Micro Receiver Analysis

The following 15mm example specifications are given by the customer:
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Diaphragm Material
Properties :

Young’s modulus : 620 kg/mm2
Poisson Ratio :0.24
Density :1.36 g/cm3
Thickness :25mm
Diaphragm mass : 0.0058 g

Customer Speaker measurement by B&K 2012
Test Condition : 0.1w (894mV) at 10cm
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FINE simulations
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€. Project Information Window - 15mm Receiver.fcp

=Joey

— General project properties — Project geametry
Project description: |1 Arnim Receier
Praject Type: IDDI‘ﬂB |
" Dizplay FEM results with breakup I
" Dizplay simple model without breakup
Input olkage: 0.234000 W IF‘MS LI |
— Frequency range |
Mumber of frequencies: |
From: |100 Hz to: 20000 He o0 = |
I
Apply | Advanced freguency settings... |
— Mechanical — Electrical — Acoustical
4 Re: Ig Ohm On-axiz distance to speaker: |1 0o i |
Lel- ID_D5 mH Mumber of Angles: |3
b aterial properties. I Le2 Iglm mH b &irnuirn Argle: IED i3 Apply |
Rp: |'| i} Ohri f+ Paints are on a circle [constant distance to source)
Lumped parameters... I Bl ID,43 Tm ™ Paints are on a straight line [constant distance to batfle)
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—_| DXF File Input Editor - C:\Documents and Settings\Peter Larsen\Dokumenter\FINE Presentation\... E]@

File Settings

Component: | Drawing layer:

Dome DUSTCAP-DOME -]
Surround | SURROUMD ﬂ
Farmer - Mone selected - ﬂ
Yoice coll  |WOICECOIL |ﬂ
Spider -Mone selected - j
td aanet - Mone selected - j
Pole - Mone selected - j

{* Show only FINECone elements

v Show node points

" Show all drawing elements

Statusz:

Analyziz iz pozsible,
bt resultz may be questionabls

ak Cancel Cursor pogition:

Then we define the material specs for the segments. Below is shown the centre dome
spec., where we have entered the specs already known. Note that the damping is set to a
low value in order to see break-up resonances in the response.

FEM Material properties o

Select component: | Dome -

Select zegment{s] in component:

Mumber: | Type: | Start point | End point | Mass, g
1 Arc [ 360, 0.20) [ 0.00, 0.60) 0001401

Properties for selected segment(s]:

Thickness (k] | 0.025000 mm | FEM mazs | 0.007401 q
taterial properties:
Set az project default

Dezchption; |Men_l,l zpec *
Young's Modulus (E). | 620.000 MPa | |
Mass density [thal: 1360.000 ka/m

katerial D ata...
Poiszon's number [nu): | 0.240000
D amping (defta) 0.000200 Cancel

In case the material parameters are not known, we can open the built-in database and
select a suitable material containing all data:



-

Material Editor
Ligt of materials in databaze:

Dezcription: | oung's Density Poizzon Dramping
Paper/phenolic 1.000e+003 350,000 Q.30 0,060
Paper/pulp typical]  5.000e+003  150.000 0.330 0.04a0
PEI 2.000e+0059  2458.000 0330 0,001
Plwwood B.E00e+009 720,000 0330 0.020
Palparide film 2.000e+003  7400.000 0.3z0 0.020
Polyehylens 1.000e+003 940,000 0.3z0 0.030
Paolpester film 1.400e+010 700,000 0.3z0 0.020
Polprnethyl pentens 2.800e+003  2400.000 0.330 0,100
Properties of active material:

Dezcription: |F'EI

Young's Maodulus [E]: | 2000.000

Mazz Denzity: | 24683.000 kg/m2

Paizzon's number: | .330000

Dramping [delta): |EI.EIEI'I Q0o

Delete | ak. Cancel

The user can also add new or modify materials to the database.

€ Plot of SPL - 15mm Receiver.fcp E]@]“
15mm Receiver SPL @ 894mV/10cm<Fs
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Above is shown the simulated response from FINECone, which is close to the measured
response from the customer. The top at ~1000 Hz is the main resonance Fs, which
corresponds with the simulated impedance curve below.
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€, Plot of Impedance - 15mm Receiver.fcp E][E}1

Input Impedance Zin-Estimated

|Zin| Ohm
25.0

20.0

15.0

5.0

0.0 : . | | l : — 1
100 500 1K 2K 5K 10K 20K
f Hz

The peaks and dips in the frequency response from 8-20 kHz are caused by break-up in
the diaphragm (cone). Below is shown how the centre dome is breaking up at 10522 Hz.




The next picture illustrates how to simulate a pattern in the diaphragm. But there is little
effect on this 15mm because most of the break-up is in the center dome part.
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€. Plot of Geometry - Merry receiver, 894mV-10cm.wcp E]@
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Next paragraph is an analysis of an existing 15mm micro receiver motor. Following an
improved motor version is developed using the FINE programs.



38mm Headphone Example

4. 3D Visualisation of Geometry and Displacement - 38mm Earphone.fcp E]@

A 38mm headphone has been simulated in FINECone. The first break-up is just above 3
kHz, which is seen on the frequency response on the next page. The mode shape at this
frequency is shown below. There is considerable break-up in the middle of the large
surround.

€. 3D Visualisation of Geometry and Displacement - 38mm Earphone.fcp E]@
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38mm Earphone Impedance
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Now a number of small holes with damping have been added to the rear side of the
surround. The effect is added moving mass, which lowers the SPL and resonance Fs, but
also reduces the break-up.

38mm Earphone with air load (holes)

dB SPL Pink curve is without air load
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38mm Earphone with air load (holes)
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Finally we can simulate the addition of a pattern on the outer (surround) part of the
diaphragm:

38mm Headphone Geometry with pattern
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FINEMotor Simulation.
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n 15mm Receiver example - FINEMotor2
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n 15mm Receiver example - FINEMotor2
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However this solution requires some available space below the center of the diaphragm,
which is not possible in this case.
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Finally we may improve the 15mm micro receiver by using Ferrofluid in the air gap. There
are 3 significant advantages by doing so:

1. The power handling is increased considerably due to the cooling with the Ferrofluid
in the air gap.

2. The Ferrofluid can be selected to add much damping at resonance (Fs), which
prevents distortion and increases power handling.

3. The air gap can be made smaller, which will increase SPL and improve cooling.

The next picture shows the exact volume of Ferrofluid to be dispensed in the air gap, the
saturation strength, and viscosity.

More info about Ferrofluid can be found at www.ferrotec.com
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The Ferrofluid is specified (in red). First is the exact volume as given by FerroTec, and
then the necessary magnetic saturation strength and finally the chosen viscosity.

The sensitivity was increased due to the narrow gap which is possible with Ferrofluid, and
the mechanical damping was increased due to the damping from the Ferrofluid.
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Micro Loudspeaker / Receiver Box Design

Micro loudspeakers and receivers can be designed in FINEMotor2008 and imported into FINEBoOX,
where the acoustic loading / box volume and tuning can be simulated.

Figure 4: 15mm micro speaker in closed __ /Band pass ___/ damped InterPort

Now we will start a 15mm box design by importing a FINEMotor file (with T/S parameters and
thermal data) directly into FINEBox by pressing the “Read Unit” button.

(Fig. 5) defines the additional information, first is the distance from winding to diaphragm, which
here is 0, since the VC is glued directly to the diaphragm. The second number is the thermal

conductivity, which here is the lower number 0.45 Wm/K for isolating materials. The linear
excursion Xmax=0.276mm is also imported.

Figure 5: Thermal Info Input
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Figure 6: Complete 15mm micro speaker data imported from FINEMotor

First the 15mm micro speaker/receiver unit is put it a closed box volume of 0.1 L (100ccm) by
selecting the upper left button “Closed Box” and adjusting the (Front-) volume to 0.100 L by rolling
the mouse wheel. This is shown as the blue curve in Fig.4 (Button #2).

Figure 7: FINEBox Acoustic Loadings

The blue curve (#2) has an impedance peak close to 400 Hz, which is the resonance Fs. The input
voltage was adjusted to give an Xmax excursion of 0.28mm, (= Xmlin: max excursion with Voice
Coil still in the gap). This gives a max SPL of 81dB at 0.1m defined by the frequency range
indicated by the green line. See also later Fig.10.

In contrast the red curve #3 is a Bandpass design, with a small hole (port) in front of the speaker.
This port is tuned to 5000 Hz, after which the response drops at higher frequencies. Again the
input voltage was adjusted to give a max excursion of 0.28mm, giving a max SPL of ~83.7 dB at
0.1m. However there is a very large peak at 5000 Hz.

Choosing the InterPort option (Figs.4 & 7) and adjusting the InterPort Q to 0.9, (Fig. 8) brings down
the peak and gives a quite flat Bandpass response. The high damping (lower Q) is made by
covering the (Inter-) port with a cloth or felt, which will pass air but add damping. Actually the front
port can be damped in the same way. Max SPL (2-5 kHz) is dB.

The VC and magnet temperature is in the upper right picture. The VC is at 28.9C which is no
problem. See the next two sections regarding high power simulations.
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Figure 8: Setting of Port Q and damping

The ports can be changed by modifying the port diameters (Fig. 9), and the length will
automatically be simulated according to the chosen tuning frequency. A flange (trumpet) can
reduce port noise/whistling.

Figure 9: Change of Port diameters and simulated le  ngths

Figure 10: Excursion of 15mm closed/Band pass/Inter ~ Port from Fig. 4

Fig. 10 shows the VC excursion of the 3 designs, where the input was set to produce 0.28mm
(Xmlin) at the resonance frequency (Fs) in the box. Because the excursion is increased at low
frequencies, the design with the higher box resonance (green #4) can produce a higher SPL in the
pass band. In order to prevent problems, it is advisable to insert a High Pass filter to limit the low

frequencies below Fs.
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