250, 27.36) [ 0.00, 2352 0144317

Properties for gelacted segment(z]:

Thicknezs [h}: 0.100000 Trirm FEM mazs | 0.208380 g
I aterial properties:
Set az project default
Dezcription: |.£‘-.Iuminium [sheet]

Young's Modulug [E]: | 75000.000 MPa | |

t azz density [tha]: 2700000 kg
Material D ata...
Poizzon's number [nu]: | 0.220000

Dramping [delta): 0.005000 Ok Cancel

Figure 39 - For the dust cap aluminium is chosen

Apply

Note: Don'’t forget to press , whenever you have made a change.
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FEM Material properties

Select component: I Farmer vI

Select segment(z] in component:

Mumber: | Type: | Start point | End point | Mazs, g |
1 Line [12.50,12.50] [12.50, 23.50] 0396576
2 Line [12.50, 23.50] [12.50, 24.35) 0030452

Properties for selected segment(z]:

Thicknessz [h: IEI.'I?EIDEIEI i | FEM mazs: IEI.42?E|38 q |

— Maternal properties:

Set &z project defaultl
Deszcrption: I.-'i".luminium [sheet]
‘Young's Modulus [E): | 75000.000 MPa | Apply |
tazs denszity [thao): | 2700000 kgx’n‘?l

hd aterial Data... I

Poizzon's number [nu]:l 0.330000
Dramping [delta): IEI.EIEIEEIEIEI (] I Cancel I

Figure 40 - Also for the voice coil former aluminium is used

The important parameter of the voice coil is the mass of the coil winding + former covered by it,
see Figure 41. We then adjust the thickness to get the same mass as measured. The VC stiffness
is not used.

Figure 41 - The voice coil used in the woofer we are simulating
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FEM Material properties

Select component: | Maice cail -

Select segment[z] in companent:

Mumber: | T ype: | Start point | End point

| Masz. g

1 Line [12.50,12.50] (1250, 0.50)

Froperties for selected zegment[s]:

kd aterial properties;

0471229

Thickness [h]: | 0.500000 mm | FEM maze: | 0471239 q |

Set as project defaultl

Description: |Eenerin::
Young's Moduluz [E]: | 1000.000 MPa |
b azz denzity [thal: | 1000.000 ki

Poizzon's number [nul: | (1.330000

Dramping [dela): |EI.EIEIEIEIEIEI

M atenal Data... |

| (] | Eann::ell

Figure 42 — For the voice coil we choose the ‘Generic’ material as we are going to tweak the

parameters ourselves.

Since we do not know the accurate material of the spider, we may use the ‘generic’ material from
the example file or for example “Spider/ Typical” found in Material data.

Remember to select all segments with CTRL+A.
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FEM Material properties

Select segment[z] in companent:

Select component: | Spider -

Froperties for selected zegment[s]:

kd aterial properties;

Description: |Eenerin::

Young's Moduluz [E]: | £93.000

Mumber: | T ype: | Start point | End point | Mazz, g fad
16 Line [32.09, 23.05] [32.65, 24.09) 0043882
17 A [ 32.65, 24.09] [34.85, 24.09) 0103608
18 Lire [34.85, 24.09] [35.41, 23.08) 0.047629
19 Arc [35.41, 23.08] [37.09, 23.05] 0.084575
20 Line [37.09, 23.05] [37.65, 24.09) 0.080EED
21 A [ 37.65, 24.09] [33.92, 23.93) 0127027
22 Lire [39.92, 23.93)] [ 40.54, 22 28] 0082541 ”

Thickness [h]: | 0.270000 mm | FEM maze: | 1.245073 q |

Set as project defaultl

Mass density (hal | 673.000

Poizzon's number [nul: | (1.330000

Dramping [dela): |EI.EEIEIEIEIEI

M atenal Data... |

| (] | Eann::ell

Figure 43 - For the spider the 'Generic' material or “Spider/ Typical” is used as we do not know the

precise material of the spider

Note: The common error of setting materials is when we select more than one segment and set the
materials for them together, we may forget they have different values in some parameters, e.g.

thickness.

(if using a slow PC, you may use the ‘Fast solution of differential equations’ setting to get faster
calculation. The setting can be found in Tools/Program Options/Calculation).
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Program options

Project options ] File locations ] DXF Layers Calculation ]

(+ {Fast solution of differential equationsi

(" Accurate solution of differential equations

EI

OK | Cancel Apply Help

Figure 44 - Choose between quicker but less accurate and rough calculations or slower but more
accurate simulations

Note: When we change the number of segments in the DXF file, the materials setting of the
changed layer must be defined again. Values cannot be stored when there are different segments.

Press| TS parameters... | button to enter the lumped TS values, see section 1.3.4 and 1.3.5.

The other lumped parameters are not used in the accurate FEM calculations (except Re and BL).
However, they can be found from the FEM calculations and used for comparison.

FINECone Wizard - Step 4 of 6: Frequency range

Frequency range
From: 2‘1 Hz To: [20000 Hz

Advanced frequency settings

Advanced frequency settings...

< Back | Mend = | Cancel | Help |

Figure 45 - The frequency range can be specified depending on the simulation

The TS parameters below are measured with FINE R+D:
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Parameter | Value | Unit
Re 3.47 Q
Fs 61.46 Hz

Qms 4.975 -
Qes 0.779 -
Qts 0.674 -
L1 0.176 mH
L2 0.39 mH
R2 4.059 Q
Vas 12.583 L
Mms 13.597 g
Cms 493.179 | m/N
Bl 4.836 Tm

Start the simulation using some of the values: Re and Bl from here in the next step. Use the value
from L1, L2 and R2 for Lel, Le2 and Rp.

FINECone Wizard - Step 5 of 6: Electrical parameters

Electrical parameters

Re, Chm:
Le1, mH:
Le2, mH:
Rp. Chm:
Bl, Tm:

0176
.
jaoss
T
< Back et =

Cancel

Help

Figure 46 - The electric parameters found using FINE R+D are entered
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FINECone Wizard - Step 6 of 6: Acoustical parameters

Acoustical settings

On-axis distance to speaker: m |

Mumber of Angles:

111

Maxdimum Angle:
f+ Poirts are on a circle {constant distance to source)

= Pairts are on a straight line (constant distance to baffle)

< Back I Finish I Cancel Help

Figure 47 - Measuring points are specified as the last thing

3 angles mean 0, 30 and 60 degrees off axis responses.

The Finite Element (FEM) calculation is done automatically after Finish is pressed.
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r@‘ Profect Information Window - IR650 Spark 1.1ep

=Joks

General peoject properhies
Project descriptior. | ZRES0
Project Type: [Core
(% Dizplay FEM seubts with besakoup
" Diesplay simple model vathout breakup

It Vieikage: FE=TEY v[RMs =]
Frequency 1angs
Huebar of Ireguencias:
Froem: |20 Hz o |20000 Hz Iﬂ
Advanced requency settings... |
Mechanscal Elechiical
Gecmatiical prepertes . | Re [147 Ohm
Lst: [0E it
Mistesial peopsrties: | Lz [0= i
e [+083  oOtm
Lumped paramstesz_ | Bt [48m Tm

Frosect geomeiny

Acoustical

Drvasds distance ho speaker. [1000 o

Musnbse of funghes:
M aamum Angle

—
60 © Ll |

(+ |Porks ate on a coche [constant distanca o sousce]

™ Poicks aie on & stirmght e [constant distances 1o ballle]

Figure 48 - This is the window you will see when you press finish if you have followed the

instructions in the tutorial

Step 4 - Fit the impedance curve

Now is the time to take a look of the impedance curve we have calculated in FINECone.

40.0
Flot Layout

30 . 0 Plot Linestyles...
Plot Title & Axis Labels. ..
¥ Axis settings...
' Axis settings. ..
Show 3 A
Remove imported impedance data
Copy to Clipboard Cirl+C
Export impedance data... |4

10.0 at

. —
. ‘,/ \\\‘\ __.,..-—T __,—/
0.0 o
18 49 98 499 998 2K 5K 10K 20K
f, Hz

Figure 49 - The measured impedance of the driver is imported as a reference
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The pink curve is the imported curve. It was imported from FINE R+D as a *.lab-file, but FINECone
can also handle *.txt-files from other software.

The simulated impedance curve (black) is lower than the measured curve around 300Hz. It is
because Zmin is a little larger than Re. So, we should increase the value of Re.

Then we change the values of Lel, Le2, and Rp, to get good agreement at frequencies up to 10
kHz.

T T TP R STV ] T3 | Plot of lmpedance - TR850 Spark 6.kp LIEE

Geren ol pecgect peopertes Fi .
Prct deeciir: [50 Input Impedance Zin

o b
% Dy FEM iciulls st bisbugs
7 Dapliy mmpls maodel walitvoast besshu
bgad Vb izt v[Aks =] 0.0
Fiaguercy range

Mumbes of eguencies:
Foom [70 T T T 00
| Aadeariced iequancy pelinge ]
1]

Macharscal Eleciacal i 20 ///

[t L et | Re [22 ke r',.ﬁll I

Let: [078 wH j'.--\ L
[ Mseidpogener ] ez 13 e 100 ; "
R I'.i ke '_‘_,.-’f_ J ‘“'h.___‘ ..ul—h".--"-‘
Lumped paameten Bt |IB:E~ m - — =T 1TT|
00 M
Fall 50 w00 200 S0 K K 5K 10K 0K
i Hz

|

Figure 50 - After having imported the measured curve (the pink curve) the electrical parameters are
tweaked to fit the simulated impedance curve

35 of 57



Step 5 - Fit the SPL curve

Finally, we work on the SPL curve

T T T &7 Piot of Sound prezsure - TRES0 Spark 6.1cp =
i — Sound Pressure Level @Const. Vin
B SPL
Frosect Type: [Eorm o
% Dzl FEM reculls st bivshug "
7 Diaplay prpls model vsthoud bepabigy % ,__..--' i ‘-‘H;"'.‘-.
bpuvotse:  [Timar  v[AMs = E":'/"x = ]
Fiequeray range 70 H\ e
P ot hecpuaricins 7 IR 1\
Foam: [20 Ha o 0000 fr I | B0 1||
| Addwanced bequancy oetngs | 50
Mecharsca Electical
Geomecs propenet | Re [12 om 40
Lei: [018  mH 30
[ Motesdopener ] Lz [03 wh
R[5 i 20
g [ gt I Bt K= 3 T
10
o
20 50 00 200 500 1K 2K 5K 10K 20K
1, Hz
|

Figure 51 - The measured frequency response of the driver is imported into FINECone and is seen as
the pink curve

At low frequencies, the black curve has more extension than the actual curve, because the black
(simulated) curve is simulated assuming an infinite baffle, but the pink (real) curve is measured in a
smaller finite baffle.

Using EIEIE buttons we can study the effect of the 3 main components: Cone / Surround /
Dust Cap.
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P

# Projoct Information Window . TR650 Spark B.fcp

e — Sound Pressure Level @Const. Vin
e dB SPL
Prpect Type 100
% Diisplny FEM 1l waith broalnps i
[ T —— 0 H =" _
euValse  [2moMzr V([AMS = 8o 4 ] 8
Seewmy e . .
Humbses o hequercins 7 [ LLHT ‘;I"
Fuom: [ W0 e B 4 B L S s P \
e | _Advnced reguercy wetirgs| s0—jet’
e e I Fr a2 e, -
Lat; [018 wH 30
[(modpupeter ] w2z [7
(R (™ 20
Luppes] [amenat] I Bt A B T 10
0
20 50 100 200 500 1K 2K 5K 10K 20K
1, He
I

Figure 52 - Here the frequency response is shown for the dust cap alone

The dust cap only affects the very high frequencies.

W Profoct Informatien Window - TRE 50 Spark &.1¢)
— Sound Pressure Level @Const. Vin
dB SPL
Project Tyge: [Corm 160
1% Diapliy FEM s s sk )
[ —— %0 T i B
bV [ziEz V[RME = 80 -] - — gast s
Frequency range 70 7 anfl —
Mumba of heguercier /I'J" A I
Fiom |20 Ha e 20000 W T | B0 {J" H.\'
gk Aeteanced Semmecy oatings 5 -\\
[’ ¥ Elncis ‘-hh\
[ T | Re |42 Db 40
Wi [0 M 30 I
V
[(esdppenn ] Lz 03 =
s 5 Ot 20
0
20 50 100 200 S0 1K 2K K 10K 20K
1, Hz
I

Figure 53 - The frequency response for the surround alone

The surround produces more SPL than the dust cap, and has a peak around 800Hz close to the
dip in the measured curve. So, we may change the surround parameters to get a better simulation.
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e— Sound Pressure Level @Const. Vin
B SPL
Pt Typer [Core T
(3 il FEM recls wath beabng i
™ Dinplg simpds mocdel vt beasbop % LT i _.'_“"'-L-...'_‘_‘
g Wik Tien V[AMs = a0 L f - “‘.‘%\
Frequeny range: 70 ¢’ :
Mumbs of hyousrcin: / \ f
Fiom [0 Fiz (20000 Ha | B0 al
| Achranced bequency pefing: J 50 \I‘r
Mecharsad [
Gt o propete] I Fe a2 (11" 40
ek (013 wH 30
[ bimesd perier | W B3 e
B 5 Ot 20
L] [l it | Bt m:3 T 10
0
20 50 10 200 S00 1K 2K SKOK 20K
1 Hz
|

Figure 54 - The frequency response for the cone alone

The cone dominates at almost all frequencies. To get better agreement, we should first simulate
the cone accurately.

If the SPL curve looks very smooth, it may be because the damping is too high. The rule is that we
use less damping during the first simulations to be sure to see all the break-up details. After that,
we will change the damping to the correct value.

Reducing the damping of the cone from 0.09 to 0.01, we get the following responses.

T — ey . Piot of Sourd pressure - ERESO Spark 6.fcp L@
POy — Sound Pressure Level @Const. Vin
B SPL
Project Type: [Com Rt 9
" Winply gt pesded ettt bopsbip 90 L a=TiEE ‘ﬁ'”\;
Tl 80— &
Frequercy range: 70 ¢ s ;
Mumbses b hecqamrcins / \
Foomx [0 L BT R | B0 \
Mochmen Fincca 0 Vv
Gitomemca propeses | Re [2 o
L [ i 30
[Coisimisipopere: ] P "
Pe [ o 20
Lumped porameter I Bt [lém_ln 10
0
20 50 100 200 SO0 1K 2K 5K 10K 20K
1, Hz

Figure 55 - The overall frequency response with the damping of the cone reduced
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Firstly, let’s find the reason for the disagreement around 1k Hz. Press Bl button, and set the
selected frequency around 1k Hz.

_-‘
LOUDSOFT

Yy, mm
150.00

Cone Geometry and displacement

100.00

50.00

-100.00

-50.00

50.00

100.00
X, mim

Figure 56 - A 2D plot of the driver at rest and when moving at the selected frequency.

It is very clear that the outer part of the cone is bending. So, let us open the cone material

properties.

We will change the thickness of the outer part of the diaphragm back to 0.45 to get the correct
stiffness, but increase the density to 2300 to keep the mass, since this part is a combination of
cone and surround flange. The glue also influences the stiffness, so we should change the Young’s

Modulus to move the peak/dip to its right position.

Finally, we find the correct damping of the cone, which is lower than the Material data
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FEM Material properties

Select component: | Diaphragm -

Select segment[z] in companent:

Froperties for selected zegment[s]:

kd aterial properties;

Description: |F'F" hamapalerier *

Young's Moduluz [E]: | 4000.000 MPa |

Mumber: | T ype: | Start point | End point | Mazz, g

1 Arc [12.50, 24.35] [18.67. 26.79) 0707706
2 A [15.67, 26.79 [57.25, 48.74) 4. 70606
3 Ao [57.25, 48.74] [B0.50, 43.82) 1.3111E68

Thickness [h]: | 0.450000 mm | FEM maze: | 6.803430 q |

Set as project defaultl

b azz denzity [thal:

| 1000.000 kg/me

Poizzon's number [nul: | (1.330000

Dramping [dela): |EI.I]3EIEIEIEI

M atenal Data... |

| (] | Eann::ell

Figure 57 - The damping in the cone is changed to match the measured response

Then repeat this at the other disagreement until we find an acceptable agreement.
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ZR 650 FINECone Simulation 0/30/60 deg
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Figure 58 - The simulated response for on-axis, 30 degrees and 60 degrees are shown versus the
measured response

The final result is a good simulation of the actual measured ZR 650 response (pink curve). The 30
and 60 degree off-axis responses are also calculated and shown.

The simulation accuracy is focused between 100-10kHz. It is possible to increase the simulation
accuracy considerably by splitting the cone into 5-7 segments and also split the VC former in
smaller segments. Examples made in this way can be found in the FINECone Project directory.

Note: Many simulations will show a lower SPL in the range 700-3000Hz. This is normal and a
result of the chosen Rayleigh calculation method

2.2 Simulating a real 6.5” aluminium cone woofer

We will verify a FINECone model compared to a real driver to check the accuracy. The FINECone
model can then be used to simulate new materials, cone shapes and many other things.

The actual driver is a 6.5-inch woofer in a plastic frame with a 90mm ceramic magnet and 33mm
voice coil. It has a curved aluminium cone with a rubber surround and a large plastic dust cap.
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Figure 59 - 2D representation of the driver

Re
Fs
Qms
Qes
Qts
Vas
Cms
Mms
BL

Sd

Lel

Le2

Rp

Notes:

5.45e

57.412

2.895

©.492

©.399

14.4e5

©.582

13.2e1

7.261

132.732

©.236

©.637

7.980

NEW LOUDSOFT TS parameter format

Add notes here

| M16AJ- fix 14g.txt - Notepad

File Edit Format View Help

Chms

H=z

cm™2

mH

mH

Chms

Figure 60 - TS parameter file in txt format (FINE R+D and FINEBox)
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These are the steps in FINECone FEM:

e Define Geometry by importing DXF file

o Define Material Properties of speaker components using material database

e Define Electrical Parameters and import 4| FINEMotor data if available

Since all meshing, number of elements, degrees of freedom and constraints etc. are done
automatically by the software, we will just make a sketch of the geometry in DraftSight and import
the DXF file into FINECone.

The model must be axi-symmetric and only the right half is used. This implies that the coordinate of
the leftmost point is on the symmetry axis where X=0. Usually this is the midpoint of the dust cap.
The DXF-drawing is shown in Figure 61.

__DXF File Input Editor - <Project=\6_5 Woofer Large dust Cap w magnet. dxf

B=%

Statuz:

File Setkings
Component: | Drawing layer:
Diaphragm |DIAPHRAGHM | ~|
Suround | SURROUMD j
Dustcap | DUSTCAP-DOME |
Farrner FORMER ﬂ
Woice coil | WOICECOIL ﬂ
Spider SFIDER |
Whizzer - Hone zelected - j
i agnet MAGHET ﬂ
Pale POLE |
* Show only FINECane elements
v Show node points

" Show all drawing elements

ok,

Analyziz iz pozsible

Carcel Cursor position: [6.3203 , -15.45585]

§

Figure 61 - DXF Import and Automatic Error Checking

We have used the default names for the layers and the entire drawing will be imported directly.

Note. You can change the default layer names in Tools/Program Options/DXF Layers
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The Status window reports: Analysis is possible. This means that the DXF error checking has
analysed the DXF file and found no errors. Click OK to proceed.

FINECone will now start the calculation using default parameters. These must be changed to give
meaningful results in this case.

Therefore, we select FEM Material Properties

FEM Material properties

Select component;  |Diaphragm -

Select zegment(z] in component;

M umnber: | Type: | Start point | E nd paint | Mazz, g

1 Al [16.25, 28.18) [23.50, 39.52) 1.020014
2 Arc [ 29.50, 39.52) [41.23, 46.97) 1.234244
3 Lire [41.23, 46.97) [ E1.50, 57.30) 24973533

Properties for zelected zegment{z]:

Thickness (k] | 0.150000 mm | FEM mazs: | 5227790 q |

b aterial properties:
Set az project defaultl

Description: |.ﬂ-.luminium [gheet]
Young's Modulus (E]; | 75000000000 N | |
kazz denzity [rhal: | 2700.000 ki

b aterial Data... |
Foizzon's number [nu): | 0.330000
Dramping [delal: |EI.EI1 aaon | ] | Cancel |

Figure 62 - The FEM Material properties window showing the diaphragm sections

The diaphragm is for this example divided into 3 segments. Basically, this diaphragm is designed
with a large radius (arc) which is connected to a line (see Figure 61). The large arc, however, was
divided into two arcs both connected to the dust cap.

The cone material is chosen as Aluminium [sheet]. The * indicates that the material from the
database is changed by increasing the damping from 0.05 to 0.1 in order to model the actual
speaker material correctly.

The surround material is obtained from the Material Database, shown in Figure 63, selected by the
button on the lower right.

The “Rubber” material is selected which has the values for a typical surround rubber material.
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Note: you can edit the materials or add new materials in the database at any time.

-~

Material Editor

-,

Lizt af maternials in databaze:

Dezcription; | 'oung's | Drenzity | Puoizzon | D amping Rl
Palyztyrene compo... 1.900e+009 950000 0.330 0.020
Palystyrene foam 3.000e+006 10,000 0.330 0.100
PP [filled, talz) 3.000e+009  1300.000 0330 0.090
PP copolymer 1.400e+003  310.000 0330 0.0a0
PP homapalymer 2300e+009  1000.000 0330 0.0a0
Resin glazs fibre (.. 1.100e+0010 430,000 0.330 0.0&0
:Hubber 2 760e+006  1124.400 0.4e0 0015 —
Silks 1.500e+009  1000.000 0330 0010 Rl
Froperties of active material:
Description: |Hul:n|:|er
Young's Moduluz [E]: | 2FB0000 M /e
bazs Denziby: | 1124.400 kg
Paizzan's number: | 0.430000
Dramping [delta: |D.EI'I S000
Delete | ] Cancel

Figure 63 - Material editor window with a long list of pre-set materials

Now the electrical parameters should be entered. Here the values from FINE R+D were used first.
To help the user to match an existing impedance curve, a measured impedance curve can be
imported by selecting “Advanced Settings”

Electrical
Re: |E17 Chm
Lel: IF mH
Le IF mH
Rp: I'Iﬂi Ohm

Bl: 10680195 Tm

Figure 64 - Electrical Input
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If you have a FINEMotor file (*.FM3) it can be imported directly into FINECone. See also TS
parameters section 1.3.4. You may transfer Lel, le2 and Rp in the TS dialog, Figure 65.

Lel |0.190 0.236
le2 [0450 le2 [0637 mH
Rp  [10000  onms (7980  ohms

Air mass: O 910 g Clear Compare |

Rs: | 1.045 Nm/s ‘ Import to Compare |

OK | Cancel ‘ Help ‘

Figure 65 - TS Parameters: Including Lel, le2 and Rp from file

LOUDSOFT

Figure 66 - The (0/30deg) response is measured with FINE R+D. The on-axis curve is imported in
FINECone

The resulting frequency response is shown in Figure 67.
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6%2 Woofer Large dust Cap

dB SPL
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Figure 67 - The agreement between the calculated FINECone response (black) versus the measured
response (magenta) is remarkable at high frequencies (break-up region)

Input Impedance Zin
|Zin| Ohm
50.0

40.0

30.0

20.0

10.0

0.0

20 50 100 200 500 1K 2K 5K 10K 20K
f Hz

Figure 68 - The blue curve is calculated electrical impedance, the green curve is the mechanical
impedance, and the black curve is the blue and green curves summed up to give the total
impedance. The magenta curve is the imported impedance curve for comparison.
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We now look at the 3D animation to get an idea of where the break up is happening in the driver
for the peak around 7 kHz. The frequency is set to 7162 Hz in the 3D animation drop down menu
and the result can be seen in Figure 69.

Figure 69 - This is the 6.5” woofer break-up animated at 7162Hz, which is the frequency of the large
peak. Note the heavy break-up in the outer part of the cone.

The amplitude is set to 7mm as shown in Figure 70. Selecting the actual amplitude is not ideal for
high frequencies as the excursion is extremely small.

“| 6a03.747 Hz ™| 4 8| 7.0mm =l tove =2 x| @2

actual*1z2defock ™

Figure 70 - The amplitude is set to 7.0 mm to better visualise the breakup

Excluding every part from the model except for the dust cap by using the buttons shown in Figure
71, we can now see that it is providing the main contribution to the peak around 7 kHz as shown in
Figure 72.
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]

Figure 71 - Excluding all parts of the model except for the dust cap

dB SPL
100

672 Woofer Large dust Cap (dust cap only
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Figure 72 - Response of the large Dust Cap ONLY. The dust cap has a large peak around 5kHz.

FINECone

Directivity +/-90deg, 10 frequencies

LOUDSOFT

| |

-20

T
-10 0
SPL rel. 0?

Figure 73 - Directivity at 10 frequencies

For displaying the directivity, it is recommended selecting 10 frequencies, and limited frequency
range Figure 73. See the Directivity example: Curvilinear cone woofer -Dispersion Plot 2-20kHz.fcp
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2.3 165mm woofer with edge problem

In the following example we have modelled a 165mm woofer which has a severe response

problem around 1300Hz.

The measured response is imported and shown as the pink response. The low end measured
response is different from the FINECone simulation because the driver was measured in a small

baffle.

165 Woofer- Edge Problem

dB SPL Analysis valid 200-10kHz
100
95 }
90 /n\ /h\/ :ﬂ‘.
85 / //"_- \L.-d
/|
80 7

75/

70
65

|

60

L\

\

95

50

I\

20

50 100 200 500 1K 2K

5K

10K 20K

f Hz

Figure 74 - Frequency response of the 165 mm woofer with an edge problem

The FINECone simulated response in Figure 74 fits the imported measured response quite well.
There is much break-up from 3-8 kHz, but we will concentrate on the peak and dip around 1300 Hz

since it is quite annoying and very difficult to handle in the crossover.

The Project Geometry is shown in Figure 75. The red dots indicate intersections between
segments. Note that we have split the surround into 5 segments. All 5 segments have the same
thickness 0.4mm, which can be seen in the FEM Material properties in Figure 76.

Note: Many simulations will show a lower SPL in the range 700-3000Hz. This is normal and a
result of the chosen Rayleigh calculation method
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Froject geormetm

_——_— e — s —

Figure 75 - Geometry for the 165 mm woofer with 5 segments in surround

-

FEM Material properties

-

Select component; | Surround -

Select zegment(z] in component;

M umnber: | Type: | Start point | E nd paint | kazz, g

1 Line [ 58.25, 58.12) [55.70, 53.26] 0103916
2 Arc [ 58.70, 58.25) [59.07, B0.11) 0421642
] Arc [59.07, B0.11) [B0.15, B1.70) 0433052
4 Arc [ 6015, B1.70) [61.93, 62.52) 0500577
4] Al [ 61.93, 62.82) [ 65.30, 53.26] 2253803

Properties for selected zegment{s]:

Thickness (k] | 0.400000 mm | FEM mazs | 37123990 g |

b atenal properties:
Set az project defaultl

Description: |Eeneriu:
Young's Modulus (E]; | 2000000 Mo | |
bazs denzity [tho): | 1500.000 kg

b aterial Data... |
Foizzon's number [nu): | 0. 430000
Dramping [delal: |EI.EI1 A000 | k. | Cancel |

Figure 76 - Material properties for the surround

51 of 57



In order to find out what is happening around 1300 Hz we have this time used 2D animation, which
is sometimes better at showing where the maximum movement of the components is. Figure 77
shows the cone edge and surround is moving excessively (brown curve).

Cone Geometry and displacement
" 150,00
100.00
50.00
0.00
-100.00 -50.00 0.00 50.00 100.00
X, mm

Figure 77 — 2D plot with displacement (brown), maximum at cone edge.

There are many ways to correct this problem, for example by changing the cone profile to a larger
cone angle or change the geometry or thickness of the surround. Here we will change the
thickness of the inner part of the surround.

In Material Properties we select segments 1, 2 and 3 and change the thickness to 0.8mm. After
Apply and OK the calculations are done automatically.

The new simulation, shown in Figure 78, exhibits a much smoother response around 1300 Hz. The
pink curve is showing the response before the change was applied. That response was exported
as an FSIM file. This file was then imported after the changed surround was calculated.
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165 Woofer- Only Surround changed

dB SPL Pink curve is measured before change
100

95

90 /" J’\
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f Hz

50

Figure 78 — 165 mm woofer with increased thickness of inner surround

Figure 79 shows a screen plot from FINE X-over where we have used the exported responses
from FINECone as input for the woofer section. The orange response is using the 165W before the
simulated change. The final response (black) is much improved.
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81 2-way 165W Improved.fbx - FINE X-over =JoEd
File Wiew Settings Unit Detals Mebwork Target Optimisation Power  Help
o=l & & %
T T2 T | R E | R el o
Display - Totals 100 ! 40
Total SPL Mag
Total 5PL Phase
Total Imp. Mag a0) - /\-’" 30
Total Imp. Phase o ~ P \r\ Imp
Tot. Target SPL Mag = ’/T \K ~ (Ohrns)
Tot. Target Imp. Mag 80| = 4 +1§3
é =] i / / \ Phase
; [GELN]
70 — 10
Unit Delay | r/’ R / 0
seL | T
No delay (B} | ‘ =
aoll i 0
) No delay 10.0 200 500 100 200 fiHz) 500 1.00k 2.00k 5.00k 10.0K 20.0k -180
o o s
F P F [Ea
o 140mH o Z.40R ZZ.00F
+ +,
24.DuF__(' 150uH %
Power Calculation 13 2 2 00y
Pioeneer (niom)
50.000 100 ‘
in (rms)
14142 (283w i || = |
=] SPL: 165 Woofer improve...d.fsim =5 SPL File: 1 Dome on axis. TXT
Zin (norm) Mﬁﬂjglmn: 165 Waoter- |m:ro\re...n.ts|m Mﬂﬂjglmn File: 1 Dome Impedance TAT
4000 o0my | wF LF W
Ready UM

Orange curve is with the bad woofer

Figure 79 - FINE X-over using the frequency response and impedance exported from FINECone.
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2.4 38mm headphone transducer

Figure 80 - 38mm Headphone transducer simulated in FINECone with break-up at 3165 Hz

The 38mm headphone was first modelled in FINECone with only the main acoustical parts:
Diaphragm inside (dome) and diaphragm outside (surround) and voice coil. The diaphragm is 25u
PEI which is used for both dome and surround since the diaphragm is made in one piece.

The resulting response is here shown as the pink curve in Figure 81. There is serious break-up
from approximately 3000 Hz and the first mode is shown as 3D animation in Figure 80. This first

break-up mode is showing up in the middle of the outer diaphragm (surround) where it is almost
flat.
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38mm Earphone with air load (holes)
dB SPL Pink curve is without air load
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Figure 81 - A 38mm Headphone simulated frequency response with air load (rear holes)

The actual transducer has a number of holes behind the outer diaphragm/surround all covered with
a cloth acting mainly as damping material. The net effect of this may be calculated as an effective
air load mass using the well-known Helmholtz formula. We can incorporate this air load mass in
the FINECone simulation by adding it as “Air load” in Lumped Parameters. The main curve in
Figure 81 is showing the resulting response, which is some 7 dB lower in SPL due to the extra load
mass.

We also note that the effective Fs is reduced from approximately 180 Hz down to 100 Hz with the
air load mass.

Demo video:

https://youtu.be/nlaGb67RPwc

2.2 Appendix

The DXF files can be read in Notepad or other text editors.

Figure 74 shows the first lines of a DXF file created by FINECone. The line 999 is showing which
FINECone Template type is used. Here it reads LOUDSOFT_FINECONE_TEMPLATEOQO3,
meaning that the FINECone Template type was 003.
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| Micro34.dxf - Notepad

File Edit Format View Help

999

LOUDSOFT_FINECONE_TEMPLATE®GO3

%)
SECTION
2
HEADER
9
$ACADVER
1
AClee9
%)
ENDSEC
%)
SECTION
2
TABLES
%)
TABLE
2
LTYPE
70

0
LTYPE
2
CONTINUOUS
70
2}
3
Solid line
72
65
73
e

Figure 82 - FINECone Template type 003, shown in Notepad

www.loudsoft.com
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