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Features

e Precision Thiele Small Measurement System using Constant Current Source
e Advanced Thiele Small Simulator with Frequency Dependent Le
e Alignment Analysis of Sealed, Vented, Passive Radiator & Band Pass Boxes
e Sophisticated Auto-Alignment Incorporates Driver Parameter Shifts
e Direct Measurement of Amplitude & Phase using DSP Filtering (not FFT interpolation)
— For Best Possible Measurement and Modeling Results
— .001 Hz resolution from 1-20 kHz (measure very low Fs drivers)
— Measures Voice Coil and Suspension Compression Effects
— RLC and Cable Measurement in 100pF-1000uF, 10nH-10H, .01-100K ohm Ranges
e Fast, < 1 Second, Real-Time Impedance & Phase (generic Impedance sweeps)
e 32 Dual Data Buffers for Testing and Overlays
e Line Level Outputs for Driver Break-in
e Zobel, T/S Tank & Air Core Inductor Calculators
e Export to ZMA, Bass Box, Leap, WOO and Text File Formats
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Thiele Small Driver Measurement

e Single Button

Options

JL Woofer Tester Pro [WTPRO.CFG]
File View

Tests Tools Results Window Help

Q/FS Tests iz

WTPro [Impls.LoZP->Q/Fs]

o

Credence 18, Delta mass

e Single Button

Vas and Motor

Parameters

< 69.174 >|

Drive Level
< 56.234% >

UHMUTED

chan sel H&

Select from:

chan sell H&

Delta Mass,
Delta Box or
Efficiency

I-= 4.04% 0
Ph= +52.58 deg
L = 9.316 nH
FFT = 8192 pt
nm = 0.00
2 = 0.00

Q complete Vas complete
EN0/RESREESE e = 6.9903 ohus Vas =  20.574
- Vas Test s = 41.1583 Hz Diam=  133.35(
= e e es = 0.9524 sd = 13966.124
b1 o (ms =  5.5662 BL = 6.189
Sazhl sweep | oo - 0.8133 Cms =  742.44%
- Brb2 sweep Znax= 47.8439 ohms Kus = 1346.904
Stop sweep Le = 1.1794 uH Mus = 20.14(
Sens=  83.529
ComRUER CPU=13.7%  DC= +0.000 Eff = 0.14
Frequency Hz Lwic=+ 0dB Ruic=+ 0dB Rus = 0.934

p——
Meter Readings
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wuto |Data |Impls,LoZ

Re = 2.7341 ohms

Fs = 233032 Hz

Zmax = 91.5429 ohms

Qes = 0.2836

Qms = 92124

Qts = 02751

Le = 54490 mH (at 1 kHz)

Diam = 388.6200 mm ( 15.3000 in )

Sd =118615.1505 mm~2(183.8539 in"2)
Vas = 196.2490 L ( 6.9305 ft"3)

BL = 253967 N/A

Mms = 458.6490 g

Cms = 98.1890 uM/N

Kms =10184.4453 N/M

Rms = 6.5412 R mechanical
Efficiency = 0.8228 %

Sensitivity = 91.1708 dB @1 W/1m, 95.8336 dB @2.83Vrms/1m
Fs/Fsa = 1.1524

Ideal Mass =257.9901 g
Mass used =150.5000 g

;--- Impedance Fitting Constants ---

Krm
Erm
Kxm

Exm

12.322E-03 ohms
821.518E-03

Freq dependent resistance

Rem=Krm*(2*pi*f)"Erm

77.654E-03 Henries Freq dependent reactance

694.353E-03

Xem=Kxm*(2*pi*f)"Exm,
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Advanced Thiele Small Simulator & Box Analyzer
e Import and Simulate T/S Test Data (or Mfr Data)
e Vented, Sealed, Band Pass or Passive Radiator Designs

Simulated Response,
e Response, Impedance, Phase, Velocity & Xmm Xmm, Phase or Velocity

e Frequency Dependent Inductance Model
e Box, Port and Stuffing Losses
e Room/Car Pressurization Effects /

e Vent Resonance (Pipe Organ) Effects

e Simulate Measured Driver Compression Effects e

0/Fs Values Vas Values Box Values
Re 6.438E+00 || Ohms Vas [ 362.420E+00 | L 12.799E+00 |2 £643  [Vbox [ 2s8.602E+00 [ I\ lm&] ££43
Fs 16.729E+00 | Hz Diam| 378.460E+00 [ mm 14.900E+00 [ inch | Fbox 19.195E+00 [ hz
Qes [ 337.986E-03 | & 5d [ 112.4948+03 [Emm*2 [ 174.366E+00 | in*2 | Iport [ 250.019E+00 |2 mm [ s.sa3E+00 || inch
Qns 9.019E+00 3d [ 112.294E-03 Fn*2 Dport [ 124.993E+00 [ nm [ 4.921E+00 El inch
Qts 371.983E-03 [ BL 28.092E+00 [ H/A I” show pipe resonance
Ren Xem modeling Rus [ s5.z33E+00 | ohms-mech Gport [ zsa.zsse+0o | {Fpipe x1=254.5)
T/S Model Data Ern [ 784.041E-03 |2 Ohms Mus [ 448.951E-03 | kg Gbox [ 344.769E+00 [
Rem [ 30.941E-03 | Cus [ 201.599E-06 [ n/N Qleak 1.000E+03 || Qpar=134.799
Exn | 686.803E-03 | Kus 4.960E+03 |2 W/m Compute a Zobel | |@ Vented € Sealed ¢ Band Pass  ( Passive Radiator
Rem [ 142.718E-03 |[E| Henries |Le 9.531E-03 | H TS Frou Data Sheet | Auto-Align Vbox |
 QFs  Arbl  Sim Resp/PhXumVel  Speaker ( Phase ' RemXem Model I” Room Boost
I I’t D t C & P . t ¢ vas  Arbz C Sim Imp/Phase  Driver  Xum € Le Model __ﬂ.uqu+uu || db/octave __ﬂ_uugg+uu | Reable
mpo a a, Opy rm iy  Port € Velocity | € Simple Model [125.000£-03 2] cutots Frg
Copy Test—>$in Copy Data Buffers | [ lU->Revc ref level Volts->Zmax= 53.78 V (157.30 ohms)
Print Simulation xis Control | [ 341.895E-03 [ 1arive Bzuax Z:zzz‘;::‘:ﬁi;?”" "‘] (zﬁ?gni)m)
Help | 3.182E-03chase 7| PuE Compression Vatts->Bohu=361.55 W { 6.72 A)
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Box Alignment

Measures In-Box Electrical Impedance
(Box Test Button)

Finds Traditional Fsb, Ha and Alpha
Values (traditional method)

NEW BOX ANALYSIS METHODS

Automatically Align Simulator and
Measured Box Data to Find Effective Box
Size, Tuning and Losses

Refine driver parameters even if they have
shifted due to drive level, temperature,
break-in or box and driver interaction

Smithl&
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BoxZP and SimZP

Overlay

JLData Overlay

/LTS Entry and Simulation Control (O] x]
Q/Fs Values Vas Values Box Values

Re 6.488E+00 |1 Ohms vas [ 362.420E+00 L 12.799E+00 | £643  |Vbox [ 298.602E+00 | Lex [ 10.5a5E+00 | £e23

Fs 16.729E+00 | Hz Diam| 378.460E+00 |2f nm 14.900E+00 [ inch | Fbox 19.000E+00 [ hz

Ges [ 387.986E-03 X 5d [ 112.494E+03 | mw*2 [ 174.366E+00 2] in*2  [Lpore [ zs7.046E+00 [ mm [ 10.120E+00 | inch

Qus 9.019E+00 | 3d [ 112.4948-03 [ nr2 Dport [ 124.993E+00 [ nm [ a.s21E+00 | inch

0ts [ 371.983E-03 [ BL 28.092E+00 [H| N/A I” show pipe resonance
Ren Xenm modeling Rus 5.233E+00 || ohms-mech Qport 23.851E+00 [ (Fpipe x1=249.4)

Erm [ 784.041E-03 || Ohms Mus [ 245.951E-03 [ kg Qbox 62.010E+00 [

Krm 30.941E-03 [ Cus | 201.599E-06 [ u/N Qleak 1.000E+03 [ Qpar=16.934

Exn [ 636.803E-03 | K 4.960E+03 [ i/m Compute a Zobel | [ Vented ( Sealed ( Band Pass ( Passive Radiator

Kim [ 142.718E-03 | & Henries |Le 9.531E-03 | H TS Frou Data Sheet | Auto-Align Vbox |

 QFs ¢ Arbl ¢ $im Resp/PhXamVel
 yas ( Arb2 (% Sim Inp/Phase
& Box

% Speaker (% Phase
¢ Driver  Xum

© RemXem Model
" Le Model

™ Room Boost

0. 000E+00 l—j_ db/octa

0.000E+00 || Reable

C Port € Velocity | ( Simple Model

125.000E-03 E Cutoff

Copy Test->Sim

Copy Data Buffers |

™ 1u->Revc ref level

Print Simulation

Axis Control

| [ 3.z0%-0s [ 1drive Bzmax

Help

3.182E-03<base v| PWr Compression

Volts->Zmax=503.95 '7.30 ohms)
Watts->Re= 39.14 r "7 ud)
WVatts->Zmax= 1.6 20 ud)
Watts->8ohm= 31.7 9 ud)

Box Auto-Align




Actual Box-Aligned Simulation vs. Response

<0.5dB Error

A

4 ) Driver Response
|.il i “llf e
Driver & Port

(Speaker response)

Accurate High Frequency
Simulation using Frequency
Dependent Le modeling

Port Tuning
Notch Matches

<10 Hz

( In-air response measured with the Woofer Tester Pro )

Smithl&
LarsonYAudio

Web: www.woofertester.com Phone: +1-781-259-1804



1hiesWooferrlester?

Speaker Builder’s Toolkit

Design Air Core Inductor | X]

Design Air Core Inductors — Design Air Core Inductors
- I Inner Diam (inch)
| 1.0000 Height (inch)
o M eas Ure S ma I | an d La rg e “ m”l 16.0000 ‘Wire gauge AWG | Wlndlng Info
Capacitors (50077 Insuletion (nch) l
¥ 20.0000 Temperature C'
. . Use the low power test port to measure the inductance. Wire diameter, stacking
efficiency, insulation thickness and other factors will effect results. Wind the first
¢ EI | I pSOId Area Ca ICUlator inductor for avalue 10-20% larger than needed. You can always remove
windings.
e Calculate Acoustic Constants S e doto
134.6359 Tatal turns 0.0525 Wire diam (inch)
0.4750 Resistance chms 0.0508 Copper diam (inch)
3.8404 Outer diam (inch) ~ 118.3693 ‘Wire length (feef) 5
8.0000 Layers (+partial) 0.9276 ‘Weight (pounds) W
19.0391 Turns per layer
OK | Cancel | Help |
Capacitor measurements require a parallel resistor to ‘I
complete a DC path. Impedance is then corrected by knowing
Rp and parasitic Cp allowing measurements <100pF
anned Rp (10 kohm nom using_a banana plug)
Autom atl C al ;c:sl\lf ree a;:r:r::ﬁh \;\:}ACI:‘I';. then Click Accept
Calibration | Measure Small
& Measure Rp (step 1) Accept Rp CapaCitors <100 pF
" Measure Cp (step 2) ACeERtCH
. Measuring Now
1 OO pF PICO W ¢ Enahble compensation
Farad Range Frq-Bl].IJ [Rp=100.000 Mohm
PrivePl:‘l=1 3.83 ICp= 1.0001fF
AUTO-MEASURING Rp | CANCEL |

Smithl&
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32 Dual Buffers for Testing & Overlays

e Each Buffer Stores Two Data Points: (Impedance, Phase, Response, Displacement, Velocity)
e Easy Setup and Control from One Place
» Set Response and Phase Offsets, Phase Wrapping and Polarity

e Tester Automatically Calculates Difference Between Measured and Desired Value

JL Setup Control

3e Sizesl Axis Overl Mike Pos | THD/DIMD
RBI1 1s Data e l i l I e I I 4 I St
Destination from Main —I—I—D ;'l: [ info lﬁ-“';l ""E‘j °'—l—-l-—0 2
g o +
Control Window 0O Vas 0 0 0 +
T 0 0 0 +
[v b1 0 +
O Ab2 0 0 0
SinZP 0 0 0
uffers Displayed in ()| SimfX Dl 0l Ol
. play O unused 07 0 0 0 +
Overlay Window: Box, (] unused(08 0 0 0
. [ unused09 Sine, dv(LL/LR}->Buf09 408pt 0 0 0
ARBI’.SlmZP and 0 unused10 Impls, d{HA/HV]->Buf10,42._ 0 0 0
SimRX [0 unused1 0 0 0 +
O unused 12 0 0 0l + [|§®
0O unused13 Impls+MLS LoZP->Bud13.48... 0 0 0 +
Ol T uwsed 14 Impls, dbMR/LL}>Buf14 45... 0 0 0
[ unused15 Impls, db{MR/LL}>Buf15,45... 0 0 0
[ SineBuffer 16 Impls, dbML/LR}->Buf16,35... 50 0 0l «+
O unused 17 0 0 0 +
O unused 18 0 0 0 +
[ I Wtedls 0 0 0 +
MM v read M n n n -~ ;I
Aib1  Fiequency [ PhaseWrap  Calc+dB Offset | Cakc +PhOffset |
Bul->File File>Buf Irit Bufer(s) STOP - RUNn Heb

Smithl&
LarsonYAudio




1hiesWooferrlester?

Zobel Compensation Networks

e Simple ‘of the shelf’ Crossovers Assume Resistive Loads

e Zobels Make Voice Coil Inductance Look Resistive

/tData Overlay

Overlay Original and V Compute Zobel for Selected Frequency Select Frequency
Frequency lm

Zobel Compensated impedence _ Phase impsdence _ phese and Target
[67949E+00  [EB084E+00  [14000E+00 | 0.000E+00
Impedance plots Simulated Driver zP Desired ZPatFig Impedance
Solution

R | 15.129E+00
C | 53601E-06 3

Plot Zobel||Driver Here c
€ SimPx (termp)
& Arbl
ok | Cancl | Help
_/LTS Entry and Simulation Control =] B3
0/Fs Values Vas Values Box Values
Re 6.488E+00 | ] Ohms Vas [ 362.420E+00 [ L 12.799E+00 || £643  |Vbox [ 298.601E+00 [+ Lex 10. 5456400 |2 £643
Fs 16.729E+00 || He Dian[ 375.460E+00 |2 nm 14.900E+00 [ dnch | Fbox 19.102E+00 | hz
Qes | 387.986E-03 |2 54 [ 112.4948+03 [Ham'2 [ 174.366E+00 [H]in*2  [Lpore [ 253.367E+00 [H{um [ s.975E+00 || inch
Qus 9.019E+00 [ 5d [ 112.4948-03 [ w2 Dport [ 125.000E+00 | 4.921E+00 [ inch
Qes [ 371.984E-03 | BL 28.092E+00 || /A I show pipe resonance
Ren Xem modeling Rus [ 5.232E+00 X ohus-mech Gport [ 39.733E+00 |2 (Fpipe x1=252.1)
Ern | 784.028E-03 [+ Ohms Mus | 448.951E-03 [ kg Qbox 355. 751E+00 |
Ken 30.945E-03 | Cus [ 201.599E-06 [Hf n/l Qleak 27.138E+00 || Qpar=15.426
\ Exu | 686.503E-03 [ Kns 4.960E+03 |2 H/m Compute a Zobel @ Vented ( Sealed (" Band Pass  ( Passive Radiator
Start Zobel TOOl Lss1E-03 [HE TS From Data Sheet Auto-Align Vbox |
/..mrrﬁp/mvu & Speaker ( Phase ! @ RemXem Model I [Roon Boost.
or El’lter T/S from " ¥as  Arbz @ Sin Inp/Phase ¢ Driver  Xum i € Le Model 4.000E+00 || db/octave 0.000E+00 [ Reable
 Box  Port  Velocity  Simple Model 19. 528E+00 H_ Cutoff Frg
Mfr Data Copy Test->Sin Copy Data Butfers | ¥ lu->Reve ref level Volts->Zmax= 2.55 ¥ (157.30 ohms)
Watts->Re= 1.00 U {392.59 mA)
. 193E Tdrive BZmax
Print Simulation Axis Control | [ 16.1s3E-03 =i Vatts->Zmax= 41.25 W { 16.19 mA)

Help | 3.182E-03chase | PE Compression Watts->8ohu=611.02 u¥ (318.40 mA)

Smithl&
LarsonYAudio
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Measure any Crossover Component or Cable

e Measure Resistance, Inductance and Capacitance
— Continuous 1 to 20 kHz Measurement Range
— 0-3 mA Constant Current Range
— 5 Digit Accuracy at Full Scale
— Easily Measures Speaker Cables
— 100pF-1000uF, 100nH-10H, 10 milli-ohm to 1M-ohm range

i A Inductae 036 Leds OpenCo 0 Q/dlv 10 ohm cal resistor: 1 mQ/div, 1-20 khz
B A1
- Real-time Measures ‘II-.II
w000 -l 900+/-10 nH at 1 kHz

[ ~
B R...

. Auto | Data | Sweep,LoPur,ZP->Arbl
0.050
N .IIII.IIII : ) IIII.

. +/-0.03 degree l
-

5 B0 i Ilr
o A Y -
S A 4

||| ooy | | ][]l
N . R
900 nH (twisted) /
ol LI T TN L L
ol L LTI T 1T [T

"IIIIIIII it
1-20 kHz
A0 A

0050 ¢ 1o 100 1000 T0R_ 20K

Smithle]
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Tester Comparison Matrix

Feature Woofer Tester 2| Speaker Tester | Woofer Tester Pro
Precision Thiele-Small Measurement ot bt e

VAS Test with Phase Plug Area Calculation
Thiele-Small Simulator

Automatic Box Analysis
RLC Meter
Low Power Impedance Measurement

Low Power AC/DC Compression Testing

Sine, Impulse, MLS, Noise & Chirp Test Signals
32 Dual Data Buffers for Testing & Overlays
Sweep and Real-Time Run, Stop and RunN Control
Interactive Crossover Design™

Real-time Acoustic Analysis (RTA)

Room Decay Measurement

Swept Sine In-Air Acoustic Response
THD/IM/SINAD Distortion Measurement
Cumulative Spectral Decay & Waterfall Plots

FFT Display

SnapTS™ Real-Time Thiele-Small Testing
Microphone Compensation for Signal & Reference

Impulse Time Gating

High Power Thiele-Small Measurement

High Power Impedance

High Power AC/DC Compression Testing

Speaker Linearity Testing

DC Bias Testing

High Power Box Compression

Calibration Option for Measurements at Cable Ends
Air-Core Inductor, Zobel & Tank Calculators

Popup Data Labels in Graphs

Customizable Legends

Mobile, USB powered

Low power is up to 3mA drive
High power is up to 40V, SA, 200 watt amplifiers
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About Smith & Larson Audio

Smith & Larson Audiois based in the USA and is the home of the original Woofer Tester,
which was introduced in 1995. It was redesigned in 2005 and is in use by over 1000
customers worldwide. In 2006, the product line and our test capabilities expanded and now
include the Speaker Tester and Woofer Tester Pro. Smith & Larson has over 40 years of
combined experience in audio design and digital signal processing.

Please contact us at:

Smith & Larson Audio
PO Box 229

Savage, MD 20763
U.S.A.

Phone: +1-781-259-1804
Email: tech@woofertester.com
Web: http://www.woofertester.com
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