- -

=
~
-
=

. ProAudio

T

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.
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The XaL has been designed to deliver
the output voltage required by the
latest_generation of high performance
loudspeakers.

Powersoft’s legendary power supply
is suitable to Single Phase, Bi-Phase or
Three from 85 VAC up to

SRM)|

@ Armonia-Plus
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> Innovative power supply design

/ Suitable for Single-Phase, Bi-Phase or Three-Phase operation
from 85 VAC up to 460 VAC, the XaL power supply provides
maximum fleibility and versatiity in any power distribution

¥ Power Load Balancing with Powier Factor Correction enhances.
effciency in power distrbution.
Rails Management increases efficiency by means of the
dynamic rails modulation.
 he legendary Powersoft Green Audio Power® technologies
improves efficiency and minimizes the ‘arbon footprint” and
the operational costs.
> New standard of quality and usability
« Flexible routing/mixing provided by the internal dxd input/
output matrix, allows the user to mix and route analog an
digtal 1.

360 VAC without need of selection.
True Three Phase load balancing is
directly achievable without any complex

digital AES3 and two redundant Dante™*

Channel mixing and routing can be
easily performed thanks to the integrated
low latency DSP, providing the highest

e

the signal from any node within the network to Powersoft XaL.

¥ 4 input channels with physical analog and digital AES3 connec
tors and redundant Dante™* connection provide maximum
fexibilty.

 Improved relabilty thaniks to the customizable input backup
policy that allows to automatically switch nput source in case.

¥ Complete user interface integrated nto ArmoniaPlus™.
¥ WiFi remote monitoring through mobile device.

> Highly Integrated
« Top-grade DSP with high dynamic range and extensive feature

 Mlti-tage signal processing: inovative solutions for modeling
speakers behavior and power handiing

degree of freedom In sound shaping and

5
Full support of 100 Mbps and
Gigabit Ethernet makes it easy to

and tablet, providing a new experience in
power mansgement.

A

IR, IRSFIR equalizers and raised-cosine
ters
« Complete sets of imiters: peak, RMS voltage, RMS current, and
TruePower™.
 Compensation o the spealer cabe losses with Actve
DampingContro™.
» Even more reliable
¥ Full protection circuitry: over/under AC voltage; troublesome
signals (clipping, VHE, long-term RNIS); OC; thermal; short
circuit; mute at power on/of

v

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
40 Hz 40 Hz
6.3Q 510
0.25 0.21
297.3L 138.0L
0.6 mH 1.4 mH
60 g 117 g
18.0 Txm 26.2 Txm
JBL D130 c. 1955 6.3 mm 7.0 mm
75 W 500 W

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.




Thiele-Small Parameters

A-Neville Thiele Or Richael H. Small * 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.

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.




Key T-S Parameters

Magnitude of electric impedance Z(f) ¢ Mms - Mass of mOVing partS,
il including air load.

* Cms - Compliance of suspension.

* Re - DC resistance of the voice caoil.

m)

[Oh
°

Bl — Magnetic field strength (B)
multiplied by length of wire (l) - in the

2 gap.

__/ \\ - * Fs - Resonance frequency of woofer.
| R
N “ P ety . + Qts - Total Q of the driver at Fs.

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 BI.

» 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
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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!



MAGNET

VOICE COIL

fJ

MAGNETIC
GAP

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.
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e AP Force factor Bl (X)
VOICE COIL 01.05.38
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Measure critical
parameters vs. coil
position and work to B S
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.



Power Series Expansion
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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.




L Report - Klippel GmbH

KLIPPEL ANALYZER SYSTEM

Nonlinear Parameters

HTML Report - Klippel GmbH

HTML Report - Klippel GmbH

fitted

Parameters for Auralization available.

Derived Loudspeaker Parameters

loss factor Qms (X)

Bl Symmetry Range

Kms Symmetry Range

KO = Kms (X=0) N/imm | constant part in stiffncss m—Symmetry Point - symmety Point
Detailed Report K1 00062631 | N/mm"2 | Ist order coefficient in stiffness expansion 5 Lo e s Aympeil= % e
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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: B

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.
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Bl ="1&(actual)

T BI=20

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!
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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.



IMPEDANCE
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Here’s a real woofer we made with increasing BI.
Easier to see effects in sealed box: single impedance peak gets taller and wider.
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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.
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Actual 1TW / 1M Response

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.



Higher Performance through EQ

* Buy the most Bl and Xvar
you can afford.

iy e Optimize for performance
\ at system limits - ports,

/// suspension, etc.
N

= s=7 * Use EQ to make response
= flat, it’s the ideal tool!

.Y

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.



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



