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Designing Transducers for Compact Speakers

BBC LS 3/5A Compact Monitor 1974
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Designing Transducers for Compact Speakers

Todays Compact Loudspeakers
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Table 1. SUMMARY OF LOUDSPEAKER ALIGNMENTS
adapted from Table1, Loudspeakers in Vented Boxes
No. | Type | Ripple | ffs | folfs | Cas/Cup Or Javx!fs
(dB)
1 QB3 - 2.68 2.00 10.48 0.180 -
5 QB3 - 2.28 1.73 7.48 0.209 -
3 QB3 - Tk 1.42 4.46 0.259 -
4 QB3 - 1.45 1.23 2.95 0.303 -
5 Bw4 - 1.000 1.000 1.414 0.383 -
6 CH4 - 0.852 | 0.927 1.055 0.415 -
7 CH4 0.07 0.724 | 0.829 0.729 0.466 -
8 CHA4 0.25 0.704 | 0.757 0.559 0.518 -
9 CH4 0.51 0.685 | 0.716 0.485 0.557 T
10 BW5 - 1.000 | 1.000 1.000 0.447 1.00
11 CH5 - 0.850 | 0.912 0.583 0.545 157
12 CH3 0.25 0.698 | 0.814 0.273 0.810 1.81
13 CH>5 0.5 0.620 | 0.798 0.227 0.924 g
14 CHS5 1.0 0.554 | 0.781 0.191 1.102 | !
sl |
QB3 = Quasi-Butterworth 3" order .l / 2
BW4 = Butterworth 4" order, maximally-flat amplitude response / /
CH4 = Chebyshev 4" order, equal-ripple amplitude response
BWS5 = Butterworth 5" order, maximally-flat amplitude response /
CH5 = Chebyshev 5" order, equal-ripple amplitude response

Y/

.71 O 1-41 2.0 2.83 4.0
AT

Fig 8 Amplitude Responses of a Vented Box Loudspeaker, with alignments numbered as in Table 1

From Neville Thiele:
“The Loudspeaker Parameters and their Evolution”



Compact speakers require small drivers. These produce
less SPL (lower sensitivity )
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Initial settings for 6inch example A

1.Cone Area: 136cm2
2.Cone Mass (incl. %2 surround): 11g
3.DCR: 3.0 R (Nominal impedance: 4 ohms)

Initial settings for 3inch example B

1.Cone Area: 31.2cm2
2.Cone Mass (incl. 2 surround): 2.29
3.DCR: 5.5 R (Nominal impedance: 8 ohms)



Example A:
1. Target Xmax ~5mm
2.0ptimize TS Parameters (Qts < 0.4)
3.0ptimize BL(x) for Low Distortion
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Initial input settings for example A

¥
Acoustic Components X

Effective Area =Sd 136. 000 E Ry

Effective Diameter O 13.159 | cm 136.000Area

Fixed Mass Mms-Mvc 11.000 g ‘ 13.159 .

Specify Qms Qams 3.000
Estimate Gms (from VC Former mat.) |+ 3.000 E

Wire Type -

Wire Material |C|:|p|:|er

33.948

j : 32.000
E

—_—

31.500
—F

Mote: Changing former material will adjust Gms :| ‘ |_ Apply Now

Former Material |_&|uminium

Yoice Coil Resistance DCR Fe 3.000 | Ohms
Yoice Coil Inside Diameter VCID 32000 |mm

Mumber of Layers n 2 Aqr | Il
Twin Cail
Voice Coil Former Thickness 0.0500 |mm Cancel | Apply Now

Wire Stretch 0.000 |% — ———

Ready



Calculated solutions based on Wire Diameters

FINEMotor Voice Coil Simulation i

Magnetic Flux Lines

5.0 10.0 Winding Width (mm)

o —————————————— —————— .

FM -



(A) Initial Solution: Xm is only 3mm. Move cursor to the right to
find solutions having longer Voice Coils (Xm larger).
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Now Xm is close to 5mm (OK). However Qts=0.47 is too
high
[ B 6in Wi 32 Start - FINEMotor2 | o[ B | |
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A larger 90x36x17 Y25 magnet gave Qts=0.33 ©
But the BL(X) curve is NOT symmetrical or flat
"B 6in Wi 32 Start - FINEMotor2 EEIT)
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Extending the pole by 3.68mm produces a nice symmetric BL(x)
curve, though not flat. But (IM) distortion will be reduced.
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An alternative design using a 4-layer Voice Coil. The air gap
OD was auto-adjusted for the larger Voice Coil using a 0.30mm
clearance. Xm=+/-6.7mm. Moving Mass Mms up from 16.3 to

29.6g, = Woofer #2 0.3
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Example B. This small 3inch woofer is designed like before. But
this time a Neodymium Magnet + a top Neo magnet was used
The BL(x) curve is good, but sensitivity is low. = Woofer #3

! 3in woofer -symmetric Neo+top CU - FINEMaotor2
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Alternative 3” Ferrite magnet + back magnet solution for low
cost. The BL(x) curve is very good. Sensitivity is still low.

B8 3in woofer - Ferrite+back magnet-symmetric flat - FINEMotor2 -- |£|E|éj
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Question:

Which parameter influences Qts most?
Mms (Moving mass, Re (DCR) or BL (Force factor)
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Feedback from You: Qts

Qts is defined as the total Q (quality factor) at the
resonance Fs.

1/Qts= 1/Qms+1/Qes

Qes <Qms (typically 0.4 <5)

Qes=2pi*Fs*Re*Mms / BL"2
Answer IS BL
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Bass Alignments in Box @ High Power 5

Next we will study how the designed
woofers will behave in cabinets of

different sizes and tuning. The effect
of high input power will be included.
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The 3 example drivers were imported into the FINEBox program:

S

Woofer #1 in 8 Ltr. closed box
Woofer #1 in 18 Itr. Bass Reflex, tuned to Fb=48Hz
Woofer #2 in 18 Itr. Bass Reflex, tuned to Fb=39Hz
Woofer #3 in 1 ltr. Bass Reflex, tuned to Fb= 115Hz

#3 has more bass extension, due to more mass and BL.
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Bass Reflex Woofer Displacement reaching Xmax of

woofer #2. LF rise to be filtered.
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Power Compression of Woofer #2 @ 70W IEC input. The Voice
Coil has reached 154 deg. C. The magnet temp is 52.4 deg. C

I B
File View Settings Help
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Small woofer #3 @ 34W IEC power. Very high Power Compression,
and the Voice Coil is 247 deg. C = Overload! The neodymium
magnet is probably demagnetized @ 129 deg. C
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Bass Reflex Port dimensions to avoid air noise due
to turbulence for curve No. 2 (Woofer #1)
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o SPL (cold): {06.5 ¢iB w0, | 3.64dB(50W)
’,-——--—q______lr___ r
+10dB LT
[l % ¥ 3
100 /f L 400
2] 7
-10dB /
- // S1C] || 200
7/ 4
N
f,/ // \\..
80 // 0.0
10 20 50 100 200 00 1k
zoom* 0.5 Fraquency (Hz) zoomx 2

Calculated Compression of 6'.” Woofer

120,22 onms a0
P Box " .{ -|-| - OI Power
6.5" Woofer: [Tight air gap + Ferroflujd o _—
3 ompression:
: <1.6 dB (50W)
10 SAL (cold): 107.5 dB 1 o | M
e . S—|— —i p— r
L F
+10dB |
=] y e
foo d Temperature at selected time || 0o
= / = -
-10dB /
b
a0 /" —1 208
/ /TN
2. dERR
20 R4 0.0
10 20 50 100 200 500 1k
zoom * 0.5 Frequency (Hz) zoomx 2

Reduced Compression with Ferrofluid + Tighter Air gap



Cone Designs and Problems

Cone design used to be a challenge
based on trial and error.

Today we can quickly simulate with the
help of FEM and gain insight into the
mechanical and acoustical behavoir of
cones and domes of any size
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Acoustic Finite-Element (FEM) Simulation examples

.. 3D Visualisation of Geometry and Displacement - 6_5 Woofer Large Dust Cap.fcp =N B |@

. 3D Visualisation of Geometry and Displacement - 6_5 Woofer Large Dust Cap.fcp




The driver Geometry can be defined as a simple DXF

drawing

DXF File Input Editor - CA\Users\Peter\Documents\FINE Presentation\&_5 Woofer Large dust Cap.dxf

|| B e |

File Settings

Component: | Drawing layer:

Diaphragr ﬂ
Surround j
Dust cap ﬂ
Formmer j
YWaice cail ﬂ
Spider j
Whizzer - Mone zelected - ﬂ
b4 agnet - Mone selected - ﬂ
Pale - Mone zelected - ﬂ

* Show only FINECone elements

v Show node points

" Show all drawing elements

Statuz:

Analyziz iz pozsible

Ok

Cancel

Curzor pozition: [40.2417 | 2.2929]




Each segment is given material parameters from a
comprehensive database

-

Material Editor

S50

.

FEM Material properties

Select component: - |

Select segment(z] in component;

Properties for selected segment(s]:

Thickness [h]: | 0.150000 mm | FEM maszz | 522779

kd aterial properties:

Description: |.-’-'-.Iun'|ir'|iun'| [zheet]

Young's Modulusz [E]: | FRO00.000 MPa |

Mumber: | Type: | Start point | End paint | M azs,

1 A [16.25, 28.18) [23.50,.33.52) 1.02
2 Al [ 23.50, 39.82) [41.23. 46.37) 1.23
3 Lirne [41.23, 46.37) [ B1.50, 57.30) 297

Set as prg

| 2700.000

kgdm

bl azz density [rhal:

Poizzon's number [nul: | (.330000

Dramping [deltal: |EI.EI1 ao0a

I ateri

Ligt of materials in database:

Dezcription: | Y'oung's | Denszity | Foizzon | D amping
FEI 2000e+009  2468.000 0330 0.001
PF [filled. talc) 3.000e+009  1300.000 0330 oo
PP copolyrer 1.400e+003 910000 0330 oo
PP homopolymer 2.300e+005 1000, 000 0.330 .00
P Fail B.000e+007  17100.000 0330 oo
Paper [coated) E.000e+003  BE3.000 0330 0.oz0
Paper DS-DEM-Fu.. 25004003  456.000 0330 oo
Paper M-DERM-Furt... 3.000=+005 555,000 0230 nma
4 I F
Froperties of active material:

Dezcription: |Generiu:

Young's Moduluz [E]: | 1000.000 tMPa

b azz Density: | 1000.000 kagim

Prizzon's nurmber: | 0.330000

Dramping [delta]: | 0.000000

| | ] Cancel

-

ak. | Eann::el|




FEM simulated 0 /30 /60  deg. frequency responses of
62" Woofer, compared to actual measurement . The
agreement is quite good, especially at high frequencies.

€, Plot of SPL - 6_5 Woofer Large Dust Cap fcp |2 [S]
672 Woofer Large dust Cap
dB SPL Pink Curve is different <150Hz due to small baffle
100
90 ~ RN g \ZAR A
80 ] d T~ T /}\

70 / \ VN\' \"’1._
. VLTS \\
50 W

40

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

FC



Cone and Dust cap Break-up of 62" woofer @ 6804 Hz. The
outer half of the cone shows the 1%t cone mode, and the
dust cap has high order break-up

€. 3D Visualisation of Geometry and Displacement - 6_5 Woofer Large Dust Cap.fcp =n = |@




High order break-up of 6'2” woofer @ 13623 Hz. The cone
break-up has just reached the Voice Coil former.

€. 3D Visualisation of Geometry and Displacement - 6_5 Woofer Large Dust Cap.fcp [r=e[-= |@




Example: 165mm/6.5” Woofer with a response problem 1000-1500 Hz

165 Woofer- Response Problem

dB SPL Valid 200-10kHz: FEM . Measured
100

|

95
90 14 / %ﬂ\
L WA

85 //" NG
80 /]

75 :
/ N\

70

65

60+ N
55 \ ) |

) n

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




The FEM analysis reveals a strong edge resonance causing
the problem around 1355 Hz

FC



FEM Material properties I,ﬁ,l

Solution found by increasing
Select component: | Surmound hd ‘ the th|CkneSS Of a part Of the
Select segment(z] in component: S u r ro u n d

MHurber: | Type: | Start paint | End paint | tazs, g

1 Line [58.25,58.12] [ 58.70, 58.26) 0.253730
2 &g [ 58.70, 553.26] [59.07. B0.11) 1.054106
3 Arc [59.07. E011) [E015, B1.70) 1.08261
4 Brc [E0.15, 61.70] [61.99, 62.82) 0500577
] Arc [E1.99.62.82] [ B.30, 58.26) 2253803

Properties for selected zegrment(z]: r_\

Thickness (k] | 1.000000 mm | FEM maszs | 5150906

M atenal properties:

Set as project

Description: |Generiu:

Young's Moduluz [E]: | 2.000 kFa | j
| 1500000 kgdm

M azz denszity [tho]:
b aterial D3
Poizzon's number [nul: | 0.430000 -

Damping (deftal ~ |0.015000 i

- — — — 3 — —— —




FEM simulated solution_ /before

dB SPL
100

165 Woofer +Modified Surround

Pink curve is before change

95
90

85

80

75

70

65

60

X

55

50

|y
V

20

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




FEM simulated O /30 /60 deg. frequency responses of 1”
Aluminium Dome Tweeter with break-up @ 25912 Hz.

€} FINECone 2011 - Evaluation - linch Alu Dome.fcp ‘ ="l —
File Edit Calculate Post-Processing Tools View Window Help

D H SR w & AR EEE A % e e e e e | [ I e METOR-

€ Project Information Window - linch Alu Domefcp

25912238 Hz ~ A I 1.0mm - Step - 32 - B

General project properties Project geometry

fcp

Project description: |Tinch Alu Dome

Project Type: |Dome

th Aluminium Dome + Silk Surround

" Display FEM results with breakup

Input Yoltage: 2828427 W |RMS -

Frequency range |

\

|

" Digplay simple model without breakup I
\

€ 3D Visualisation of Geometry and Displacement - linch Alu Dome.fcp '7"§'@

From: |100 Hz to; |40000)

T 4

Mechanical

Geometrical properties..

LY
/‘

= et
—
b

[ ——
I

\_\

Material properties...

Lumped parameters.

1K 2K 5K 10K 20K 40K
i, Hz

500 1K 2K 5K 10K 20K 40K
f, Hz

For Help, press F1 CAP||NUM||SCRL



Crossover Designs in Practice g 1

Crossover design is very simple in
theory. In reality many problems
makes it difficult and time consuming
to design a good cross over circuit
without the help of CAD.
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10S.0
100.0
95.0
90.0
5.0
80.0
75.0
70.0
65.0
60.0
55.0
auto

PRINT connent: Figure 4.12 Spreading loss for 6.5" MIM array
Enter connent or IAB for previous MLSSA: Frequency Domain

FIGURE 4.11: Half-space versus anechoic response (dotted = FIGURE 4.12: Spreading loss for 6.5” MTM array.
= half-space, solid = free-standing anechoic).




Loudspeaker Measurements and Their Relationships with Listener
Preference

Examples from Floyd Tool's article:

TTTT 1 T T Trrr L T 1 T

2

LA AL LARLE LLL
L lL'llllll

o

1
\“\
2
S
b
2

80 ' 7

oy

IIIT]

@
=

SPL <DE & 1 METRE, 2.83V INPUT2
LARERAELE]
I1III il i%:::;L

L 'l AL LA LBl H i L ld Ll

i i [
5@ 128 2902 'ﬁum e 2K Cx . 10K 20K
FREQUEMCY CHZ

TOP-TO-BOTTOM, AVG. OM AXIS, AVGE. 30-45 DEG.. AVG. 8&-75 DES.
THREE LOUDSPEAKERS WITH FIDELITY RATINGS OF 8.0-8. 4.

(a)

o
=
ST

Fig. 7. Amplitude response measurements of loudspeakers
with fidelity ratings (a) 6.0-6.4,

nlﬂﬂ.: T TTTT TTTY T L =TT ™
- 3 =
= [~ . i
e -
o E
" oo |
= B
B OE TSRS
oy - | e, ] =
. Baj— / et Do N
g F / "E
T ref—
e FE 3
@ F E
S ek =
a  F 3
o =
Wi F r
SEI': i di M i i Ligel g i 5 i 3
26 Bo en oo o0 K IR Er“Ter 3k

FREQUENCY {HI

TOP-TO-BOTTOH: AVG. ON AXNIS, AVG. 30-45 DES.. AVE. 60-TE DEG,
51X LOUDSPEAKERS WITH FIDELITY RATIMGS OF 7.5-7.8.

(d)

Fig. 7. Amplitude rtépunse measurements of loudspeakers
with fidelity ratings (d) 7.5-7.9.

J. Audio Eng. Soc., Vol. 34, No. 5, 1986 May



Example of 2-way cross over circuit with optimized off-axis

responses (Controlled power response)
r'ﬂ 2-way 0-15-30-45deq.fbx - FINE X-over -~ \ - S

File View Settings Unit Details Metwork Target Optimisation Power  Help
DP=EEH 2 & %
Lo R R = Y o T

Display - Totals ag I — T T I e 40 |
[ Total SPL Mag : o Lt NN |
| Total SPL Fhase ¥ B B R

| Total Imp. Mag 80 J/ ﬁ 30

L
Total Imp. Phaze | 1/ \
To Tamet SPC Mag [&] s / A onms

20
Tat. Target Imp. Mag | 70 / Y i .

u T +180
[ Total Off-aris SPL Ea} ,/ T / | \ | 5 |Phase
otal (dB}) N E ’/ ~l_ | \'\1 | N fde1u[.l‘.-

9 = )
[ Unit Delay =0 % X =T | = | 0
Network Crossover Freguencies ] Mo = H;“-\-\. e o | 3 —
£ ; =T 28129 — =~ 1 1
/ = l i BN ] -
£ JActual 5| |10 200 f(Hz) 500 100k  2.00k 500k 100k 200.
s 3
= /
L 1 Ohms
i arget B 2
% 1 #‘ W ]
From VP Al Al
||I"|| 3.00R 12.0uF 13.0uF
\- i o \l =10
g = . .
i A 0 8.20uF " 130%
1 100 200 f({Hz) 500 1.00k 200K 500k 100k 200k an (500mRy
Target Shape Metwaork 7 3 S
Lowe Pass—y | High Pass Low Pass ™% ZT'DP}H/‘ 1. 1.51
Linkwitz-Riley 2nd Order |Flat v | [order2 (12081 + |
Type Type
Butterwaorth J |Lil1k\'-'i‘lZ—Hi|&y ﬂ | [N =1
M, 3.FRQ b ==| 222|SPL File: 1DOME3.FRQ
436uH Target as network ¥ EI.FF‘.Q 30| ] 2 £ & o e toomeirae
* Basic LF HE
7 BOUF - " Attenuation 0.0 dB NUM
-|- C li Hz

FX




2-way cross over optimized for flat response.
But Impedance is too low! (~2R)

#] 2-way DEMO low Z.fbx - FINE X-over - \ @Elé_J
File View Settings Unit Details MNetwork Target Optimisation  Power  Help
D E & &N ?
T E 2 EE e el
Display - Totals 100 a0 |
[ Total SPL Mag |
| Total SPL Phase
| Total Imp. Mag a0 —= iy 30
Tatal Imp. Phaze | / /
Taot. Target SPL Mag | @ / Ohms
Tot. Target Imp. Mag | &80 | - 0 T T +1gg
= |
| o . /f \:“‘ / | L, | : l b Phase
Total (dB) "8 ~ 1 BN \ | N il ¥ (dea.)
Unit Del = },L/ — i ] Y s
nit Delay ——
i l zﬁ;’| \‘\L H"“v}‘ | N ——-*JT’T'
{ Mo delay = I J | e P | ____,..-"'r \i |
) No delay 10.0 20.0 50.0 100 200 f(Hz) 500 100k  2.00k 500k 100k 200k -180
e - =
From UP From UP
o 250ut o {eom 16.0uF 15.0uF
(S00mR)
+ +
g2.0uF L ZTI:ILIH/g'
’r-
pa-s-gmﬁ.;a'c”'at'”” GBIJmR/H/' 2020 211w
70 100V |
Win (rms) o a
16733 |2.83V = || =2 =1
; #==| 2|5PL File: SKO130-5PL.TXT ; #==| 2|5PL File: T26AG.FRQ
Zin {nomy} ﬂﬂﬂJﬂlmn. File: 5K0130-Imo.FRQ ﬂﬂﬂJﬂlmn. File: T26AG-/mp.FRQ
4000 100mv LF | HF L |
MU

Ready



2-way Cross over circuit now optimized also for impedance Z

5
System Optimisation I,-s-:h,l
IE X-over i, N =
Au:l.Just the frequency range for uptlmlsatlun S~ TR —r —
uging the curzor controle on the main response
window.
¥ Consider SPL 2
[+ Relax stop band error 40 .
[ Shape more important than level '
| Consider nhaze errors
el Consider low Impedance
impedance - an
[ Exclude data between... - \{fp
nn nn Ohms
| 0.0 = & 0.0 = Hz X /
20
Optimise Undo | Close | 7 /|x\ A i r +180
AR ) i L |~. A Phase
) J// \ — / | T, | | BR] (deq.)
—— T Al 4 — | IHE LT 10
nit Delay ]'/ \\ e \/ . - 0
i | — - _,Jf"*’f- v lr'T
e
d Mo delay 1 /1 | = \| J "~.,| .
g0 . L
) No delay 100 20.0 50.0 100 200 f(Hz) 500 100k 200k 5.00k 10.0k 20.0k -130
o O . #' Ir Ir
From{® 360uH Fromi® L eon =./1InuF 1':3{uuF
(500mR) : - :
+ +
27. RS 220”%
/’-
Fower Calculation - 19.5W 1,480
Power (nom) 1"DR/H/ = )
70.000 100V |
Yin (rms} o o
16733 |2.83V — Y | N -
; #=x| 222|SPL File: SKO130-5PLTXT : ==| 222|SPL File: T26AG.FRQ
Zin {nomy} EEEJ == | |mp. File: SKO130-Imo.FRQ MEEJ = | |mp. File: T25AG-Imo.FRQ
4000  100mv LJLJ LF W
MU

Ready



2-way cross over further optimized with unit delay for linear phase
r'm 2-way DEMO low Z-optimized.fox - FINE X-over 4 \ l':' Ehi&_'

File VWiew Settings Unit Details Metwork Target Optimisation Power Help
DN0eEed & &5 2
L R T R =

Display - Totals 100 40 I
[ Tatal SPL Mag 1
| Total 5PL Phase
| Totallmp. Mag ag —====::=K s 30

Tatal Imp. Phaze | rl - ‘___,-"""f
Ohms
Tat. Target SPL Mag | E \
Tat. Target Imp. Mag | a0 | "! -

I~ [ A +180

| @L /.‘ Ty / | \\ ’ Ph
— (dB) /J/ / ' \ | | fdggﬁ
/, - — | I i, 10

i

-
-]
Unit Delay = A == ~ I G 0
ST 7 =5
/ :| — ¥ T'/ b ]
5087 us/ r ——
«fll Zitomm de J,f' Ty y T —
a0 L
) No delay 10.0 20.0 50.0 100 200 f(Hz) 500 100k 200k 500k 10.0k 200k -180
- =
From I'P From I'P
360uH 1.30R 4300F 15.0uF
(500mR)
+ +
33.0uF L 430u%
’r-
Power Calculation 18.9W 1.41W
Power (nom) Z'UDR/H} T ’
70.000 133v|
Win (rms)
16733 283V - | -
; #==| 22| SPL File; SKO130-SPL.TXT ; #==| 22| SPL File; T26AG.FRQ
Zin {nom} ﬂﬂﬂJﬂlmn. File: K01 30-Imp.FRQ ﬂﬂﬂJﬂlmn. File: T26AG-Imp.FRQ
4000  100mV MLJ LF  HF

Ready MNUM



Loudspeaker Measurement Examples

Some examples from using modern
measuring methods
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The swept sine / FFT technique makes
it simple to get accurate frequency R+D))
responses in normal rooms

R0 Woofer in Baffle.frd - FINE R+DJ)) [E=R =

File  Currrent Curve View Tools Settings Help

s s et e g |de b = R SS

Measure Measure

z |imp. spL| SPL SPL+imp.

16cm Wooler in Baffle [2.83V/1m] Time
16cm Woofer in Baffle [2.83¥{1m]
16cm Yoofer in Baffle [2.83¥1 m)-30deg

16cm Woofer in Baffle [2.83V/1 m)-60deg

16cm Wooler in Batfle 10cm

NI

N A

16cm Wooter in Baffle - Nearfield

16cm YWoofer in baffle - Impedance

16cm Woofer in free air - Impedance

I Measure / Save

d _Read Fil [Drop |

. Time Save Fie (T)
e ST

e

Initial Delay
Samples
1667
ms P on
Delay

dBre 1V Input Attenuation dB Mormalize SPL Measurements to ...
Output Voltage 1.00 RIS - Vrms 2.823 3.010dB  — =
— Rect.
Distance 1000 [ERE]  so [ ) s

T

Smoothing

1/12 Octave



The time difference T between the

direct and the reflected sound  must
- be large in order to measure low
frequencies: F min=1/T (Hz)

In a small room T can be T i’
Increased by moving the
microphone closer.

This curve measured at
1V/50cm was normalized e
to 2.83V/1m

(=Industry standard)

OO dB re 1V Input Attenuation dB Normalize 5PL Measurements to ...
Wl & @ ® ® O ® @ ® Vs 2.328 3.010d8
0 10 20 30 40 50 60 70 Distance woo YR o [




LF Near fleld measurements:

Near field measurements will measure all low frequencies. However
since these are really pressure responses it is necessary to
compensate for the differences due to distance and piston size.

Total response , combined
by far field and near
field . Spliced @ 473 Hz

Bass reflex response
complex addition of
woofer and port .Auto
compensated for area
differences




Harmonic distortion is useful. However
the waterfall provides more information

The 1-3rd harmonics are
high @ 800 Hz.

[<N<B<§<Q<§<W<Q<y<]
g o @ o

Cosin

Calculation

The waterfall shows a strong
reflection @ 800 Hz and a
decaying resonance @ 4 kHz



The curtain shows the reflection @ 800 Hz in detalil

Load { Display

(Drop]
View Mode E

View Zoom

High Res.

Cosine Window Qut
Apply Samples

Waterfall

Calculation

Samples Time




Replacing old (DOS) Measuring systems
New System: (C++)

il

E——

No Win 7 or 8 (+ 64bit)

|

No Amplifier

—— __

Windoews 7 / 8 -
64bit
THD + 2-9th

Test: 1see
Golden Average
Best Rub & Buzz

25W Amplifier
SPL-Hmp direct




Challenges in Speaker QC Testing

A few notes about Speaker End of Line

Quality Control in today’s high speed
production.
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Which parameters should be tested to
ensure good speakers and especially
micro speakers, in production?

00 o.
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g B 1111111
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x dB freq. band

Use statistics to find The Golden Average (REF)

Decide response deviations as: Sensitivity and +/

< >
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Example: Two rejected woofer responses imported into FINE X-over.
Red  outside frequency tolerance. Blue low sensitivity

L | 2-way with Woofer response variations.fbx - FINE X-over E]@
File View Settings UnitDetails Metwork Target Optimisation Power Help
e d & & 7
W R EE e e
Display - Totals 100, 40
| Total SPLMag
Total SPL Phase | T o —Q? = NE
[ Total Imp. Mag 90 -~ = V\_‘ 30
Tatal Imp. Phaze | ‘/ Imo.
Tat, Target SPL Mag | =] /f (Ohms)
Tat. Target Imp. Mag | a0 +1§g
[ Tatal Off-asis SPL (=] // Phase
p— (deq.)
Tatal -‘//’ / \\\ 10
- 70 7 ey
Unit Delay pe A \\‘ / 0
SPL T el — i =]
Mo delay (dB)
0
&0 ) -180
) No delsy 10.0 200 50.0 100 200 f{Hz) 500 1.00k 2.00k 5.00k 10.0k 20.0k
ya o= AF A
From VP 4.40mH 54 0uH From /P &
(200mR) 200mA) 8.80R 33.0uF 7 OuF
+ +
22.0uF " 10.0uF L 180uH
Fan Fan :z:u:urrﬂ/g‘
Power Calculation 2.40R 17 OW 118w
Power (nom} /H/‘
| s0.000 100V |
in (rms) o o
15,492 [2.83V L || = -]
= SFPL File: 8in Woofer SPLZ2, OK lab E=" SPL File: 1in Twester SFL.1ab
Zin (nom) EEEJ ﬁ Imp. File: Gin Woofer Imp, CK.lab EEEJ ﬁ Img. File: 1in Twester Imp.lab
4.000 100mv LJLJ LF HF
Ready MUM




It is vital to find Rub & Buzz especially for micro speakers.
This cannot be detected with conventional methods like
THD, high harmonics or IM distortion.

[Files  W|[PRINT ]| |[End Test |

|

“FINEQc™E

FINE QC™EJB

Type S18x13
Lot - Batch 3
Serial No. : 88
Customer :130618
Pcs Teste: 88

Pcs OK 77

in ForGrand box
Micro-setup

Rub and Buzz

Operator Panel

Retest Ser No.: 88

Single/Re-Test O

Measure Ser No.:

R&BActive A




How can Rub & Buzz be tested reliably?

Danish F. Leonhard derived in 1993 a new model for auditory
perception based on mathematical and physical phenomena that
correspond very much to how the human ear perceives sound.

A later detection method based on the Danish research principles
uses a completely new protected algorithm to find the annoying
sounds, which cannot be detected with conventional methods like
THD, high harmonics or IM distortion. Finding fast low level impulses
< -80 dB rel. signal is therefore possible.

FINEQC™ FINEBuzz test setup

Cancel

Scaling

-81.64 dB

Filter Sweep Ratio High Pass F I:l Micro test Low Pass F &[]

(Closed Box only)
Sweep Range From (Hz) 7.50 To (Hz) 23000.00 Limit (Max dB over
Display Range From (Hz) To (Hz) Ly Adjust single point

TestRange From (Hz) (34N 4561 .4 dB Over Ret 8.00




How Accurate are Speaker Simulations?

Some results from AES 126t
Loudspeaker FEA/BEM Workshop
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AES 126" lLoudspeaker FEA/IBEM Workshop
FINEMotor simulated TS parameters versus measured

(Klippel)

Measurement in Vacuum

TS Parameters

In air In vacuum
Sensitivity (283VA1.00m) [SPL |  7972[dB |
Elzctrical Paramekers Electtical Paramakzrs : =
VC Resistance DCR Re |  7.00|0hms -
LRB 713 Chm R= F.04 b 161.00 FINEMotor Prediction
: PP e S chanic of TS Parameters
¥ 0181 e ¥ IRC R T | | =chanical Oms |  400] |
R2 L84 Chmn Rz 1.9 Il | Electrical ges | 127 |
Cires 18202 uF Cries RCCNCNl Total_____ Jate | 096] | EESHESSN
Lees o o e A il | | Equivalent air vol Vas |  025]1 |
Res 21.14 T Res 18,93 Jhrm — ' ' Flux Contour wframe Bn500. b
: el | b OB (Compiance ——— oms | 077 mmin |
Moving Mass(incl. air) Mms |
Mzchanical Paramesters Medhanical Paramsters Force Factor
e i * Eff. diaphragm area .
s S w SOII | Cn Excurson=- [Xmin | 087 [mm
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FINEMotor simulated BL(x) versus measured (Klippel)

Dominant Nonlinearities: Bl(x) |

Measured by using the LSl module

Force factor BI (X)
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XBI=1.3 mm @ Blmin=82 % (10 %
intermodulation distortion in SPL,
mainly 3rd-order)

o0 %

FINEMotor BL(x) Calculation

Predicted by FINEMotor:

XBL @ 82% BLmin =1.35mm.

The shape and symmetry of the BL(x)
curve is extremely close to that measured
by Klippel
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AES 126" L.oudspeaker FEAIBEM Workshop
FINECone FEA versus measured response
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