
Tech Talk
Pro Audio Transducer Design

Woofer design goals, and techniques to evaluate whether we’ve met them.

We have tested a lot of woofers and materials! 180 closed projects / year.

	 Simulation helps, but in the end must test… to destruction. Repeatedly.

Very physical in the end. Woofers are made of basic materials… cloth, paper, and metal.



Then vs. Now
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Some mode ls may be exported under the name Amcron.®

�f Full-range loudspeakers
�f Subwoofers
�f Large-scale touring systems
�f Arenas & concert halls
�f Stadiums & open-air events
�f DƵůƟͲǌŽŶĞ�ǀĞŶƵĞƐ�Θ�ůŝǀĞ�ĐůƵďƐ

POWERSOFT.COM

X4L
��%JCPPGN�*KIJ�2GTHQTOCPEG�#ORNKƒGT�2NCVHQTO

The X4L has been designed to deliver 
the output voltage required by the 
ůĂƚĞƐƚ� ŐĞŶĞƌĂƟŽŶ� ŽĨ� ŚŝŐŚ� ƉĞƌĨŽƌŵĂŶĐĞ�
loudspeakers.

WŽǁĞƌƐŽŌ Ɛ͛� ůĞŐĞŶĚĂƌǇ� ƉŽǁĞƌ� ƐƵƉƉůǇ�
is suitable to Single Phase, Bi-Phase or 
dŚƌĞĞ�WŚĂƐĞ�ŽƉĞƌĂƟŽŶ�ĨƌŽŵ�ϴϱ�s���ƵƉ�ƚŽ�
ϰϲϬ�s���ǁŝƚŚŽƵƚ�ŶĞĞĚ�ŽĨ�ƐĞůĞĐƟŽŶ͘�

dƌƵĞ� dŚƌĞĞ� WŚĂƐĞ� ůŽĂĚ� ďĂůĂŶĐŝŶŐ� ŝƐ�
ĚŝƌĞĐƚůǇ�ĂĐŚŝĞǀĂďůĞ�ǁŝƚŚŽƵƚ�ĂŶǇ�ĐŽŵƉůĞǆ�
ůŽĂĚ�ĂƐƐŝŐŶŵĞŶƚ�ŝŶ�ƚŚĞ�ƉŽǁĞƌ�ĚŝƐƚƌŝďƵƟŽŶ�
ƐǇƐƚĞŵ͘�WŽǁĞƌƐŽŌ�yϰ>�ƉƌŽǀŝĚĞƐ�ĨŽƵƌ�ĨƵůůǇ�
ƉƌŽĐĞƐƐĂďůĞ� ĐŚĂŶŶĞůƐ� ĂŶĚ� ƐĞůĞĐƚĂďůĞ�
ŝŶƉƵƚƐ� ĨƌŽŵ� ĂŶĂůŽŐ� ƐŽƵƌĐĞƐ� ĂƐ� ǁĞůů� ĂƐ�
ĚŝŐŝƚĂů���^ϯ�ĂŶĚ�ƚǁŽ�ƌĞĚƵŶĚĂŶƚ��ĂŶƚĞΡΎ�
ƐƚƌĞĂŵƐ͘�

�ŚĂŶŶĞů� ŵŝǆŝŶŐ� ĂŶĚ� ƌŽƵƟŶŐ� ĐĂŶ� ďĞ�
ĞĂƐŝůǇ�ƉĞƌĨŽƌŵĞĚ�ƚŚĂŶŬƐ�ƚŽ�ƚŚĞ�ŝŶƚĞŐƌĂƚĞĚ�
ůŽǁ� ůĂƚĞŶĐǇ� �^W͕ � ƉƌŽǀŝĚŝŶŐ� ƚŚĞ� ŚŝŐŚĞƐƚ�
ĚĞŐƌĞĞ�ŽĨ�ĨƌĞĞĚŽŵ�ŝŶ�ƐŽƵŶĚ�ƐŚĂƉŝŶŐ�ĂŶĚ�
ƐƉĞĂŬĞƌ�ŵĂŶĂŐĞŵĞŶƚ͘�

&Ƶůů� ƐƵƉƉŽƌƚ� ŽĨ� ϭϬϬ� DďƉƐ� ĂŶĚ�
'ŝŐĂďŝƚ� �ƚŚĞƌŶĞƚ� ŵĂŬĞƐ� ŝƚ� ĞĂƐǇ� ƚŽ�
ŝŶƚĞŐƌĂƚĞ�WŽǁĞƌƐŽŌ�yϰ>�ŝŶƚŽ�ĂŶǇ�ĞǆŝƐƟŶŐ�
ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͘� �ŽŵƉůĞƚĞůǇ� ŝŶƚĞŐƌĂƚĞĚ�
ŝŶƚŽ� �ƌŵŽŶşĂWůƵƐΡ͕� ƚŚĞ� WŽǁĞƌƐŽŌ� yϰ>�
ŝŶƚĞƌĨĂĐĞ�ŝƐ�ĂůƐŽ�ĂǀĂŝůĂďůĞ�ĨŽƌ�ƐŵĂƌƚƉŚŽŶĞ�
ĂŶĚ�ƚĂďůĞƚ͕�ƉƌŽǀŝĚŝŶŐ�Ă�ŶĞǁ�ĞǆƉĞƌŝĞŶĐĞ�ŝŶ�
ƉŽǁĞƌ�ŵĂŶĂŐĞŵĞŶƚ͘�

�f /ŶŶŽǀĂƟǀĞ�ƉŽǁĞƌ�ƐƵƉƉůǇ�ĚĞƐŝŐŶ
�9 �̂ ƵŝƚĂďůĞ�ĨŽƌ�^ŝŶŐůĞͲWŚĂƐĞ͕��ŝͲWŚĂƐĞ�Žƌ�dŚƌĞĞͲWŚĂƐĞ�ŽƉĞƌĂƟŽŶ�
ĨƌŽŵ�ϴϱ�s���ƵƉ�ƚŽ�ϰϲϬ�s��͕�ƚŚĞ�yϰ>�ƉŽǁĞƌ�ƐƵƉƉůǇ�ƉƌŽǀŝĚĞƐ�
ŵĂǆŝŵƵŵ�ŇĞǆŝďŝůŝƚǇ�ĂŶĚ�ǀĞƌƐĂƟůŝƚǇ�ŝŶ�ĂŶǇ�ƉŽǁĞƌ�ĚŝƐƚƌŝďƵƟŽŶ�
design. 
�9 WŽǁĞƌ�>ŽĂĚ��ĂůĂŶĐŝŶŐ�ǁŝƚŚ�WŽǁĞƌ�&ĂĐƚŽƌ��ŽƌƌĞĐƟŽŶ�ĞŶŚĂŶĐĞƐ�
ĞĸĐŝĞŶĐǇ�ŝŶ�ƉŽǁĞƌ�ĚŝƐƚƌŝďƵƟŽŶ͘�
�9 ^ŵĂƌƚ�ZĂŝůƐ�DĂŶĂŐĞŵĞŶƚ�ŝŶĐƌĞĂƐĞƐ�ĞĸĐŝĞŶĐǇ�ďǇ�ŵĞĂŶƐ�ŽĨ�ƚŚĞ�
ĚǇŶĂŵŝĐ�ƌĂŝůƐ�ŵŽĚƵůĂƟŽŶ͘�
�9 ŚĞ�ůĞŐĞŶĚĂƌǇ�WŽǁĞƌƐŽŌ�'ƌĞĞŶ��ƵĚŝŽ�WŽǁĞƌΠ�ƚĞĐŚŶŽůŽŐŝĞƐ�
ŝŵƉƌŽǀĞƐ�ĞĸĐŝĞŶĐǇ�ĂŶĚ�ŵŝŶŝŵŝǌĞƐ�ƚŚĞ�͚ĐĂƌďŽŶ�ĨŽŽƚƉƌŝŶƚ͛�ĂŶĚ�
ƚŚĞ�ŽƉĞƌĂƟŽŶĂů�ĐŽƐƚƐ͘

�f EĞǁ�ƐƚĂŶĚĂƌĚ�ŽĨ�ƋƵĂůŝƚǇ�ĂŶĚ�ƵƐĂďŝůŝƚǇ
�9 &ůĞǆŝďůĞ�ƌŽƵƟŶŐͬŵŝǆŝŶŐ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�ŝŶƚĞƌŶĂů�ϰǆϰ�ŝŶƉƵƚͬ
ŽƵƚƉƵƚ�ŵĂƚƌŝǆ͕�ĂůůŽǁƐ�ƚŚĞ�ƵƐĞƌ�ƚŽ�ŵŝǆ�ĂŶĚ�ƌŽƵƚĞ�ĂŶĂůŽŐ�ĂŶĚ�
ĚŝŐŝƚĂů�/ͬK͘
�9 �ĂƐǇ�ƉůƵŐͲĂŶĚͲƉůĂǇ��ĂŶƚĞΡΎ�ŶĞƚǁŽƌŬŝŶŐ�ĂůůŽǁƐ�ĞĂƐǇ�ƌŽƵƟŶŐ�ŽĨ�
ƚŚĞ�ƐŝŐŶĂů�ĨƌŽŵ�ĂŶǇ�ŶŽĚĞ�ǁŝƚŚŝŶ�ƚŚĞ�ŶĞƚǁŽƌŬ�ƚŽ�WŽǁĞƌƐŽŌ�yϰ>͘
�9 ϰ�ŝŶƉƵƚ�ĐŚĂŶŶĞůƐ�ǁŝƚŚ�ƉŚǇƐŝĐĂů�ĂŶĂůŽŐ�ĂŶĚ�ĚŝŐŝƚĂů���^ϯ�ĐŽŶŶĞĐ-
ƚŽƌƐ�ĂŶĚ�ƌĞĚƵŶĚĂŶƚ��ĂŶƚĞΡΎ�ĐŽŶŶĞĐƟŽŶ�ƉƌŽǀŝĚĞ�ŵĂǆŝŵƵŵ�
ŇĞǆŝďŝůŝƚǇ͘
�9 /ŵƉƌŽǀĞĚ�ƌĞůŝĂďŝůŝƚǇ�ƚŚĂŶŬƐ�ƚŽ�ƚŚĞ�ĐƵƐƚŽŵŝǌĂďůĞ�ŝŶƉƵƚ�ďĂĐŬƵƉ�
ƉŽůŝĐǇ�ƚŚĂƚ�ĂůůŽǁƐ�ƚŽ�ĂƵƚŽŵĂƟĐĂůůǇ�ƐǁŝƚĐŚ�ŝŶƉƵƚ�ƐŽƵƌĐĞ�ŝŶ�ĐĂƐĞ�
ŽĨ�ƐŝŐŶĂů�ĨĂŝůƵƌĞ͘
�9 �ŽŵƉůĞƚĞ�ƵƐĞƌ�ŝŶƚĞƌĨĂĐĞ�ŝŶƚĞŐƌĂƚĞĚ�ŝŶƚŽ��ƌŵŽŶşĂWůƵƐΡ͘
�9 tŝ&ŝ�ƌĞŵŽƚĞ�ŵŽŶŝƚŽƌŝŶŐ�ƚŚƌŽƵŐŚ�ŵŽďŝůĞ�ĚĞǀŝĐĞ͘

�f Highly integrated
�9 dŽƉͲŐƌĂĚĞ��^W�ǁŝƚŚ�ŚŝŐŚ�ĚǇŶĂŵŝĐ�ƌĂŶŐĞ�ĂŶĚ�ĞǆƚĞŶƐŝǀĞ�ĨĞĂƚƵƌĞ�
set.
�9 DƵůƟͲƐƚĂŐĞ�ƐŝŐŶĂů�ƉƌŽĐĞƐƐŝŶŐ͗�ŝŶŶŽǀĂƟǀĞ�ƐŽůƵƟŽŶƐ�ĨŽƌ�ŵŽĚĞůŝŶŐ�
speakers behavior and power handling.
�9 /ŶƉƵƚ�ĂŶĚ�ŽƵƚƉƵƚ�//Z͕�&/Z͕�//Zн&/Z�ĞƋƵĂůŝǌĞƌƐ�ĂŶĚ�ƌĂŝƐĞĚͲĐŽƐŝŶĞ�
ĮůƚĞƌƐ͘
�9 �ŽŵƉůĞƚĞ�ƐĞƚƐ�ŽĨ�ůŝŵŝƚĞƌƐ͗�ƉĞĂŬ͕�ZD^�ǀŽůƚĂŐĞ͕�ZD^�ĐƵƌƌĞŶƚ͕�ĂŶĚ�
dƌƵĞWŽǁĞƌΡ͘
�9 �ŽŵƉĞŶƐĂƟŽŶ�ŽĨ�ƚŚĞ�ƐƉĞĂŬĞƌ�ĐĂďůĞ�ůŽƐƐĞƐ�ǁŝƚŚ��ĐƟǀĞ�
�ĂŵƉŝŶŐ�ŽŶƚƌŽůΡ͘

�f �ǀĞŶ�ŵŽƌĞ�ƌĞůŝĂďůĞ
�9 &Ƶůů�ƉƌŽƚĞĐƟŽŶ�ĐŝƌĐƵŝƚƌǇ͗�ŽǀĞƌͬƵŶĚĞƌ����ǀŽůƚĂŐĞ͖�ƚƌŽƵďůĞƐŽŵĞ�
ƐŝŐŶĂůƐ�;ĐůŝƉƉŝŶŐ͕�s,&͕ �ůŽŶŐͲƚĞƌŵ�ZD^Ϳ͖���͖�ƚŚĞƌŵĂů͖�ƐŚŽƌƚ�
ĐŝƌĐƵŝƚ͖�ŵƵƚĞ�Ăƚ�ƉŽǁĞƌ�ŽŶͬŽī͘

* DANTE version only

305Wpc @ 4Ω

8,400Wpc @ 4Ω

DC300 from 1967, so 51 years between it and X4L and ≈ 28x increase in power output.

Plus 1/2 the height, twice as many channels, DSP, limiting, networking… you name it.

DC300 was $1 / watt then ($685 in 1967, $5,300 now). X4L is around 58¢ / watt now.



Then vs. Now
D130 15FW76

Fs 40 Hz 40 Hz

Re 6.3Ω 5.1Ω

Qts 0.25 0.21

Vas 297.3 L 138.0 L

Le 0.6 mH 1.4 mH

Mms 60 g 117 g

Bl 18.0 Txm 26.2 Txm

Xmax 6.3 mm 7.0 mm

Power 75 W 500 W

JBL D130 c. 1955 B&C 15FW76 c. 2015

T-S parameters don’t capture 60+ years of innovation, mostly what happens once the cone moves.

Fed the same amp output the D130 will quickly catch fire and/or shake apart - paper former!

Modern coils can handle 330°C, forced air cooling helps a lot, suspension aging really stable.

Clearly something has improved: modern woofers drive modern amp requirements, and vice versa.

	 But those improvements are not reflected in woofer spec sheets.



• Defined in 1960s by Thiele


• Brought to international 
attention in 1970s by Small


• Model of small-signal 
loudspeaker behavior


• For calculating resonant 
systems before computers, 
measurement, EQ.

Thiele-Small Parameters
A. Neville Thiele Dr. Richard H. Small

What are these things anyway, and why are they used to evaluate woofers? History lesson.

Designed to model woofers at small signal and near resonance. Invalid at more than 1W or a few hundred Hz.

	 Even 1W could be too much in some cases, coil must be stationary.

Calculate box / woofer combo for desired voltage sensitivity response.



• Mms – Mass of moving parts, 
including air load.


• Cms – Compliance of suspension.


• Re – DC resistance of the voice coil.


• Bl – Magnetic field strength (B) 
multiplied by length of wire (l) - in the 
gap.


• Fs – Resonance frequency of woofer.


• Qts – Total Q of the driver at Fs.

Key T-S Parameters

T-S model is matched to a measured impedance curve.

For our data we use an average of several woofer responses with different component batches, after break in.

Note what’s not on the list: Xmax, Power Handling, Sensitivity, Distortion… none are T-S parameters.



T-S Parameters are Linked

• Can’t just reduce Mms. Need sturdy cone for durability, damping.


• Can’t just increase Cms. Need stiff suspension to keep coil in gap.


• Can’t just lower Fs without increasing Cms or adding Mms.


• Can’t just lower Vas without decreasing Cms or increasing Bl.


• Can’t just increase Bl or Xvar, they are expensive and in some cases may 
not be technically feasible.

Woofers are a balance of cost, size, weight, and performance.

Many “desired” parameter changes make the woofer less durable or sound worse!

Aiming for a specific voltage sensitivity response ignores many mechanical constraints.



Everyone wants flat response

Nobody wants to pay (EQ)!

In Old Days was very hard to get flat response… no measurement gear or EQ available!

T-S provided equations that solve to desired response (by hand!) by adjusting driver or enclosure.

Focused on sensitivity: very low amp rails and no EQ available, need every volt to count.

	 Not a problem today (usually) with free EQ and high voltage output amps.



B&C Woofer Design Philosophy

Both are pistons. Build a higher performance piston (more linear travel, better cooling, lighter without breaking, more motor strength) get a higher performance “engine”.

Focus on behavior at full throttle, not with engine off. Design for extremes, not T-S parameters at rest!



MAGNETIC
GAP

VOICE COIL

MAGNET

FORMER

Cross section of modern ceramic woofer motor with coil (cone & suspension excluded)

Mechanical system keeps coil centered in gap.

	 Provides some restorative force at high excursion, where Bl is low.

Electrical system drives coil, and provides majority of coil control. More Bl = better control.



MAGNETIC
GAP

VOICE COIL

MAGNET

FORMER

Measure critical 
parameters vs. coil 

position and work to 
stabilize.

Bl(x) is force seen by coil as it moves from coil in (left), through rest, to coil out (right).

All parameters change w/coil position, how much is critical and not included in T-S params.

Xvar much more reliable than Xmax, includes Bl and Kms limits, use it for excursion limit evaluation.



KLIPPEL ANALY=ER SYSTEM

DHWDLOHG RHSRUW
LDUJH SLJQDO IGHQWLILFDWLRQ (LSI)

DULYeU NaPe: VSeaNeU 1 cRPSOeWR

DULYeU CRPPeQW:

MeaVXUePeQW: 3 - LSI eVWeVR 18TBX100-8 (08 RWWRbUe 2018)

MeaVXUePeQW CRPPeQW:

NRQliQeaU PaUameWeUV

HTML ReSRUW - KOLSSeO GPbH

1 Rf 12 10/10/2018, 10:23 AM

PRZeU SeUieV E[SanViRn

S\PbRl NXPbeU UQiW CRPPeQW

Displacement Limits thresholds can be changed in Processing property
page

X Bl @ Bl min=50% 11.7 mm Displacement limit due to force factor variation
X C @ C min=50% 10.8 mm Displacement limit due to compliance variation
X L @ Z max=10 % 7.8 mm Displacement limit due to inductance variation
X d @ d2=10% 45.1 mm Displacement limit due to IM distortion (Doppler)

Asymmetry (IEC
62458)
Ak 15.69 % Stiffness asymmetry Ak(Xpeak)
Xsym -0.18 mm Symmetry point of Bl(x) at maximal excursion

Thermal Parameters
alpha 0.568450 Heating of voice coil by eddy currents

alphaOrg Heating of voice coil by eddy currents (without
limits)

Rtv 0.912169 K/W thermal resistance coil ==> pole tips
rv 0.701551 Ws/Km air convection cooling depending on velocity
Rtm 0.308428 K/W thermal resistance magnet ==> environment
tau m 38 min thermal time constant of magnet
Ctm 7396.443848 Ws/K thermal capacity of the magnet
tau v 26.823231 s thermal time constant of voice coil
Ctv 29.405998 Ws/K thermal capacity of the voice coil

Thermal State

HTML Report - Klippel GmbH

2 of 12 10/10/2018, 10:23 AM

K0 = KPV (X=0) N/PP FRQVWDQW SDUW LQ VWLIIQHVV
K1 0.0062631 N/PP^2 1VW RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ
K2 0.035929 N/PP^3 2QG RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ
K3 -0.00033060 N/PP^4 3UG RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ
K4 5.2061H-006 N/PP^5 4WK RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ

I1 -0.002104 1/A FRHIILFLHQW (1) RI L(I) IQGXFWDQFH RYHU FXUUHQW (IOX[
PRGXODWLRQ)

I2 -0.000120 1/A^2 FRHIILFLHQW (2) RI L(I) IQGXFWDQFH RYHU FXUUHQW (IOX[
PRGXODWLRQ)

XSVH 15.0 PP -XSVH < X < XSVH, UDQJH ZKHUH SRZHU VHULHV LV
ILWWHG
 PDUDPHWHUV IRU AXUDOL]DWLRQ DYDLODEOH.

DeriYed Loudspeaker Parameters

HTML RHSRUW - KOLSSHO GPEH

4 RI 12 10/10/2018, 10:23 AM

LineaU PaUameWeUV

S\mbRl LaUge +
WaUm

LaUge +
CRld

Small
Signal UniW CRmmenW

NRWH: IRU DFFXUDWH VPDOO VLJQDO SDUDPHWHUV, XVH
LPM PRGXOH

DHOWD 7Y =
7Y-7D 130 0 0 K LQFUHDVH RI YRLFH FRLO WHPSHUDWXUH GXULQJ

WKH PHDVXUHPHQW 

;SURW 15.0 15.0 2.5 PP PD[LPDO YRLFH FRLO H[FXUVLRQ (OLPLWHG E\
SURWHFWLRQ V\VWHP)

5H (7Y) 7.53 5.04 5.04 OKP
(LPSRUWHG) YRLFH FRLO UHVLVWDQFH

FRQVLGHULQJ LQFUHDVH RI YRLFH FRLO
WHPSHUDWXUH 7Y

LH (;=0) 1.59 1.59 1.35 PH YRLFH FRLO LQGXFWDQFH DW WKH UHVW SRVLWLRQ
RI WKH YRLFH FRLO

L2 (;=0) 3.33 3.33 2.08 PH SDUD-LQGXFWDQFH DW WKH UHVW SRVLWLRQ GXH WR
WKH HIIHFW RI HGG\ FXUUHQW

52 (;=0) 6.57 6.57 6.08 OKP UHVLVWDQFH DW WKH UHVW SRVLWLRQ GXH WR HGG\
FXUUHQWV

CPHV
(;=0) 757 757 466 �F HOHFWULFDO FDSDFLWDQFH UHSUHVHQWLQJ

PRYLQJ PDVV

LFHV (;=0) 82.84 82.84 56.34 PH HOHFWULFDO LQGXFWDQFH DW WKH UHVW SRVLWLRQ
UHSUHVHQWLQJ GULYHU FRPSOLDQFH

5HV (;=0) 76.78 76.78 43.54 OKP UHVLVWDQFH DW WKH UHVW SRVLWLRQ GXH WR
PHFKDQLFDO ORVVHV

4PV (;=0,
7Y) 7.34 7.34 3.96 PHFKDQLFDO 4-IDFWRU FRQVLGHULQJ 5PV

RQO\

4HV (7Y) 0.48 0.32 0.46 HOHFWULFDO 4-IDFWRU FRQVLGHULQJ 5H (7Y)
RQO\

4WV (;=0,
7Y) 0.45 0.31 0.41 WRWDO 4-IDFWRU FRQVLGHULQJ 5H (7Y) DQG

5PV RQO\
IV 20.1 20.1 31.1 H] GULYHU UHVRQDQFH IUHTXHQF\

MPV 288.693 288.693 J PHFKDQLFDO PDVV RI GULYHU GLDSKUDJP
DVVHPEO\ LQFOXGLQJ YRLFH-FRLO DQG DLU ORDG

5PV (;=0) 4.967 4.967 13.087 NJ/V PHFKDQLFDO UHVLVWDQFH RI WRWDO-GULYHU
ORVVHV

CPV (;=0) 0.22 0.22 0.10 PP/N PHFKDQLFDO FRPSOLDQFH RI GULYHU
VXVSHQVLRQ DW WKH UHVW SRVLWLRQ

KPV (;=0) 4.60 4.60 10.11 N/PP PHFKDQLFDO VWLIIQHVV RI GULYHU VXVSHQVLRQ
DW WKH UHVW SRVLWLRQ

BO (;=0) 23.87 23.87 23.87 N/A (LPSRUWHG) IRUFH IDFWRU DW WKH UHVW SRVLWLRQ
(BO SURGXFW)

9DV 448.4082 448.4082 204.1370 O HTXLYDOHQW DLU YROXPH RI VXVSHQVLRQ
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N0 0.724 1.082 1.281 % UHIHUHQFH HIILFLHQF\ (2PL-VU UaGLaWLRQ
XVLQJ RH)

LP 90.7 92.5 93.2 GB FKaUaFWHULVWLF VRXQG SUHVVXUH OHYHO

SG 1210.00 1210.00 1210.00 FPð GLaSKUaJP aUHa

TemSoUal VaUiaWionV of Whe SWiffneVV K06(W, [=0)

TemSoUal VaUiaWionV of Whe Voice Coil ReViVWance 5E(W)

HTML RHSRUW - KOLSSHO GPEH
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TUanVdXceU SWaWe

S\PbRO VaOXe UQiW CRPPeQW
6WDUW DDWH  2018-10-08 
6WDUW 7LPH 10:28:10
6HULDO QXPEHU 641

MRGH FLQDO MRGH 7(7)

5HFRUG 3926/3926
LDVHU VLJQDO UHOLDEOH
W 05:30:52 K:PLQ:V PHDVXUHPHQW WLPH
7LPH UHPDLQLQJ 00:00:00 K:PLQ:V UHFDOFXODWHG DW WKHUPDO PRGH(D)

EL (W) 13.7 % HUURU FXUUHQW PHDVXUHPHQW
E[ (W) 2.6 % HUURU ODVHU PHDVXUHPHQW
EX (W) 11.4 % HUURU DPSOLILHU FKHFN

DHOWD 7Y (DHOWD
7OLP) 130.0 (280.0) K LQFUHDVH RI YRLFH FRLO WHPSHUDWXUH (OLPLW)

BOPLQ (BOOLP) 30.1 (30.0) % PLQLPDO IRUFH IDFWRU UDWLR (OLPLW)
CPLQ (COLP) 33.1 (30.0) % PLQLPDO FRPSOLDQFH UDWLR (OLPLW)

P (POLP) 168.4278
(990.000) : UHDO HOHFWULFDO LQSXW SRZHU (OLPLW)

LPLQ 63.1 % PLQLPDO LQGXFWDQFH UDWLR
PQ 229.269100 : QRPLQDO HOHFWULFDO LQSXW SRZHU
P 5H 141.850024 : PRZHU KHDWLQJ YRLFH FRLO
P MHFK 11.745453 : ....
IUPV 4.340 A UPV YDOXH RI WKH HOHFWULFDO LQSXW FXUUHQW

H7ML 5HSRUW - KOLSSHO GPEH
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8UPV 42.827 9 UPV YDOXH RI WKH HOHFWULFDO YROWDJH DW WKH WUDQVGXFHU
WHUPLQDOV

ISHDN 14.692 A SHDN YDOXH RI WKH HOHFWULFDO LQSXW FXUUHQW

8SHDN 160.098 9 SHDN YDOXH RI WKH HOHFWULFDO YROWDJH DW WKH WUDQVGXFHU
WHUPLQDOV

PC 3.49 GB WKHUPDO SRZHU FRPSUHVVLRQ IDFWRU

GODUJH (GPD[) 14.7 (26.0) GB JDLQ RI WKH H[FLWDWLRQ DPSOLWXGH LQFUHDVHG LQ WKH ODUJH
VLJQDO GRPDLQ (PD[LPXP)

MHFK. V\VWHP DEV. LPSRUW XVHG WR LGHQWLI\ PHFKDQLFDO V\VWHP LQ DEVROXWH
TXDQWLWLHV

;GF -0.11 PP GF FRPSRQHQW RI YRLFH FRLO H[FXUVLRQ PHDVXUHG LQ WKH ODVW
XSGDWH LQWHUYDOO

;SHDN 13.33 PP SRVLWLYH SHDN YDOXH RI YRLFH FRLO H[FXUVLRQ PHDVXUHG LQ
WKH ODVW XSGDWH LQWHUYDOO

;ERWWRP -17.05 PP QHJDWLYH SHDN YDOXH (ERWWRP) RI YRLFH FRLO H[FXUVLRQ
PHDVXUHG LQ WKH ODVW XSGDWH LQWHUYDOO

;S+ 13.4 PP XSSHU OLPLW RI GLVSODFHPHQW UDQJH (99% SUREDELOLW\)
;S- -13.1 PP ORZHU OLPLW RI GLVSODFHPHQW UDQJH (99% SUREDELOLW\)

;SURW 15.0 PP PD[LPDO YRLFH FRLO H[FXUVLRQ DOORZHG E\ SURWHFWLRQ
V\VWHP

Y UPV 0.81 P/V YRLFH FRLO YHORFLW\

DLVWRUWLRQ

DE 31.2 % GLVWRUWLRQ IDFWRUV UHSUHVHQWLQJ FRQWULEXWLRQ RI QRQOLQHDU
IRUFH IDFWRU

DO 21.1 % GLVWRUWLRQ IDFWRU UHSUHVHQWLQJ FRQWULEXWLRQ RI QRQOLQHDU
LQGXFWDQFH

DF 14.6 % GLVWRUWLRQ IDFWRU UHSUHVHQWLQJ FRQWULEXWLRQ RI QRQOLQHDU
FRPSOLDQFH

D O(L) 3.7 % GLVWRUWLRQ IDFWRU UHSUHVHQWLQJ FRQWULEXWLRQ RI L(I)
QRQOLQHDULW\

7KHUPDO

R WK WRWDO 0.92 K/: DHOWD 7Y / P RH

VolWage ProbabiliW\ DensiW\ FXncWion Sdf(X)

H7ML RHSRUW - KOLSSHO GPEH
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VolWage XSeaN(W) and CXUUenW iSeaN(W)

Voice Coil TemSeUaWXUe D TV(W) and PoZeU P(W)

H70L 5HSRUW - KOLSSHO GPEH
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DisplacemenW [(W)

DisplacemenW ProbabiliW\ DensiW\ FXncWion Sdf([)
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DiVWoUWion Anal\ViV

RemedieV foU TUanVdXceU NonlineaUiWieV

H7ML 5HSRUW - KOLSSHO GPEH
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What do we use to evaluate woofers if T-S parameters aren’t helpful? Klippel, for one.

12 pages of specs mostly concerned with large signal behavior.

Still doesn’t capture suspension aging or durability! Must test physical sample - to death.



KLIPPEL ANALY=ER SYSTEM

DHWDLOHG RHSRUW
LDUJH SLJQDO IGHQWLILFDWLRQ (LSI)

DULYeU NaPe: VSeaNeU 1 cRPSOeWR

DULYeU CRPPeQW:

MeaVXUePeQW: 3 - LSI eVWeVR 18TBX100-8 (08 RWWRbUe 2018)

MeaVXUePeQW CRPPeQW:

NRQliQeaU PaUameWeUV

HTML ReSRUW - KOLSSeO GPbH
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K0 = KPV (X=0) N/PP FRQVWDQW SDUW LQ VWLIIQHVV
K1 0.0062631 N/PP^2 1VW RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ
K2 0.035929 N/PP^3 2QG RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ
K3 -0.00033060 N/PP^4 3UG RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ
K4 5.2061H-006 N/PP^5 4WK RUGHU FRHIILFLHQW LQ VWLIIQHVV H[SDQVLRQ

I1 -0.002104 1/A FRHIILFLHQW (1) RI L(I) IQGXFWDQFH RYHU FXUUHQW (IOX[
PRGXODWLRQ)

I2 -0.000120 1/A^2 FRHIILFLHQW (2) RI L(I) IQGXFWDQFH RYHU FXUUHQW (IOX[
PRGXODWLRQ)

XSVH 15.0 PP -XSVH < X < XSVH, UDQJH ZKHUH SRZHU VHULHV LV
ILWWHG
 PDUDPHWHUV IRU AXUDOL]DWLRQ DYDLODEOH.

DeriYed Loudspeaker Parameters

HTML RHSRUW - KOLSSHO GPEH
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Klippel LSI 
18TBX100

Three key pages of Klippel graphs showing how every parameter changes with coil position.

DC offset stability as power increases… Reduces available X and adds distortion.

Non-linear behavior of whole system (woofer, box, ports, amp, limiters) defining characteristic.



T-S Design Pitfalls: Bl

High performance transducers are not flat. Adding more motor increases passband efficiency, but changes sensitivity especially around Fs. This can lead designers 
looking at sensitivity response - but not considering efficiency - to compromise their designs.



Bl = 10

Bl = 15 (actual)

Bl = 20

Simulated Response 
80L Box, F3 = 50Hz

Simulated vented box, characteristic response hump and “double” impedance peaks.

These are all at 2.83v, not one watt @ one meter - heavily dependent on impedance changes.

Consider earlier Bl(x) graph, as coil moves response changes among these.

	 Need to consider how to make system most consistent. More Bl helps!



Simulated Response 
80L Box, F3 = 50Hz

Bl = 10
Bl = 15
Bl = 20

Additional Bl brings higher impedance, lose some sensitivity. Need to equalize flat, but overall performance, efficiency, sound quality are improved!

Reducing Bl is just doing the equalization “in the woofer” by reducing impedance near Fs.

Most box / woofer design choices are just moving impedance around.
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Here’s a real woofer we made with increasing Bl.

Easier to see effects in sealed box: single impedance peak gets taller and wider.



10/227-6 standard 
10/227-6 CMC 2 magneti diagonali 

10/227-6 CMC 4 magneti 

SPL @2.83V/1m 
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Real Anechoic Response 
10NSM76 - 10” Sealed Mid

Bl = 20
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Sensitivity (usually listed as 1W / 1M) response shows characteristic slump below 500Hz, near resonance. Sensitivity above 500Hz is better with increasing Bl already.



Actual 1W / 1M Response

Fs

Bl = 20Bl = 25

Bl = 27

Mathematically compensate for impedance rise from increased Bl. Now you have “real” 1W / 1M sensitivity - power sensitivity, not voltage like usual. Increased Bl gains 
≈3dB everywhere!

Don’t think in watts when it’s really volts. Impedance change must be accounted for.

Still really hard to account for maximum output, but higher efficiency helps thermal a lot.



• Buy the most Bl and Xvar 
you can afford.


• Optimize for performance 
at system limits - ports, 
suspension, etc.


• Use EQ to make response 
flat, it’s the ideal tool!

Higher Performance through EQ

Today we have free, practically unlimited equalization, and amplifiers with huge voltage capabilities.

Strong woofers, in small enclosures, are not flat. But they are efficient! So use EQ to solve the impedance mismatch and get more output, that sounds better, in smaller 
system.

Don’t compromise woofer to apply equalization, use the correct tool (DSP) for the job.



Q&A
Hope everyone is still awake.



Bonus slide to focus on Bl(x) and Kms(x) to discuss Xvar. This is 18SW115.


