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TRANSDUCER POWER 
RATINGS

What do they mean?



THERE’S A (AES) STANDARD FOR THAT
▸ AES2-1984 (R2003) or AES2-2012? 

▸ Most still use 1984 test. 

▸ Differences: 

▸ Minimum Impedance vs. Rated 

▸ 6dB Crest Factor vs. 12dB Crest Factor noise 

▸ 12dB/8ve Band Filtering vs. 24dB/8ve 

▸ AES2-2012 Generally results in ≈20% lower power numbers.

All pro transducers use AES2 power handling standard.

	 Defined 1984, reaffirmed 2003, then modified 2012.

	 Compare apples to apples, 2012 and 1984 version are different!

Difference in noise crest factor primarily to avoid amplifier limitations.



WOOFER POWER TESTING
▸ In Free Air 

▸ Better cooling, but worse excursion. 

▸ Pink noise, monitored for amp clipping 
(≈12dB Crest Factor) 

▸ Limits: VC Temp, Motor Temp, Xmech 

▸ Distortion not considered 

▸ Measured elsewhere in design cycle

This is how we run the AES test.



TAKEAWAYS ABOUT POWER RATINGS
▸ AES power test not representative of real world use in general. 

▸ Must determine final power handling in your enclosure. 

▸ With your processing, amplifier, and test signal! 

▸ Or send your enclosure to a Reputable Transducer Manufacturer™. 

▸ What is performance when coil and suspension are really hot? 

▸ Qts, Re easily double - so “8Ω” woofer now “16Ω”! 

▸ Need big amp rails to continue to supply peaks.

AES test gives defensible and reproducible number, but not actually power.

	 Unrealistic because: not in box, based on voltage @ min. or rated impedance.

	 Considered pretty abusive by our R&D team.

As coil gets hot need to deliver more volts for same performance.

	 Transducer performance changes, can start to sound boomy due to higher Qes.



In Free Air (39Hz Fs)

In 34Hz Reflex Box

{ Power integrated 
across useful bandwidth

50W 
@100VPk

700W

900W
IN-

AIR
 VS

. IN
-B

OX

Put woofer in generic reflex box and impedance curve changes almost completely.

	 Power assumptions from before go out the window - they were wrong anyway!

None of these watt numbers are “real”, we don’t (usually) listen to sine waves.

	 Real power delivered is integrated in time and frequency.



PROGRAM POWER IS A GUIDE FOR 
AMPLIFIER SELECTION, AND RELATIVE 
PERFORMANCE WITHIN OUR LINE

This Guy Right Here

AES NYC 2018 PD07



18TBX100 
4” Coil, 1200W AES, 11mm Xvar 

Introduced 2004

How can we get a deeper understanding of power handling?



2400 W continuous program power capacity
100 mm (4 in) copper voice coil
35 - 1000 Hz response
97 dB sensitivity
Aluminium demodulating ring allows a very low
distortion figure
Double silicone spider with optimized
compliance
Ventilated voice coil gap for reduced power
compression

18TBX100
LF Drivers - 18.0 Inches

8Ω
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18TBX100
LF Drivers- 18.0 Inches

460 mm (18.0 in)

8 Ω

6.2 Ω

1200 W

2400 W

97.0 dB

35 - 1000 Hz

100 mm (4.0 in)

Copper

Glass Fibre

25.0 mm (1.0 in)

12.0 mm (0.5 in)

1.1 T

SPECIFICATIONS

Nominal Diameter

Nominal Impedance

Minimum Impedance

Nominal Power Handling1

Continuous Power Handling2

Sensitivity3

Frequency Range

Voice Coil Diameter

Winding Material

Former Material

Winding Depth

Magnetic Gap Depth

Flux Density

Triple Roll

Radial

Ferrite

Double Silicone

T-Pole

TWP Waterproof Both Sides

200.0 dm3 (7.06 ft3)

34 Hz

DESIGN

Surround Shape

Cone Shape

Magnet Material

Spider

Pole Design

Woofer Cone Treatment

Recommended Enclosure

Recommended Tuning

34 Hz

5.1 Ω

0.37

7.2

0.35

212.0 dm3 (7.5 ft3)

1210.0 cm2 (187.6 in2)

2.2 %

9.0 mm

11.0 mm

209.0 g

25.5 Txm

1.6 mH

91 Hz

PARAMETERS4

Resonance Frequency

Re

Qes

Qms

Qts

Vas

Sd

η₀

Xmax

Maximum Excursion

Mms

Bl

Le

EBP

460 mm (18.0 in)

440 mm (17.3 in)

422.0 mm (16.6 in)

209 mm (8.2 in)

16 mm (0.62 in)

10.5 dm3 (0.37 ft3)

13.0 kg (28.6 lb)

1

14.6 kg (32.19 lb)

500x495x275 mm (19.69x19.49x10.83 in)

MOUNTING AND SHIPPING INFO

Overall Diameter

Bolt Circle Diameter

Baffle Cutout Diameter

Depth

Flange and Gasket Thickness

Air Volume Occupied by Driver

Net Weight

Shipping Units

Shipping Weight

Shipping Box

RCK18TBX1008

SERVICE KIT

1. 2 hours test made with continuous pink noise signal within the range Fs-10Fs. Power calculated on rated nominal impedance. Loudspeaker in free air.
2. Power on Continuous Program is defined as 3 dB greater than the Nominal rating.
3. Applied RMS Voltage is set to 2.83 V for 8 ohms Nominal Impedance.
4. Thiele-Small parameters are measured after a high level 20 Hz sine wave preconditioning test.

B&C Speakers s.p.a.

Via Poggiomoro, 1 - Loc. Vallina, 50012 Bagno a Ripoli (FI) - ITALY - Tel. +39 055 65721 - Fax +39 055 6572312 - mail@bcspeakers.com

2 Pages

This is what most people consider a transducer data sheet.

Really one page, the first page is just a summary of the second page!



Texas Instruments TL074, very common $0.50 op-amp for line level audio.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.

TLV2370, TLV2371, TLV2372
TLV2373, TLV2374, TLV2375

SLOS270F –MARCH 2001–REVISED AUGUST 2016

TLV237x 500-µA/Ch, 3-MHz Rail-to-Rail Input and Output
Operational Amplifiers With Shutdown

1

1 Features
1• Rail-to-Rail Input and Output
• Wide Bandwidth: 3 MHz
• High Slew Rate: 2.4 V/μs
• Supply Voltage Range: 2.7 V to 16 V
• Supply Current: 550 μA/Channel
• Low-Power Shutdown Mode
– IDD(SHDN): 25 μA/Channel

• Input Noise Voltage: 39 nV/√Hz
• Input Bias Current: 1 pA
• Specified Temperature Range:
– −40°C to +125°C (Industrial Grade)

• Ultra-Small Packaging:
– 5- or 6-Pin SOT-23 (TLV2370, TLV2371)
– 8- or 10-Pin MSOP (TLV2372, TLV2373)

2 Applications
• White Goods
• Handheld Test Equipment
• Portable Blood Glucose Systems
• Remote Sensing
• Active Filters
• Industrial Automation
• Battery-Powered Electronics

Operational Amplifier

3 Description
The TLV237x single-supply operational amplifiers
provide rail-to-rail input and output capability. The
TLV237x takes the minimum operating supply voltage
down to 2.7 V over the extended industrial
temperature range while adding the rail-to-rail output
swing feature. The TLV237x also provides 3-MHz
bandwidth from only 550 μA. The maximum
recommended supply voltage is 16 V, which allows
the devices to be operated from (±8-V supplies down
to ±1.35 V) a variety of rechargeable cells.

The CMOS inputs enable use in high-impedance
sensor interfaces, with the lower voltage operation
making an ideal alternative for the TLC227x in
battery-powered applications. The rail-to-rail input
stage further increases its versatility. The TLV237x is
the seventh member of a rapidly growing number of
RRIO products available from TI, and it is the first to
allow operation up to 16-V rails with good ac
performance.

All members are available in PDIP and SOIC with the
singles in the small SOT-23 package, duals in the
MSOP, and quads in the TSSOP package.

The 2.7-V operation makes the TLV237x compatible
with Li-Ion powered systems and the operating supply
voltage range of many micro-power microcontrollers
available today including TI’s MSP430.

Device Information(1)
PART NUMBER PACKAGE BODY SIZE (NOM)

TLV237x

PDIP (8) 9.81 mm × 6.35 mm
PDIP (14) 19.30 mm × 6.35 mm
SOIC (8) 4.90 mm × 3.91 mm
SOIC (14) 8.65 mm × 3.91 mm
TSSOP (14)

5.00 mm × 4.40 mm
TSSOP (16)
SOT-23 (6)

2.90 mm × 1.60 mm
SOT-23 (5)
VSSOP (8)

3.00 mm × 3.00 mm
VSSOP (10)

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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(1) Typical values measured at 5 V and 25°C.

5 Device Comparison Tables

Table 1. Selection of Signal Amplifier Products(1)

DEVICE VDD
(V)

VIO
(µV)

IQ/Ch
(µA)

IIB
(pA)

GBW
(MHz)

SR
(V/µs) SHUTDOWN RAIL-TO-

RAIL
SINGLES,
DUALS,
QUADS

TLV237x 2.7 to 16 500 550 1 3 2.4 Yes I/O S, D, Q
TLC227x 4 to 16 300 1100 1 2.2 3.6 — O D, Q
TLV27x 2.7 to 16 500 550 1 3 2.4 — O S, D, Q
TLC27x 3 to 16 1100 675 1 1.7 3.6 — — S, D, Q
TLV246x 2.7 to 16 150 550 1300 6.4 1.6 Yes I/O S, D, Q
TLV247x 2.7 to 16 250 600 2 2.8 1.5 Yes I/O S, D, Q
TLV244x 2.7 to 10 300 725 1 1.8 1.4 — O D, Q

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the TI
website at www.ti.com.

Table 2. Family Package Table(1)

DEVICE NUMBER OF
CHANNELS

PACKAGE TYPES
SHUTDOWN

UNIVERSAL
EVM
BOARDPDIP SOIC SOT-23 TSSOP MSOP

TLV2370 1 8 8 6 — — Yes

See the EVM
Selection
Guide

TLV2371 1 8 8 5 — — —
TLV2372 2 8 8 — — 8 —
TLV2373 2 14 14 — — 10 Yes
TLV2374 4 14 14 — 14 — —
TLV2375 4 16 16 — 16 — Yes

6 Pin Configuration and Functions

TLV2370 DBV Package
6-Pin SOT-23
Top View

TLV2370 D and P Packages
8-Pin SOIC and PDIP

Top View

Pin Functions: TLV2370
PIN

I/O DESCRIPTION
NAME SOT-23 SOIC, PDIP
GND 2 4 — Ground connection
IN– 4 2 I Negative (inverting) input
IN+ 3 3 I Positive (noninverting) input
NC — 1, 5 — No internal connection (can be left floating)
OUT 1 6 O Output
SHDN 5 8 I Shutdown control (active low, can be left floating)
VDD 6 7 — Positive power supply
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential voltages, are with respect to GND.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT

Voltage
Supply voltage, VDD (2) 16.5

VDifferential input voltage, VID –VDD VDD
Input voltage, VI(2) –0.2 VDD + 0.2

Current
Input current, IIN –10 10

mA
Output current, IO –100 100

Temperature
Operating free-air temperature, TA: I-suffix –40 125

°CMaximum junction temperature, TJ 150
Storage temperature, Tstg –65 150

7.2 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted).

MIN MAX UNIT

Supply voltage, VDD
Single supply 2.7 16

V
Split supply ±1.35 ±8

Common-mode input voltage, VCM 0 VDD V
Operating free-air temperature, TA I-suffix –40 125 °C
Turnon voltage (shutdown pin voltage level), V(ON), relative to GND pin voltage 2 V
Turnoff (shutdown pin voltage level), V(OFF), relative to GND pin voltage 0.8 V

9
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(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

7.3 Thermal Information: TLV2370

THERMAL METRIC(1)
TLV2370

UNITDBV (SOT-23) D (SOIC) P (PDIP)
6 PINS 8 PINS 8 PINS

RθJA Junction-to-ambient thermal resistance 228.5 138.4 49.2 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 99.1 89.5 39.4 °C/W
RθJB Junction-to-board thermal resistance 54.6 78.6 26.4 °C/W
ψJT Junction-to-top characterization parameter 7.7 29.9 15.4 °C/W
ψJB Junction-to-board characterization parameter 53.8 78.1 26.3 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance n/a n/a n/a °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

7.4 Thermal Information: TLV2371

THERMAL METRIC(1)
TLV2371

UNITDBV (SOT-23) D (SOIC) P (PDIP)
5 PINS 8 PINS 8 PINS

RθJA Junction-to-ambient thermal resistance 228.5 138.4 49.2 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 99.1 89.5 39.4 °C/W
RθJB Junction-to-board thermal resistance 54.6 78.6 26.4 °C/W
ψJT Junction-to-top characterization parameter 7.7 29.9 15.4 °C/W
ψJB Junction-to-board characterization parameter 53.8 78.1 26.3 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance n/a n/a n/a °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

7.5 Thermal Information: TLV2372

THERMAL METRIC(1)
TLV2372

UNITD (SOIC) DGK (VSSOP) P (PDIP)
8 PINS 8 PINS 8 PINS

RθJA Junction-to-ambient thermal resistance 138.4 191.2 49.2 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 89.5 61.9 39.4 °C/W
RθJB Junction-to-board thermal resistance 78.6 111.9 26.4 °C/W
ψJT Junction-to-top characterization parameter 29.9 5.1 15.4 °C/W
ψJB Junction-to-board characterization parameter 78.1 110.2 26.3 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance n/a n/a n/a °C/W
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7.9 Electrical Characteristics
at TA = 25°C, VDD = 2.7 V, 5 V, and 15 V (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
DC PERFORMANCE

VOS Input offset voltage
At TA = 25°C, VIC = VDD/2, VO = VDD/2, RS = 50 Ω 2 4.5 mV
At TA = –40°C to +125°C, VIC = VDD/2, VO = VDD/2,
RS = 50 Ω

6 mV

dVOS/dT Offset voltage drift At TA = 25°C, VIC = VDD/2, VO = VDD/2, RS = 50 Ω 2 µV/°C

CMRR Common-mode rejection ratio

VDD = 2.7 V,
RS = 50 Ω

VIC = 0 to VDD 50 68

dB

At TA = –40°C to +125°C,
VIC = 0 to VDD

49

VIC = 0 to VDD − 1.35 V 56 70
At TA = –40°C to +125°C,
VIC = 0 to VDD − 1.35 V

54

VDD = 5 V,
RS = 50 Ω

VIC = 0 to VDD 55 72
At TA = –40°C to +125°C,
VIC = 0 to VDD

54

VIC = 0 to VDD − 1.35 V 67 80
At TA = –40°C to +125°C,
VIC = 0 to VDD − 1.35 V

64

VDD = 15 V,
RS = 50 Ω

VIC = 0 to VDD 64 82
At TA = –40°C to +125°C,
VIC = 0 to VDD

63

VIC = 0 to VDD − 1.35 V 67 84
At TA = –40°C to +125°C,
VIC = 0 to VDD − 1.35 V

66

AVD
Large-signal differential
voltage amplification

VDD = 2.7 V,
VO(PP) =
VDD/2,
RL = 10 kΩ

98 106

dB

At TA = –40°C to +125°C 76

VDD = 5 V,
VO(PP) =
VDD/2,
RL = 10 kΩ

100 110

At TA = –40°C to +125°C 86

VDD = 15 V,
VO(PP) =
VDD/2,
RL = 10 kΩ

81 83

At TA = –40°C to +125°C 79

INPUT CHARACTERISTICS

IOS Input offset current
VDD = 15 V,
VIC = VO =
VDD/2

1 60
pAAt TA = 70°C 100

At TA = 125°C 1000

IB Input bias current
VDD = 15 V,
VIC = VO =
VDD/2

1 60
pAAt TA = 70°C 100

At TA = 125°C 1000
Differential input resistance 1000 GΩ
Common-mode input
capacitance f = 21 kHz 8 pF
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Figure 2. Input Offset Voltage vs Common-Mode Input
Voltage

Figure 3. Input Offset Voltage vs Common-Mode Input
Voltage

Figure 4. Input Offset Voltage vs Common-Mode Input
Voltage

Figure 5. Common-Mode Rejection Ratio vs Frequency

Figure 6. Input Bias or Offset Current vs Free-Air
Temperature

Figure 7. Low-Level Output Voltage vs Low-Level Output
Current
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Figure 8. High-Level Output Voltage vs High-Level Output
Current

Figure 9. Low-Level Output Voltage vs Low-Level Output
Current

Figure 10. High-Level Output Voltage vs High-Level Output
Current

Figure 11. Low-Level Output Voltage vs Low-Level Output
Current

Figure 12. High-Level Output Voltage vs High-Level Output
Current

Figure 13. Peak-to-Peak Output Voltage vs Frequency
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Figure 20. Phase Margin vs Capacitive Load Figure 21. Equivalent Input Noise Voltage vs Frequency

Figure 22. Voltage-Follower Large-Signal Pulse Response Figure 23. Voltage-Follower Large-Signal Pulse Response

Figure 24. Voltage-Follower Small-Signal Pulse Response Figure 25. Inverting Large-Signal Response
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8 Detailed Description

8.1 Overview
The TLV237x single-supply CMOS operational amplifiers provide rail-to-rail input and output capability with
3-MHz bandwidth. Consuming only 550 μA the TLV237x is the perfect choice for portable and battery-operated
applications. The maximum recommended supply voltage is 16 V, which allows the devices to be operated from
(±8-V supplies down to ±1.35 V) a variety of rechargeable cells. The rail-to-rail inputs with high input impedance
make the TLV237x ideal for sensor signal-conditioning applications.

8.2 Functional Block Diagram

8.3 Feature Description

8.3.1 Rail-to-Rail Input Operation

The TLV237x input stage consists of two differential transistor pairs, NMOS and PMOS, that operate together to
achieve rail-to-rail input operation. The transition point between these two pairs can be seen in Figure 2,
Figure 3, and Figure 4 for a 2.7-V, 5-V, and 15-V supply. As the common-mode input voltage approaches the
positive supply rail, the input pair switches from the PMOS differential pair to the NMOS differential pair. This
transition occurs approximately 1.35 V from the positive rail and results in a change in offset voltage due to
different device characteristics between the NMOS and PMOS pairs. If the input signal to the device is large
enough to swing between both rails, this transition results in a reduction in common-mode rejection ratio
(CMRR). If the input signal does not swing between both rails, it is best to bias the signal in the region where
only one input pair is active. This is the region inFigure 2 through Figure 4 where the offset voltage varies slightly
across the input range and optimal CMRR can be achieved. This has the greatest impact when operating from a
2.7-V supply voltage.

8.3.2 Driving a Capacitive Load

When the amplifier is configured in this manner, capacitive loading directly on the output decreases the device
phase margin leading to high frequency ringing or oscillations. Therefore, for capacitive loads of greater than
10 pF, TI recommends that a resistor be placed in series (RNULL) with the output of the amplifier, as shown in
Figure 34. A minimum value of 20 Ω should work well for most applications.

62 Pages

Standard, publicly available data sheet is 62 pages long.



WHAT SPECS DO 
TRANSDUCER ENGINEERS 

REALLY USE?

Clearly engineers need more information to characterize woofer performance.

	 Transducers are way harder to characterize than op amps!



KLIPPEL ANALYZER SYSTEM

Detailed Report
Large Signal Identification (LSI)

Driver Name: speaker 1 completo

Driver Comment:

Measurement: 3 - LSI esteso 18TBX100-8 (08 ottobre 2018)

Measurement Comment:

Nonlinear Parameters
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Power Series Expansion

Symbol Number Unit Comment

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
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K0 = Kms (X=0) N/mm constant part in stiffness
K1 0.0062631 N/mm^2 1st order coefficient in stiffness expansion
K2 0.035929 N/mm^3 2nd order coefficient in stiffness expansion
K3 -0.00033060 N/mm^4 3rd order coefficient in stiffness expansion
K4 5.2061e-006 N/mm^5 4th order coefficient in stiffness expansion

f1 -0.002104 1/A coefficient (1) of L(I) Inductance over current (flux
modulation)

f2 -0.000120 1/A^2 coefficient (2) of L(I) Inductance over current (flux
modulation)

Xpse 15.0 mm -Xpse < X < Xpse, range where power series is
fitted
 Parameters for Auralization available.

Derived Loudspeaker Parameters
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Linear Parameters

Symbol Large +
Warm

Large +
Cold

Small
Signal Unit Comment

Note: for accurate small signal parameters, use
LPM module

Delta Tv =
Tv-Ta 130 0 0 K increase of voice coil temperature during

the measurement 

Xprot 15.0 15.0 2.5 mm maximal voice coil excursion (limited by
protection system)

Re (Tv) 7.53 5.04 5.04 Ohm
(imported) voice coil resistance

considering increase of voice coil
temperature Tv

Le (X=0) 1.59 1.59 1.35 mH voice coil inductance at the rest position
of the voice coil

L2 (X=0) 3.33 3.33 2.08 mH para-inductance at the rest position due to
the effect of eddy current

R2 (X=0) 6.57 6.57 6.08 Ohm resistance at the rest position due to eddy
currents

Cmes
(X=0) 757 757 466 µF electrical capacitance representing

moving mass

Lces (X=0) 82.84 82.84 56.34 mH electrical inductance at the rest position
representing driver compliance

Res (X=0) 76.78 76.78 43.54 Ohm resistance at the rest position due to
mechanical losses

Qms (X=0,
Tv) 7.34 7.34 3.96 mechanical Q-factor considering Rms

only

Qes (Tv) 0.48 0.32 0.46 electrical Q-factor considering Re (Tv)
only

Qts (X=0,
Tv) 0.45 0.31 0.41 total Q-factor considering Re (Tv) and

Rms only
fs 20.1 20.1 31.1 Hz driver resonance frequency

Mms 288.693 288.693 g mechanical mass of driver diaphragm
assembly including voice-coil and air load

Rms (X=0) 4.967 4.967 13.087 kg/s mechanical resistance of total-driver
losses

Cms (X=0) 0.22 0.22 0.10 mm/N mechanical compliance of driver
suspension at the rest position

Kms (X=0) 4.60 4.60 10.11 N/mm mechanical stiffness of driver suspension
at the rest position

Bl (X=0) 23.87 23.87 23.87 N/A (imported) force factor at the rest position
(Bl product)

Vas 448.4082 448.4082 204.1370 l equivalent air volume of suspension
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N0 0.724 1.082 1.281 % reference efficiency (2Pi-sr radiation
using Re)

Lm 90.7 92.5 93.2 dB characteristic sound pressure level

Sd 1210.00 1210.00 1210.00 cm² diaphragm area

Temporal Variations of the Stiffness KMS(t, x=0)

Temporal Variations of the Voice Coil Resistance RE(t)
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Transducer State

Symbol Value Unit Comment
Start Date  2018-10-08 
Start Time 10:28:10
Serial number 641

Mode Final Mode 7(7)

Record 3926/3926
Laser signal reliable
t 05:30:52 h:min:s measurement time
Time remaining 00:00:00 h:min:s recalculated at thermal mode(a)

Ei (t) 13.7 % error current measurement
Ex (t) 2.6 % error laser measurement
Eu (t) 11.4 % error amplifier check

Delta Tv (Delta
Tlim) 130.0 (280.0) K increase of voice coil temperature (limit)

Blmin (Bllim) 30.1 (30.0) % minimal force factor ratio (limit)
Cmin (Clim) 33.1 (30.0) % minimal compliance ratio (limit)

P (Plim) 168.4278
(990.000) W real electrical input power (limit)

Lmin 63.1 % minimal inductance ratio
Pn 229.269100 W nominal electrical input power
P Re 141.850024 W Power heating voice coil
P Mech 11.745453 W ....
Irms 4.340 A rms value of the electrical input current
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Urms 42.827 V rms value of the electrical voltage at the transducer
terminals

Ipeak 14.692 A peak value of the electrical input current

Upeak 160.098 V peak value of the electrical voltage at the transducer
terminals

PC 3.49 dB thermal power compression factor

Glarge (Gmax) 14.7 (26.0) dB gain of the excitation amplitude increased in the large
signal domain (maximum)

Mech. system abs. import used to identify mechanical system in absolute
quantities

Xdc -0.11 mm dc component of voice coil excursion measured in the last
update intervall

Xpeak 13.33 mm positive peak value of voice coil excursion measured in
the last update intervall

Xbottom -17.05 mm negative peak value (bottom) of voice coil excursion
measured in the last update intervall

Xp+ 13.4 mm upper limit of displacement range (99% probability)
Xp- -13.1 mm lower limit of displacement range (99% probability)

Xprot 15.0 mm maximal voice coil excursion allowed by protection
system

v rms 0.81 m/s voice coil velocity

Distortion

Db 31.2 % distortion factors representing contribution of nonlinear
force factor

Dl 21.1 % distortion factor representing contribution of nonlinear
inductance

Dc 14.6 % distortion factor representing contribution of nonlinear
compliance

D l(i) 3.7 % distortion factor representing contribution of L(I)
nonlinearity

Thermal

R th total 0.92 K/W Delta Tv / P Re

Voltage Probability Density Function pdf(u)
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Voltage upeak(t) and Current ipeak(t)

Voice Coil Temperature D TV(t) and Power P(t)
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Displacement x(t)

Displacement Probability Density Function pdf(x)
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Distortion Analysis

Remedies for Transducer Nonlinearities
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Run a full Klippel woofer report with power testing.

12 pages of specs mostly concerned with large signal behavior.



THERMAL CHARACTERIZATION
▸ Long (≈6 Hour) test 

▸ Nonlinear LSI before and after 

▸ To make sure no parameter shift 

▸ Separates Coil & Motor heating 

▸ Including with and without high X (cooling) 

▸ Using four separate signals, one with 
significant LF (see excursion graph) 

▸ Takes a long time for these structures to heat

Coil Cooling

Coil Heating
Motor Heating{

LSI

{

Much LF

Almost no X for coil heating

≈230W

Bottom graph is excursion, top graph is power (blue) and heat (red) above ambient.

Point out time constants here, graph scale (x axis) is almost four hours.

Power capacity asymptotically approaches long term conditions and is pretty reliable.

	 After running these tests we pretty much know the answer in terms of real power.



TAKEAWAYS ABOUT APPLIED POWER
▸ Coil Heating Time Constant: 27 Seconds 

▸ Motor Heating Time Constant: 38 Minutes 

▸ Real Applied Power: 230 Watts (including power factor adjustment) 

▸ Into a loudspeaker rated 1200 Watts AES 

▸ ≈6dB power compression by end of test 

▸ Which is fine, 12dB Crest Factor is ≈16x so 3600W amp appropriate.

Almost any pro amp can overheat any transducer within minutes given right signal.

Max practical power compression ≈8dB, transducer almost dead at that point.

	 Coil at 300-400°C, motor at 100-110°C

Coming back to 12dB crest factor in next slides.



CREST FACTOR
AVERAGE

PEAK {CREST FACTOR

What is Crest Factor?

Amplifiers have to be sized for signal peaks, They care a lot about volts.

Transducers care about long term (average) power, which is much lower.

	 Notice how close to zero that average line is.



IS 12DB CREST FACTOR REALISTIC?
▸ Pretty similar to other system component 

capabilities: 

▸ Circuit Breakers 

▸ Amplifiers 

▸ Ears

Time No	trip	
current

Headroom	for	more	
power

>60	min 1.0 0	dB

2	min 1.1 0.3	dB

30	s 1.5 1.8	dB

6	s 2 3.0	dB

2	s 3 4.8	dB

600	ms 5 7.0	dB

<10	ms >16 >12	dB

Type “C” Circuit Breaker Trip Curve

Why did I pick 12dB crest factor?

Loudspeakers are made out of wire, so power limitations similar to a circuit breaker.

	 Short term (<10s) 10x over-current maybe fine!



IS 12DB CREST FACTOR REALISTIC?

Crest factor over time for a wide variety of live and recorded music.

Live and recorded music trends towards 12dB crest factor quickly, somewhere between 5 seconds and 5 minutes.

	 Much higher for Mid and High bandpasses, 18dB or more crest factor there.

Well within transducer heating time constants of 30 seconds - 30 minutes.



TRANSDUCER OVERPOWERING SHOULD 
BE A SOLVED PROBLEM.

This Guy Right Here

AES NYC 2018 PD07

Plenty of amps available with real power limiters in DSP.

	 Can keep coil from burning in almost any situation.

	 Could check VC temp with sensor and avoid burning ever, likely not necessary.



Excursion
Real devil in the room, most R&D time is spent studying mechanical limits.

We are not at limits of power handling capability, but in many cases are at the limits of (manufacturable) suspension technology.

No practical method to limit excursion with DSP - cannot detect actual coil position without unacceptable delay.



KLIPPEL ANALYZER SYSTEM

Detailed Report
Large Signal Identification (LSI)

Driver Name: speaker 1 completo

Driver Comment:

Measurement: 3 - LSI esteso 18TBX100-8 (08 ottobre 2018)

Measurement Comment:

Nonlinear Parameters
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K0 = Kms (X=0) N/mm constant part in stiffness
K1 0.0062631 N/mm^2 1st order coefficient in stiffness expansion
K2 0.035929 N/mm^3 2nd order coefficient in stiffness expansion
K3 -0.00033060 N/mm^4 3rd order coefficient in stiffness expansion
K4 5.2061e-006 N/mm^5 4th order coefficient in stiffness expansion

f1 -0.002104 1/A coefficient (1) of L(I) Inductance over current (flux
modulation)

f2 -0.000120 1/A^2 coefficient (2) of L(I) Inductance over current (flux
modulation)

Xpse 15.0 mm -Xpse < X < Xpse, range where power series is
fitted
 Parameters for Auralization available.

Derived Loudspeaker Parameters
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THAT’S WHAT THE OTHER 11 PAGES OF SPECS ARE ABOUT

All parameters change with cone position, we study performance at limits.

Small signal (i.e. T-S) good starting point, like AES power, for comparison.

	 Easy to make look nice, even if transducer badly behaved at limit.

Coil overheating binary, either it still works and doesn’t rub - or not.

	 Suspension aging is an unknown quantity.



Free Air Excursion

Reflex Enclosure 
Tuned to 34Hz

18
TB

X1
00

 
Xv

ar
 =

 1
1m

m{
≈19mm 
@30Hz

Rising X 
Below Fb

Excursion dependent on enclosure and signal LF content.

	 Increases 4x (12dB) per 1/2 frequency (octave).

	 Crest factor unimportant, peaks don’t cause X. Limiters can’t save you.

Only 100VPk shown here, woofer capable of much more, but not in free air at 30Hz!



AES NYC 2018 PD07
Bennett Prescott - BPrescott@BCSpeakers.com 
Sales & Operations Director, B&C Speakers NA

High pass filter and box are best defense against over-excursion.

Big amp rails are important for clean peaks.

	 Delivered power actually pretty small - and controllable.

Must do lifetime testing in your own system and use case.

mailto:BPrescott@BCSpeakers.com

