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VituixCAD
General information

VituixCAD ifoudspeaker simulation software. Design philosofgty simulateloudspeaker behawt infull space
Even though emphasisas power responsgpolar responseand directivity index, iis possible to design a
loudspeaker without comprehensive angled measurementss is not encouraged though

VituixCAD offers possibilito design andgimulate up to 8wvay loudspeaker. Each way can have up to 4 drivers in
different configurations.

Software package includes everything one needs for simulating and designing a loudspddk&emal to
simulator itself, there is enclosure simulator, resge merger and advanced calculator tool included.

This documents divided into three sectiongieneral information about the software, quick user guide and detailed
descriptions of tools, views and theory behind the software.

System requirements
 VituixCADs tested on Windows XP, &and 10
1 Microsoft .NET Frameworkat newer. Tested up td.7.1

1 Minimum screen resolution is 1024x7683)or 1280x72(0(16:9) but 1600x90®r more is recommended.
Installation and Upgrade

Folders of Wer files after installation:
= | | My Documents

= vituixcaD
Calculator

Endosure
Merger
Projects
Template

Command linearguments (optional)

VituixCAD.ex8path\T A £ Sy I Y S ©pensVituixCADprojectF A £ S SYRAY3I 6AGK dPOE LK

VituixCAD.ex€alculator Starts main program an@alculator tool

VituixCAD.ex&nclosure Startsmain program andenclosure tool

VituixCAD.ex®lerger Startsmain program andverger tool
Support

Presg-1 for help. The lateginline manuals openedto your default browser from internetAdd bookmark tdahe
browser forfast access to the latest revision.

You can save pdfocumentin (My)DocumentsVituixCAD folder to spga up loading or if internet connection et
continuously available. Noticd K| i L}2 daAo0f S dzLIRaIFi Keyas loggRay [6cal makiBal ifeuinde 2 dz
the folder.


https://www.microsoft.com/en-us/download/details.aspx?id=17851
https://kimmosaunisto.net/Software/VituixCAD/VituixCAD_help_11.pdf
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Quick User Guide
Preface

This user guide is a chronological walkthrough on how to design a loudspeaker with VituixCAD. Commonly, desi
process starts with deciding enclosure size, drivers, radiator type, alignment etc. Enclosure tool is used for
simulating enclosures, different radiator types and alignments. Next step is to have comprehensive set of acoust
and electrical measurementd the construction. Merger tool is used for combining far field and near field
responses. After these prerequisites are met, simulation phase can be stéftextherYour goal is to design a
speaker with or without interim listening tests, Y@#éetd quaity control of some sort. Some prefer their ears,
d42YS LINBFSNI YSIFadaNBYSyidad LT | f2dzRaLISH1 SN YSI & dzNE
heard, something is terribly wrong. This guide will not teach You how to listen a loudspeakeil] baver basic

QC steps and VituixCAD Calculator, which can be used for various calculations and manipulations for measured
data.

Building prototypes and crossovers are not covered in this guide. This guide will also assume You have suitable
measurement gar and software and undstanding about how to measuteudspeakedrivers for design
purposes More detailed description of tools and views arevid®ed inDetailed descriptionpart of this document.

Checklistfor designing a loudspeaker

Investigate acoustic parameters, dimensions, materials and speaker placement possibiliteebsténing room.t
is wise to fix issues @fad environmen(the room)first rather than tryngto handle everything with massivea
complex spaker design

Basic engineering

Decideacoustic desigrntype and amount otlirectivity, radiatortypes, ways, driver sizandcount
Estimate possible sensitivitgngeand crossovefrequency ranges

Select initial drivers and directivity c@onents to reach previous targets

Simulate low frequencyadiatorswith Enclosure tool

Simulatebaffle diffractionand export cabinet impact response

Desigrthe cabinet

Construction

1 Build flexible prototype or final cabinetdepending on uncertainties ithe design

1 Connect temporary cables to individual drivers or driver groupadoustical and electrical
measurements.

Measurements

1 Prepare turning table for polar response measuremeManual turning table is easy to make and fast to
use for example with Clid0/11 or ARTA.9.

1 Choosdlirectionsfor off-axis measurements’ou are not forced to measure full or half circle around the
speaker with constant 5 or 10 deg steps, lus highly recommendedSimulation igpossible withess
than 10directions peraxis D2 y @ateYourchance to getll measured data at onc&here is b need to
measure vertical axié vertical measurement would b&S |j dzI £  $oyh@idatd measuremenEa
example full range driver ithe centerof square box is symmetricad both directions

1 Measure polar response of each driver or driver group as far field measurethsmequal ofbxis angles
foralldrivers5 2 y QG £ SG Y S| & dzNR yidy: usadsenm il (of fullidalpka@neNIzLIG O
measurement to lock time reference to mic capsule. Measure 4ivimelowedresponses fronthe sameor
at leastknown/measuredlistanceto the reference pointo maintain common time reference with
different ways & divers.

1 Measure near field responses of midrange and woofer cone(s) and pibe(sgchoicenvironmentis not
available Arrange radiator to half space to avoid baffle I&sne amount of baffle loss exists with small
cabinetsin full spaceeven if measuement distance is less tham&m. Use same output voltage with far
field measurementif possible without clipping or excessive distorfiem help merging of neafield and
far field measurements.

1 Measure impedanceesponse®f each driver or driver group

E R ]
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Merge and manipulate response data
1  Mergefar field and near field responses withergertoolA ¥ @ 2dz RARY Qi Y S| a dzNB
(<300Hz) from far field in anecho@nvironment
1 Includecabinet impact respaose (from diffraction simulator)n near field response
1 Export merged responses separatéxt-files (or as extended data fild smoothing is not needed)
1 Smooth responses witBalculatottool if necessary.
Simulateloudspeakemwith VituixCAD
Create new empty proje@nd enterDescription
Insertnumber of ways
Selectnumber of drvers and electrical carection
Enter driver names, locations and possible rotation or inclination
Insertfrequencyresponses
Insert impedance response
Outline rough tagets foraxialresponseandpower response
Outline rough targets foaxial esponses per way
Desigrthe crossover
A Insertfilter blocksmanually or bythe Wizard
Adjustparameter/componem valuesof filter blocksmanually or by théVizard
Play withcircuit topologies angpbarameter/component/aluesuntil axialresponse power response
directivityindex polar responseandimpedanceresponsameet Your targets.
Saveprojectperiodically { | @ S mdstipmisingntermediate results
Built and instaltrossover
Quality control
1 Mandatory Q@neasurements
A Angled measurementis horizontal and verticaplanes at least 30degsteps
A Impedance response
A Listen to Your favorite tracks
If you are not satisfiee> back to drawing board
Additional Q@neasurements
A Excess groupalay
Harmonic dstortion
Intermodulation distortion
Compression
Acaustic compatibility to your listening room; room responskarity parameters

=4 =4 -4 4 -8 _8_9a_4_-2

> > >

>~

> > > > >
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Detailed descriptions

Main window

™ VituiCAD: Ch\Users\kimmo\Documents\VituixCAD\Projects\Epe-3W_demo\Epe-3W_demo_19-measaxp

File View Tools Options Help
Drivers Crossover o5 SPL 120 21 GD & Phase 120
Description Way 50 135 12 3 135
Epe-3W demo Erable 1 2 3dJ40s0Os 25 /] R ST N 90 15 ;/ \ \\0 30
Skt ®1 0203040506 g/ SR va s o i o
7 / I\ T ™~ 1 \—\\m
Count & connect ] p o E o
ID Name XKmm  Ymm Zmm Xdeg Ydeg 0 / L/ .5 & \ ) 45
1 driver ~ / - -
© o D11 Wooker : o] AR ol s N ! .
o &0 f/ \L\ \ -135 o \ 135
55 -180 -3 -180
100 1000 10000 100 1000 10000
Power & DI Filt
- 105 e 0 1w o
Frequency responses |5 | | 9k Comman for Way 100 5
C:\Users*kimmo'\Documents\VituixCAD'\Projects'\Epe-3W_demoMerged', o5 A T— 15 0 =
22 e — —
File/Header Hor Wer 2 a0 =\l 5 s B—
T —
Audax_HM170218_100cm_hor_L 0 merged bt 0 85 / d \ 10 10
Audax_HM170218_100cm_hor_L 1000 merged bd 10 0 ) 7ed J‘—wf\"w/ 15 = A
Audax_HM170218_100cm_hor_L 2000 merged bd 20 0 75 / / /j 5 20 A
Audzae_HM170218_100cm_hor_L 3000 merged bd 30 0 70 l __//_/ 25
Ay
Audax_HM170Z18_100cm_hor_L 4000 merged bd 40 0 65 o -30 A
100 1000 10000 100 1000 10000
Audae_HM170Z218_100cm_hor_L 5000 merged bt 50 0 0 o (h |
ectivity
Audace_HM170218_100cm_hor_L 6000 merged bd 60 0 irectivity (her) 40 ,“' deam\; 7 180
Audace_HM170218_100cm_hor_L 7000 merged bd 70 0 35 “ f\ 135
Audaoe_HM170218_100cm_hor_L 8000 merged bd 0 0 30 ”1 + \ ff 80
Audax_HM170218_100cm_hor_L 9000 merged bt 90 0 25 s 7 45
Auda_HM170218_100cm_hor_L 10000 merged tt 100 o, 20 |' \ A% / \ — 0
A U ARE===="
Scaling dB  Timing us [ Invert 19 responses 10 / \j Y ~ 20
= Sedn Reference angle -'HJ deqg hor \_;A__
Impedance response | | - 5 — -135
|Jocumems\\frtuNCF\D\Pmjacts\Epe—BW_demo\\mpedancerax_HM1?DZ1E_ZFK_LN| - o 100 1000 10000 -18
Scaling [Freq. 522Hz [Group delay 208ms  [Phase 178deg |

Main window is divided into two sections, control section on the left and dashboard (graphs) on the right.

Menus
File
New (Ctrl+N) Create mw empty project
Open (Ctrl+O) Open existing project
Recem > Open previouslypenred project
Save (Ctrl+S) Save current project
Save a¥ Save current project with a differefitename
Export > Exportof Frequency response, Frequency response of WayePmsgponse,
Directivity Index, Impedance respon$group delay, Filter gain of Driver,
Impedance response of Wagolar frequency responseBiquad coefficients
of Way
Exit Exit VituixCAD
View
Crossover schema  (Ctrl+F) Open cossoverschematic windowpreview only)
Optimize (Ctrl+T) Open SPL Target settingd Optimizewindow
Parts list (Ctrl+L) Open Parts list window

Impulse response  (Ctrl+l)  Open Impulse response window for preview and export
Power dissipation (Ctrl+P) Open Power dissipation window

Units Show engineering units (Ohm, F, H) in schema windows

Part # Show part numbers instead of values in schema windows
Tools

Endosure (F3) Open Enclosure tool

Merger (F4) Open Merger tool

Calculator (F5) Open Calculator tool

Diffraction (FO OpenDiffraction simulator

SPL Trace (F7) Open SPL Tracer tool
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Auxiliary (F8)
Options
(Alt+O

Help

Online ManuaEN (F1)
Online Manual DE
About

Driverstab
Ways

11":!'3"_."
Enable 1 12 13 [
Select @1 CO2 O3 0O

Enablecheckboxes control how

Open Auxiliary calculator

OpenOptions window

Openuser manual in English
Openuser manual in German
Information aboutVituixCADView changelog.

15 0e
O5 068

many ways is in the project. If You are building a two way loudspeaker, check 1 ¢

2. First way is usually tHewest frequency range. Ways are possible disable while desigessedthout losing
entered data. This enables focusing to a single way after whole project is built up. Unusembuldydso save

alternative designs which can b

e swapped with primary design for comparison.

Selectadio buttons control which waYou areurrently working on.

Count & connect

1 1 —
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—
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VituixCAD supports up to 4 driwgrer way. Available configurations are serig} parallel (2)and

seriesparallel(3).

Driver list

Each driver can be provided witlame andocationrelative tod R S rg@éyDesign oigin is typicallendpoint of
listening axis on front bafflsurface X[mm] is horizontal coordinatef center point negativeto left and positiveio
right. Y[mml] is vertical coordinate; negative down and positive Zipnm] is horizonial distancecoordinate;
negative closeto micand positive further from mic.

Horizontal ptation X[deg]or vertical inclinationY [deg] of driversisalso supported, but anglehould follow
measured directionbecauseVituixCADdoesnot interpolate frequency responses betweasff-axis angles.
RotationX[deg]is positive to right, and inclinatiovi[deg]is positive to up.
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Multiple driversshould beentered as a single driver if they are measurethmprototype cabinet as a packagall

connected to paver amplifierat the same timelLocation is entered as a differenbetweenmeasurementind
design origins

Examplel: location(X,Y,Z¥ (0,0,0) ifmultiple driver package is measured on desftistening)axis.

Example 2: Location (X,Y,Z) =4@0,0) ifmultiple driverpackage isneasuredd00mm belowdesign(listening) axis
Frequency response

l RR RNAGSNINA& FNBIjdzSyOe N draggingdiléanto tesponSeligtadicanyise F2f RS

individualoff-axisresponses or LspCAD extendedtat file createdwith Merger tool Delete buttorX clears

response listDrivers #24 are able to use all measurements of dri¥érby checkin@ommon for Way

Maximumof 74 frequency response measurements per drilsupportedLoadedresponses argerified against
other ways & driversDirections which are commo for all enabled ways andrilzers are included in simulation

|C:\Llsers\l-(immo\Documerrt5\VrtuixCAD\Projeds\Epe—BW_demo\Far\ |

File/Header Hor Ver 2
e NN 508 en etz 00
Vifa_M10MD-33-08_100cm_hor_L 5006¢ 5 0
Vifa_M10MD-35-08_100cm_hor_L 1000 td 10 1]
Vifa_M10MD-33-08_100cm_hor_L 1500 b 15 0
Vifa_M10MD-39-08_100cm_hor_L 2000t 20 0

|C “UsershKimmo*Documents'\ LspCAD \data"\Epe’ 20140113\ EdenderVifa_M10M D—39L(|

File/Header Hor Wer 2
Mo
HH EXTENDED DATA #H OFF AXIS 5.0
## EXTENDED DATA 85 OFF AXIS 10,0 10 0
H#H EXTENDED DATA &5 OFF AXIS 15,0 15 0
## EXTENDED DATA 85 OFF AXIS 20,0 20 0

Sealing dB Delay D us [ Invert 15 responses
Z=0mm Reference angle EI deg hor

Frequency responses can be scaled (d8gyed(+ us) and polarity can be inverted with contrdislow frequency
response lis HorandVerangle can be modifiedly entering new value to the fielflprogram fails to parse value
from thefilenameor measurements arewappedntentionally.

Reference anglis direction in horizontal plane which is shown as axial response in &, & DI and Phase
response graphsilsodirectivity index calculation is usifeference anglas main axis. Optimizing to single
off-axis direction is useful if axial response is bad oreptesentativeor measurement data is poor and accurate
power response approximation is not available. Default value is 0 deg hor.

Impedance response

Selectimpedance response file for a driver(s) by clicking folder buttodropping file into text box

Impedance response can be scaled as well with a nfieltipf multiple drivers are entered as a single driver, scaled
impedance response should represent total impedance of the driver package.

Supported frequency and impedance response file types

VituixCAD supports talspaceor semicolordelimited .txt or .frd or .zra (for impedance). Following software
exports are supported:

AudioTools
ARTALIMP
Clio

Edge

FRD tools

=a =4 -4 -8 9
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T HOLM Impulse

1 justMLSLspCAD 6 extended format
1 Klippel

1 LspLAB

1 REW

i SoundEasy

1 XSim

Crossovetab

Flter schema

0.360 0.18mH  1.80 47uF 0.360 0.47mH
2 v |

X aw

T
SEuURIpLY

HWe L U6k°E

E
Ol

KA
< > (X

BHQ—:— —— e e e

T T 2 e 5 =2 ST
Pl =t ull =] =00 === 0T

(®) Replace

<> (o] (R (R B[O o

Maximumof 15 filter blockscan be assigriefor eachway via Crossover block memu a wizardDrag & dropfrom
menu to schema is available.

Filter blocks can be movédyy Drag & drop or forward and backwardswithin the same netby clickng arrow
buttons on the rightSingle block can be copied 6yl + Drag & drofSelected blockan beremovedby clicking
delete buttonX. Filter network can be deleted by pap menu (right clickiNetwork can beCopy- Pasted b
another way or project by popp menu. Selected block can be bypassed by checkdowlibutton on the righ.
Bypass status of all blocka the selected way is inverted by clickiBdputton. Bypassed blks are grayed in
schema view

Up to ten most recentcrossover changes and situatis before parameter adjustment can be restored withdo
(Ctrl+Z) command in context menufifer schemaWay settings such as gain, delay and invert, and every single
parameter change is not saved to undo buffer.

Schema view can be expanded over Block menu, Connection menuiaai\y clicking expandition £
Schema window showing totatossovemwithout bypassed blockand disabled waysan be opened bgelecting
+ASoM NRPaa2@3SNI A0KSYl o6/ GNXI bCO

Insert/Replace/Append mode

Filter blocks are placed in the schearaordingmodeselection In Insertmodenew blocks are placed under the
cursor without overwriting existing blockReplacenodeoverwrites the block under the cursdReplacenode
activatesautomatically when anfilter block in the schema is clicked.Appendmodenew blocks are addedght
after currently selected blockfou can toggle between modes kadio buttons ompressingnsertkeywhenmouse
cursor isoverschema.



VituixCAD
Version 1.1

PagelOof 44

Insert cursor Replacecursor Appendcursor

0.350 0.18mH 0.350Q 0.18mH 0.350 0.18mH
T mne— L rii—

Fiter block types
Active Low pasand High pass filters)(fShape and Orderre selected from list boas
1% order
2" order (Q)
LinkwitzRileyl12...48 dB/oct.
Bessell2...48 dB/oct.
Butterworth 12...48 dB/oct.
Chebyshev 0.5dB2...48 dB/oct.
1st orderlinear-phase
2nd orderlinearphase(Q)
LinkwitzRileylinear-phasel2...48 dB/oct.
HorbachKeelelinear-phase(R)
HorbachKeeled a ¢ didearphase(R)
Brickwalllinearphase
Active Shelving Low paard High pass filterd, gain) Shapes selected from list box
1 1'order
2" order (Q)
1 1*orderlinearphase
2" orderlinearphase(Q)
Active LinkwitZTransform (fo, Qo, fp, Qp)
Active Al-passfilters (f). Shape and Ordaare selected from list boxes:
1% order
2" order (Q)
1st orderphase linearization
2nd orderphase linearizatiolfQ)
Linkwitz-Rileyphase lirarization12...48 dB/oct.
BesseHPphase linearizatioi2...48 dB/oct.
Butterworth HPphase linearizatiod2...48 dB/oct.
Active Peak/Notclilters. Shapds selected from list box:
1 Parametric EQ (f, Q, gain)
1 Gain EQf, Q, gain)
1 Phase EQf, Q, phase)
Transfer function file, any supported response file type

= =4 -8 -8 _-a_8_48_48_-4_-°_-9_-2

= =4 -8 -4 8 _a 19

Passive R1

Passive C1

Passive R1+L1

Passive R1+C1

Passive R1 || C2

Passive (R1+C1) || R2
Passive (R1+L1) || R2
Passive (R1+C1) || (R2+C2)
Passive (R1+L1) || (R2+L2)
Passive (R1+L1) || (R2+C2)
PassivéR1+L1) || (R2+C2) || R@arallel notch)
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Passive R1+L1+(Series notch)

Passive (R1+L1+C1) || R2

Passive Lattice gtlass

Passive (R1+L1+C1) || (R2+L2) || R3
Passive (R1+L1+C1) || (R2+C2) || R3
Passive (R1+L1+C1) || (R2+L2+C2) || R3

Important! Activefilters havingolue textare NOT minimurphase. Blockin the schema viewhaveW C L wier (i S E
information. Convolver plug or DSP device with FIR features is needed for real life application. Transfer function
of active filters per way can beported asrinpulse response in wav oit file format. See section

Impulseresponse

Biguad coefficients
Active IR blocks can be exported or copied to clipboard as digital biquad filter coefficients b0, b1, b2, al, a2:
EJU + b2 1 +bgz 2

H(z) =
) l+a1271 +ay272

Famat iscompatible with miniDSRover/PEQ\dvanced view.dt example3™ order ButterworthLP1000 Hz:
biquadl,
b0=0.004015505022858,
b1=0.0080310100457186,
b2=0.004015505022858,
al1=1.86140844453211,
a2=0.877470464623539,
biquad2,
b0=0.061511768503622,
b1=0.06151768503622,
b2=0,
al1=0.876976462992757,
a2=0,

Biguads of Way can be exported as text file tle-> Export> Biquad coefficients of Way

Coefficients can be copied to clipboard with context menu of filter schigimlat click)
CopyBiquad coefficientsf selectedBlock (Ctrl+B)
CopyBiquad coefficients of Way (Ctrl+W)

Note! Select correct sample rate frohmpulse responswindow before copying/exporting biquadsIR transfer
function file, passive anbly-passedlocks ae ignored.Stability of biquad filters is nathecked

Connection

Active blocks are always common for all drivers as they are placed lpefaer amplifier. The amplifier is
connected togpassive network and driversocation of passive block is selectabilConnectiomenu

9 series in common (way) net
9 shuntin common (way) net
I series in driver's net
9 shuntin driver's net

Connection
Common Drver1  Driver2 Driver3 Driver 4

= — — — —
I 0% 0K 0w 0
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In common net, filteis connectedn parallel (shuntyok y aSNA Sa gAGK [ ff RNAODSNHEOD
to the particular driver.

Passive filter block can be connected as shunt by preSsiiftkey while droppingr adding block into schematic.
This eliminates extra clicking of Shunt button (in Connection group) when adding shunt blocks.

Flter block can be dropped algnto Connection group to assign bldokfinal driver's netThis elimmates extra
clicking of Series/Shunt D1..4 button wheahding blocks into driver nets

Wizard

Wizard
Passive Parallel notch

Linkwitz-Filey

_...
—
b
4
I
i

-
Wizard can be used to adxt replacepassivdilter blocksor update parametersThe bllowing filterstypes are
availablethroughthe Wizard

Passive High pass; 1st...4th order Bo#torth, Bessel, Chebychev 1.0dBLinkwitzRiley(f, ZL)
Passive Low passst...4th order ButterworthBessel, Chebychev 1.0dBLinkwitzRiley(f, ZL)
Passie Parallel notch (f, R, Q)

Passive Series notch (f, R, Q)

Passive Lattice gtlass (f, RL)

Passive Zobel (Re, Le)

Passive{pad (ZL, gain)

Other typesshouldbe added manualljo the block list

=4 =4 -4 8 8 8 9

Filter Hocks created by the Ward areplacedaccordingReplace/Insert/Appendnode. Higher order passive filters
and Lpad need multiple block&Replacingvith multiple blockanayrequire confirmation:

VituieCAD

Existing block is not created with the same Wizard type or order.
Owerwriting may cause cellateral damage or leave garbage to clean
rmanually.

Do you want to continue?

Parameters/components

Parameters/components:

Opt Mame Pat# Walue Uit

R N 035cm | (A

L1 L2011 0.18 'mH v

R2 R2012 0| ohm Snap

c2 c2mz 36 |uF O 5%

R3 R2013 4.7 |ohm @® E12
(O E24
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Selecting filteblockopens correspondig parameters€omponents tahe list Component values cebe entered
directly to theValuefield. Additionally, component value can be incred&lecreasedy Alt+Up/Downkey or
arrow buttons on the righor mouse wheellncrement is defined by compone@apvalue. Availablealuesare
5%, E12r E24.

Parameter will be included in frequency response optimi#fiptfield is checked. Otherwise parameter is
excluded and existing value lock&keOptimize

Way # settings

Way 2 settings
[] Gain dB
Clous o

Invert 0'mm
Enabled

Adjustable active gain [dB] and D&®#tay [us] are avaible for each wayGain and @lay can be adjusted
automatically with timizerby checkinghe label SeeOptimize Polarity of theway canbe inverted byinvert
checkboxEnableds a mirror twin with checkbox oRrivers tab

Dashboard Graphg
SPL
50 SFL —_— — 180 21
__,.-:'5"‘-'_-‘- — R
25 ¥d LA wﬁw\ 135 18—

Fimn s

a0 / \'Z - gp | @ Optimizer Ctrl+T
75 / = - | / "\i i Show target line
70 / // \/ '\‘\' , o Show normal phase

/ g /"\,_ i ] Show minimum phase
® / / / \\ o 45 Show excess phase
BD/ / it / | . : N . Export image
B5 - / I

50 il

V\\ 5 -135| = Export six-pack

\\I Y qen 3 | J |

100 1000 10000 100

By default, SPL graph shows total SPL, totateB@tt, SPL per waysPlper individual driveandtotal phase All
lines areresponsedo Reference angleseeFrequency response€olor coding for traces:

TotalSPLblack

Total phasegray. Optional, disabled by unchecking Show Normal phase in context menu.
Minimum phase:lime. Optionalenabled by beckingShowMinimum phasein context menu.

Excess phase: steel blue. Optional, enabled by che&king/Excess phasa context menu.

SPL per wayed, green, blue, orange, cyaolive

SPlperindividualdriver. light red, light green,light blue, light orange,light cyan light olive
AdjustableSPliarget: magenta Optional, disabled by unchecking Show Target line in context menu.

SPL Target can be adjusted by dragtfiedine ends with mouse&vhile Shift or Control key is presséhis is target
line for axial response optimizin&eeOptimize

Zooming

Every graph can be zoomed to full size and back to dashboard by double clicking in ntidellehairtarea
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Power & DI
100 Power & Ol 2ol @ Optimizer Ctrl+T
o5 Show target line
a0 /- —" 15 @ Take snapshot
/ et 5 Open Power response overlay...
25 e — = ey i, .ll .
/ / e [~ Open Reference angle overlay...
20 10 % Open Directivity Index overlay...
75 / / /-\,_w -,-W\ VI Show Power response overlay
70 / 5 Show Reference angle overlay
/ Show Directivity Index overlay
65 [
) " v
& 100 1000 10000 ¥ = Export six-pack

Thisgraphshows power response approximation (bluegquency responst Reference angléblack)and

directivity index (red) traces. There is also adjustadtget trace (magenta), normally set for power response.

Target can be adjusted by draggiheg line ends with mousavhile Shift or Control key ig@ssed This is target line
for power response optimizingeeOptimize
See OptionsPower response & DI calculatifor more information what is included in the calculation and how it is
calculated.

Chartcan include thre®verlays, typically one for each curve. Snapshot/overlay menu opens with righfTeliak.
shapshottommand saves current situation. Overlay responsesatsobe loaded from frequency response files.
Power response and Reference angle overlays are staleft Y-scale, and Directivity Index overlayright Y-

scale. Visibility of overlays is seleciadividuallywith Show overlagommand.

Directivity

95

Directivity (har)

90
&5
&0

Directivity (hor)

Directivity (hor)
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Directivity chartoptionscontext menu(right click orthe graph)
Dizable

E Line chart

. Area chart
ﬁ Surface chart 7671 Hz, DI=10.4 dB Directivity (hor)

N 0
E Polar map 0_— E T

() Polar chart

60 |

Horizontal plane

Vertical plane

-
E¥  Megative angles in front
T  MNormalized

Contour lines 120° S e - ~120

Export image 150~ | =150

Export six-pack < >

L A

Thisgraphshows directiity simulationasline chart, area chart, surface chart, polar map (aka heat mapplar
chart You must have frequency responsiesall anglegcommon for all ways and drivergpu want to show in this
graph.Response tdreference anglis emphasied with thick line

Rotation inclination zooning and panningare available forsurface chart with dragging and wheeling wéth
mouse Pangraphby presing Ctrikey while draggingLimits forrotation and inclinatiorare 10X mOrdeg
Checkind?olarchartwill show pola plot at frequency selectedith horizontal scrollbar.

Checkind\egative angles in fromwill invert angleaxis of the plot.

CheckindNormalizdwill show flat response tReference angle

CheckingContourineswill showedges ofevel ranges wh Polar mapLevel gepsare initially 3dB.

Group delay & hase

1 GO & Phase _ 180
18— e \H 135
o
15 JIJ ‘l i AN 80
\ N ‘“\\\\

12 ____h\_;_x\ [ -.\_51(::*_#\_\ 45 @@ Take snapshot

9 = k o . 0 < Open overlay...

: \ ‘“n,_\:\ \ 45 Show overlay

= - N

3™ \—..._ N | a0 Show normal group delay

0 \.\ | ) ]\ 115 Show excess group delay

3 A ik \ l\ 180 « Exportimage

100 1000 10000 » Export six-pack

Thisgraphshowstotal group delayblack)andphaseresponse of individual drivete Reference angleColor

coding followghe same rules as defed in Ways section. OptionBkcessmup delay(steel blue) is enabled by
checkingShowExcess group delay context menuGroup delay can be hidden by unchecking Show Normal group
delay.
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Filter

Filter

kY
35 : A y \
-0 /. / \ kY
100 1000 10000
Thisgraphshowsfilter gainof individualdrivers Color coding followthe same rules as difed in Ways section.
Impedance
a0 I|| : Impedance llr : 120
2 HA \ /{135

30 h| .e’l\ /£ |90
25 “ \ \ J 45
» | B /I \ S
15 LA \ rid 45

\ / s
' 0 o , - ake snapshot
10 f U \ e / \\ f'ff{ a0 Open overlay...

5 ‘\%___#A-________ﬂ £y 125 Show overlay
0 180 « Exportimage

100 1000 10000 »  Export six-pack

B

Thisgraphshows total impedancenagnitude(black) total impedancephase (gray) and impedance response
magnitude per way. Color coding follotte same rules as defined in Ways section.

Phase, Filter and Impedance clgacan show one overlay cun&napshot/overlay menu opens with right click.
Take snapshatommand saves current situation. Overlay can also be loaded from frequency/impedance respons
file.

Optimizer
SPL Targeturve of Way

™ Optimizer

SPL 4B
High pass /\ Low pass

Mone w Linkwitz-Riley w
Y
N |2 o N |2 o
¢ e

Each way can be assigned wath individual target curve. Optimizer window can be activated with context menu of
SPL chart. Select Axial response, Way # to show target curve. High pass, low pass and band pass curves are
available. VituixCAD supports the following target slopes:.&h order Butterworth, Bessel, Chebycheb dB
andLinkwitzRiley

Target SPL level can be adjusted manually using the text field or read automatically from total SPL target by clicl
binocular button®®. Filter design can be selected from the first dropgh menu (High pass or Low pass). Second
dropdown menu (N) controls order of the slope. Corner frequency of the slope is adjusted in the last text field (f).
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Optimize

Optimize

() Axial response, Way 1

() Fitter gain. Driver 11

(®) Auial response and weight % [] Seek level

1000 | ... |5000 Hz

Power response % [ Seek level
Minimum impedance ohm
Include ways

M1 2 M3 M bde

Passive compaonent snap

® Mo (OE1Z OE2 (O E48
Evaluations I:l / Emor I:l

Axial response of currently selected way can be adjusted automatically to the targheblingAxial response,
Way #. Create target curve in this window and specify frequency range with two text boxes where optimizer is
allowed to calculate squared error to targ&elect parameters to be optimized from Parameters/components grid
in Crossuer tab.Start solver withOptimizebutton.

Filter response (magnitude only) of currently selected driver can be adjusted automatically to the target by
checkingrilter gain, Drivert. Open target response to overlay of Filter chart apdcifyoptimizedfrequencyrange
with text boxes. Select parameters to be optimized from Parameters/components grid in Crossoatatabolver
with Optimizebutton.

Total axial and power responses can be adjusted automatically to the target lines by chedkimgspanseand
Powerresponse Weighting between responses is controlled with percent values. Higher value produces smaller
difference between target and response. For example Axial=60%, Power=40% allows more error in power respo
than axial response which calbe better if speaker is very directive or intended listening distance is very short.
Response is optimized to both slope and level of target lipeheckingseek levellf unchecked, optimizer does

not care about leveljust slope within range of targdine.

Target lines are set in SPL and Po&@&l charts. Optimizer calculates squared error within frequency range of
each target line. Select parameters to be optimized from Parameters/components grid in Crossover tab. Include
gl ea ¢AiK OK Stérfsoheindi@ptimizebitton. CheckMinimum impedanceand enter preferred
minimum value to text box if you like to control impedance respo&gpiared erroincreasesf minimum

impedance drops below the settinglinimum is detected from total impedee while optimizing axial and power
responsesMinimum is detected from impedance of selected way while optimizing axial response of way or filter
gain.

Passive crossover components can be rounded to the closest value in starslidsy selecting E1E24 or
E48. Note! Values are rounded after optimization which will increase squared error in the end.

Optimization could end up to bad result if initial parameter values are too far from good solution and method find:
wrong local minimum. Adjust paramegmanually closer to acceptable solution and restart solver @jgtimize
button. Result can be rejected withndobutton. Undo is able to restore up to ten most recent changes.

Optimizer stops when error is zero (rarely)Sippbutton is pressed or maxium evaluations is reached. Initial
maximum is 300 evaluations. Simple problems with only few parameters to optimize could be solved with less th.
100 evaluations.

Optimizing can be accelerated by disabling Directivity chart, especially Polar map s Shert.
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Schema window

™ Crossover schema

™ Crossover schema

110 4.7mH i R1011 L1011
e e
+ +
g ]{é 3, ]{é
= [ [=] == [ [=]
Bl 7 ] 7
0.350 0.18mH 1.830 47uF 0.360) 0.47mH ) R2011 L2011 R2029 C2021 R2041 L2041
I—| [ oo [ 1
00 36uF 2012 C2012
Lt [ ] a
4,70 I — = R2013 — =
< In = — = 1a =
- = [z o T= (52
%c- 1 8 +o
=i =
1.3uF 220 C3011 R3031
3—il 1 3—il —
= P
L
[53] . + = S -+ =
Fl a3
= B o - B
w Al S = BE
3 =
u
W W
£ > £ >
Units Part #

Schema window showtbe total crossovenetwork without disabled ways and bypassed filter blacgibility of

valuesandunitsor component names is contilted by Unitsand Part#in Viewmenu

Parts Ist

™ Parts list

Way 1
R1811
Lie11
c1e21

Way 2
R2811
L2811
2812
R2813
R2821
c2021
R2831
L2831
R2841
L2841
c2e51

way 3
c3e11
R3021
L3e21
R3831
R3e41

] =]
Bt
B

R @@ W H@@Hwﬁl—‘h*mm
[E T R TT] T Y [ [
Ll ooa =1 ) B3

o

chm
mH
UF

chm
mH
UF
chm
chm
uF
chm
mH
chm
mH
uF

uF
chm
mH
chm
chm

Parts list showpassive filteromponens andvaluesas text Listcan be copied (right clickelect All, Copyand
pasted to Your favorite spreadsheet or text editBiease be careful when coppasting, resistance afilsare

shown as individual sastorsor included in value of actual resistiorseries with the coil



VituixCAD Pagel9of 44
Version 1.1

Impulse response

Transfer function of active filters per way or total/axial SPL can be exported to impulse regpoms=domain

Typical application is to produce impulse respoaseavavfile for speaker controllewith DSFFIR supporor

convolver plug. Passive filterg¢per driver)cannot be exportedlirectlyto impulseresponsebut it is possiblevith
workaround:repla@RNA S NDa | O2dza G A OF £ T NBtljedzons@nd expdtdtalaxaksBL & A
responsewhile other waysdisabled

Frequency response is extrapolated to colwand fromO Hzto Sample rate / 2Hz(Nyquist)before inverse Fast

Fourier TransformAfter inverseFFTimpulse response is multiplidaly window function to reducertifact errors
due to spectral leakage.

™ Impulse response — O x

Active Fitter Sample rate | 44100 ~| Hz Directory |C:\Users\kimmo\Documerds\\frtubd:AD\Projects\Test |
Way 1

O FFTlength 65536 Flename [ExportiR_test_IR_Way1 |

Taps |16384 samples  File format | 32:bit IEEE mono {wav)

IR window | Blackman - Export
Center IR
Pre-delay |[185.760 ms Close
(O SPL
Step Impulse Window | Window function Time 182.7 ms Value 0.99 bd @ oo
10 Impulse response
0.0 \ LN

Sample rate 44100, 48000, 8000, 192000 Hz.
Initial value is 44100 Hequal toCD audio

FFT length8192, 16384, 32768, 65536, 131072, 262hi¥.
Initial value 165536 Frequencyeasolutionof FFTis calculatedsample rate / FFT length
For example 48000 Hz / 6553® 732 Hz.

Taps 512...13107Zamples
Maximum &ps is limitecup to FFT length / 2Up/down arrow keys step value to the next 2

IR window function: Rectangular, Bagtt, Hanning, Hamming, Blackman, Blackribarris, Nuttall, Blackman
Nuttall, Cosine.

Initial window is BlackmaiCheck shapand centeringriagraph with adequate time span
Seewikipedia:Windowfunction. Note: Advanced window functions are designed for spectrum analyzing wgth h
S/N where silent side lobese required IR export works fine with classic Blackman, Hanning etc.

Center IRshifts timing of source frequency response before invéis& by increasing phase angledblay *
frequency * 2pi rajl Added delay is half of the impulse response length. Impulse peak is not necessarily located
exactly at the middle point. Added delay is showiPra-delaytext box. That value can be entered copied to
analyzing application to restore timing/phase of original frequency response.

CenterlRcan be uncheckeif centering is not needed, typically with fiRers. Delay of 1.0 millisecondasided to
allow minor preringing and timing toleranceithout trimming first samples of the impulse peak.


https://en.wikipedia.org/wiki/Window_function
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File format 16-bit PCM mono (.wav), 16it PCM stereo (.wav), 32t IEEE mono (.wav), 3t IEEE stereowav),
64-bit IEEE mono (.waw4-bit IEEE stereowav),32/64-bit mono (.txt) miniDSP binarfile (.bin), miniDSP manual
mode (.txt, copied also to clipboard)

Signal inl6-bit PCM wav is scaled #3276Q and IEEE wav #0.999 to avoid notification of possibly clipped
values.Stereo wav has the same signal in both channels.

Value scaling in teXile is equal tasourcefrequency responseélext file has single colunfrom 0.0 s with step of
1/Sample rate [s]:

8.49378929663085E5
1.6419443057525LE5
-3.17746589425256 p X

MLSSA headearan be added in text fil help reading impulse responsétiwvapplications havingSCIll MLSSA file
(.txt) import - like ARTA

0 start character
0.02267573696145121000/Sample rate
16384 taps

Impulse and stepurvesare updatedautomatically with selected IFFT parameters when crossover is changed. Tim
scale ca be expanded and compressed with arrow buttons. Graph can be zoomed to full window fortifesign
preview.

Power dissipation

Graph showelectrical power spectrum of amplifier outpahddrivers andesistorsin passivecrossovenetworks
Cursorabelshowsdriver ID and namer part numberand resistance valué&/isible curvesan beselected vith
checkboxesAdjustable parameterfor output signal from power amplifier:

1 Maximumvoltage or power ta@onstant8 or 4 ohms loadelative togain ofway.

1 Qestfactor. Ratio of maximum output to the effective RMS vailnelB representingcompressiofioudnessof
music signalValue should bshortterm minimumto ensure that esistorsare ablestore anddissipate energy.
Typical cest factorfor whole musictrackor albumcould be too high

1 SpectrumHat or Pink noiseabove specified frequencifink noiserepresenteffective RMSpectrumof music
signal.Typicalcorner frequencyof pink spectrumis about 2 kHzut significant variation existwithin music
genresand recordingsinitial value is 3 kHz.

" Power dissipation

Max output v Spectrum Show curves
W to 8 ohms O Fat Output
W to 4 ohms (® Pink noise above |3000 | Hz Resistors

Crest factor dB Drivers

50 Power dissipation

40

30

20
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Options
Angle parsing from filename Frequency axis
Keywords Search direction Mumber format (O 10...40000 Hz

Horizontal (O From beginning @® Integer mutiplied by @ 20..20000 Hz
Vertical ver (® From end (O) Decimal separator EI ] .. |2000 | Hz

Test: |Midrange_h0r15.txt | Test deg SPL, Directivity

Span |40 ~ | dB

Frequency responses Power response & DI calculation
Mirror missing angles (®) Intensity on spherical surface Group delay
Active PEQ response as analog RLC () Intensity on cylinder suface Span ms
[] Active IIR response as digital biquad e T ] Filter gain
Bessel phase nomalized . A
a P Include vertical Max v dB
Listening distance 3000 | mm [] Half space Span |40 »
Display Image export Impedance
Crossoverfont | Trebuchet MS i Single Wx H px Max |40 w~ | Ohm
Shaw Toottips Siw-pack Wx H px
Extemal tools
Baffle difraction | x

LTSpice IV |C:\Users\kimmo\Documents\LTSpiceI\J"\scad.?..exe |

Web search |Hl'tps:f,-‘www.google.com;‘search 9=

Angle parsindgrom filename

To allow VituixCAD to parseeasurementngles and axifrom frequency response file¥ ou have to definéile
naming format/syntaxKeywordsdefine how to dstinguishbetween horizontal and vertical axiblorizontal axis is
selected if keyword of vertical is not foumdthe filename Searchdirectiondefines whetheWituixCAD should start
parsing angle valuigom the beginning ofhe filename(hor_+150_myproject_mydriver.txor the end
(myproject_mydriver_hor_+150.txtNumber formatefines how angl&alueis formatted in thefilename For
example if Yo use 1500 to present 15 degreaselnteger multiplied byl00. Test tool is provided for testing Your
syntax.

Frequencyresponses
Mirror missingdefines if VituixCAD should mirror missing measurement:data

1 Measurement to equal positive angle selected if negative angle is not avaitabliee versa
1 Measurement to equal horizontal angle selected if vertical angle is radtade (or vice versa
1 Measurement to equal absolute horizontal angle selected if vertical angle is not avé&ilabiee versa

Active PEQ response as analog.Rblue andrequencyresponse ofActive peak/notch (lIR) filtermre
compatible with anbbg RLircuits:series Q=sqrt(L/C)/R, parallel Q=sqrt(C/LREference level of BW is
about-3dB with high peaks.

If not checked, &alue andrequencyresponse are compatible with many digital devices such as DCX2496 or
miniDSPResponse peak is narrdvecause reference level of BW is A[dB]/2.

Setting is saved in project fi{@xp)

Active IR response as digital biqguHaheckedfrequency response of active IIR filters is compatible with digital
biquad;not ideal at high frequencies due to finitersple rate.Setting is saved to project file (vxp). Sample rate is
selected in Impulse response window.

Frequency axis of charts is limited up to Nyquist frequency (sample rate / 2) if digital biquad option is checked.
Note! Internal frequency range is fl0-40kwhich causes error to minimum phase calculation if sample rate is less
than 96 kHz.
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Bessel phase normalizeehase angle at nominal frequenisynormalized according filter orded0° (2™, 135 (3),

X 360° (8"). Level at nominal frequenayaries:-4.8dB(2™), -6.3 dB (%), X -13.5 dB 8"). This is populaBessel
function with manydigital devicesuch as Xilicar miniDSP

If not checked, level at nominal frequensnormalized to-3.0 dB.This is common in design tables of linear circuit
manufactures such as Analog Devices and Texas Instruments.

Before designing crossoveelsctBesseltesponsenormalizationwhich iscompatible withyourtarget system.
Setting is saved in project file (v¥gsteningdistanceis virtual distance from lowgpeaker to listener or

microphone, needed to calculate phase differenaad amplitude relatios between drivers in different locations.
Enter typical listening distance in mm. Default value is 2660

Display
Font for crossover schematic and visibiliftaoltips are selectable.
Power response DI calculation

Intensity on spherical surfacs normallyselectedfor common sizd single or multiway speakensitensity on
spherical surface around speakec@culatedfrom radialmeasuremensgin horizontaland vertical planes

_— co

om puéVQ
Intensity on cylindesurfaceis practical selection for long line sources, or if either horizontal or vertical directivity is

temporarily interesting not accuratepower response & Desult Intensity on cylinder surface aroundesker is
calculated as average pressure from radiglasurementstypicallyin a singlghorizontal)plane

Checkboxes control whigilanesare included in power response and ditigity index calculationshorizontal,
vertical or both

If Half spacds checked, angles >90 deg are excluftedn power response and DI calculati@irectivity chart
shows angles90...+90 deg onlyThis setting is meant for flush moumt@r other clealy unidirectionalspeakers.
Common box speakessd dipoleswvith DI<10 dB should be measured and simulated to full space.

Image export

Single W x ki size of exported chart image. Default size is 480x270 px.

Sixpack W x His size of one exported chairt group of all six charts in main program or Enclosure tool. Default size
is 400x225 px.

Defaultsizecan be set by doubielicking the label.

Graph sales
Frequencyaxis

Internal frequency rangé & ¥ A 39&Hz with Hensity of 48 points/octavbut you can limit visible scale.
Options are fixedh 1 X000Hz2 NJ Odza (2 Y NI y 3 S40@Hr énd makimnyf¥000a28000Mz X

SPL, Directivity

Spancontrols verticabcaleof SPL graph&PL, Power & DI and Directivity waterfall sg2h30, 40 or 60 dB
Group delay

Spancontrols verticakcaleof GD & Phasgraph.GD span2, 4,8, 16, 24 or 40 ms.

Filter gain

Max defines upper limit an@pancontrols verticakcaleof filter gain graphFilter gain span: 30, 35, 445,50 or 60
dB.
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Impedance
Max definesupper limit of impedance graplmpedance maximun0, 30, 40, 60 or 80 ohm
External tools

Paths in theext fields define applications VituixCAD should open when pressimgsponding butbns/menu
items. Select application by clicking folder button oomping file into text box.

Baffle diffraction = Executable oéxternaldiffraction simulator, for exampl&olvan Edge

Spice Executable oL Tspice 1\ér compatible circuit simulator
Web search Search command for drivers linclosure tool

Baffle diffractiontext box should be emptior activatinginternal diffraction simulator.


http://www.tolvan.com/index.php?page=/edge/edge.php
http://www.linear.com/designtools/software/#LTspice
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Enclosire tool

" Enclosure

O |Seas || H:HS || | Enabile fitering [ Orline database O\ 4 @
Sel  Manufacturer Mode! Type Size[n] Status Re[ohm] Zlk [ohm] Z10k [chm] Le[mH] Leb[mH] Ke[sH] Rssfohm] fs[Hz] CGms Qes GQts Rms[Ns/m] * H
[ |Seas L22RNEX/P w 8 | Active 6.1 201 53| 37 Undo iz B3| 028 0.27 176 :
[ |Seas LZ2ZRNX/P w 8 | Active 6 1z 34 143 ; c CtleC 207( 038) 032 2m = Total SPL
= opy Lir T
[ |Seas PZ1REX w 8 | Vintage 6.1 06 P36| 044| 0.37 22 w Impedance
0 K Deleterows Crl+Y
S PZIREY w 8 | Virt, 6.1 06 236( 034 0.29 22 5 = -
cas ! mage [} Duplicaterows  CtrlD = Directivity
I | Seas P21RFX/P w 8 | Vintace 6.4 08l | 171 0271 0.23 298V
< & \Update database.. Ctrl+U > [ Feed speaker
A ETIEEET SPL Directivity & Find i Exccursion
. (@) Series 95 180 20
1 driver v
50 135
Bt ——
ra mass g . %0 15
SirEz U i 8 T/?( 45
7 X
Radiatortype | Bass reflex ~ : " 1/7« fr N 0 1
b 4 70 -45
i Enclosure i -
Align Directivity  Info e / \}I o0 5
Box Rear 1
Volume [] &0 -135 ¥
55 -120 — Q
Qs 10 100 1000 10000 10 100 1000 10000
al 0 Impedance 120 1 Group delay 20 Velocity
Rlg [0 % [ n \l‘\
Fb [Ha] 0 i |"| 7 % 10 \ 15
25 45 8
Went Rear 1 \ " ll / \
o Bizsei == .| B i
15 -45 4
[] Diam [em] 7.1
i) \\// \ -90 2 \ 5
Gp (100
’ 5 R
Mumber 0 80 2 0
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
Endcor 080 ~
Colors: | Total Cone |Ventl |Vent2 |Pass

Driver database

VituixCADreads online database froimtps:/kKimmosaunisto.net/when Onlinedatabaseis checkedAdding,
modifying and removing drivei@e possiblenly withlocal database

Fiteringis enabled by checkirgnable filering. You can filter driver list hyser selectior{checkbox irSelcolumn),
Manufacturer, Mbdel, Type Szeand StatusFilter is updated by pressingtér or by movingursor to another text
box Criteria in multiple #ldsislogical ANDSingle field can contaseveralcriterion separated with seraolon (;)
or comma (,) Giteriain asingle fields logical OR=or example:

Seas and BMS drivers are visible when Manufacturer=Seas;BMS
y ¢ {Speakgind Seas drivers aréisible when Manufacturer=Scan;Seas and Size=8

Driver database includdke following fields:

Manufacturer

Model

Type S, W, MF,Cor PR(passive radiatgr

Size Nominal diametefincheg

Status Active, DiscontinuedPreliminaryor Vintage
Re DC resistare[Ohm]

Z1k Impedance at 1 kHz [Ohm]

Z10k Impedance at 10 kHz [Ohm]

Le Voice coil inductance [mH] @oundinductance [mH]seelmpedance modks
Leb FreeinductancemH], seelmpedane modds
Ke Smiinductance[sH], seelmpedance modis
Rss Shunt resistancgOhm], seelmpedance modks
fs Free air resonance [Hz]

Qms Mechanical Q factor

Qes Electrical Q factor

Qts Total Q factor

Rms Mechanical resistance [Ns/mg/q

Mms Moving mass with aiload [g]

Cms Suspension complian¢genm/N]

Vas Equivalent volumeifiers]


https://kimmosaunisto.net/
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Sd

Bl

Pmax
Xmax
Revision
Updated

Effective one area [crfi

Force factor [N/ATmM

Maximum long term input power [W]

Maximum linear excursion, one waeak[mm]
Datasheet revision or date by manufacturer
Date/Name in format yyyynm-dd/First name Last name

Driver list can be sorted by clicking column hea&eght click in driver row opens context menu witlore options
to search and modify driver listontext menu options:

Undo (all changes)

Copy

Delete rows
Duplicate rows
Update database

Find

“A putton searcles for selected driver from welioogle search with Yodefault browser).

Parameters of selected driver are modifieith -~ button. New driver is added wit €  button. Parameters
are accepted and window closed with OK button.

%+ Edit parameters

% Add new driver

Manufacturer  |Scan-Speak Manufacturer ||
Model |26W./8861T00 Model
Type (W w Type V
Size |10 inches Basic Z model Size |0 inches Basic Z model
Re |6.56 COhm Zlk |0 Ohm Re (0 Ohm Zik |0 Ohm
f= |19 Hz Z10k |0 Chm fs |0 Hz Z10k |0 Ohm
Qms (5.2 Extended Z model | ? Qms (0 Extended Zmodel | 7
Qes |0.33 le [0.795 | mH Ges |0 Le [0 mH
Gts (0.31 Leb |0.148 | mH Gts |0 Leb |O mH
Rms |0.630 Ns/m.kg/s Ke [0.0277 | sH Rms |0 Ns/m.kg/s Ke |0 sH
Mms 7 a Rss |2230 Ohm Mms [0 a Rss |0 Chm
Cms |1.27 mm/N [ Crosscale Cms |0 mm./N [ Crosscale
Vas |231 liters n0 |0.466 | % Vas |0 liters n0 |0 %
Sd (320 em”2 SPL |83.38 dBAW =] cm”2 SPL |0 dB/W
BL (3.25 NA, Tm  USPL (896 dB/2.83V BL |0 NA, Tm  USPL |0 dB/2.83V
Pmax 170 W EBP (576 Pmax |0 W EBP (0
K¥max |9 mm Vd |288 cm”3 ¥max |0 mm Vd |0 cm”3
Status | Active ~ Status ~
Revision |February 22, 2011, Revision
Updated |2016-02-27/Datasheet Import Updated
oK Cancel oK Cancel

CheckCrosscalto update other parameters while one parameter is adjusted.

n0, SPLUSPL, EBP and Vd are calculated for information only.

Driver database isimple tabdelimited text file:(My)DocumentsVituixCADEnclosureVituixCAD_Drivers.txt
Database can be maintained with external tblké Microsoft Excel, provided that origingélle format including
column headersmeasuremenunits and decimatymbolare not modified

Impedancemodels

Enclosure tootan use two different impedance models:

1. Basic impedance modeExponential curve fitted with twenpedancepointsentered by userZlkand Z10k

® 0Q

¢ 17 e—

This is primary modelsed for impedanceesponsecalculationif both Z1k and Z10k are greater than zero.
Enteredvalues should be greater or equal to Re.
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2. Extendedimpedance modebescribed in detail ithe paperEFrequency Dependence of Damping and
Compliance in Loudspeaker Suspensionknud ThorborgCarsten Tinggaard, Finn Agerkvist and Claus
Futtrup, published iIJAES Volume 58 Issue 6 pp.-488; June 2010
Loudspeaker equivalent circuit (seen from electrical side):

Le

i Re Lee Res

Ke Cues Res 3 Lees
&y r < Blu

W Reys

Ze Zrm
Calculation rules #ill parameters oéxtended impedance modeke not applied
- Semiinductance Ke is useflbound inductance Le is blank or zero
- Boundinductance Le is used if seinductance Ke is blank or zero
- Shunt resistanc®&ss is ignorefkinfinite)if blank or zero.
This is secondary modesedfor impedanceresponsecalculationif Z1kor Z10kor both areblank orzero.

Extracting olL.e, Leb, Keand REINR Y A YLISRI yOS OdzNBS 2o/ impetayicdzF I O dzNB
measuremenis possiblevith Extended Z model solvevhichopens with ? button after Extended Z model

text in Edit parameters window
Note! Re, fsRms, MmsYas,Sd andlshould beentered and>0before extraction.

«* Extended Z model solver

Target curve
Frequency Impedance

(10000 | Hz [7.47 | Ofm
4000 | Hz [1095 | Ofm
10000 | Hz [1851 | Ohm
20000 | He [3085 ] o [(5][X€

[ \Scan-Speak _18W8545K00_ZR free-airtx |

Extended parameters

Le mH

Leb mH

Ke sH Solve
Rss Ohm  Eror

Apply Close

Enterfour pointswithin 1-20 kHZrom impedance curver openimpedance response filgxt,zma)and adjust
frequencies if not optimalRressSolvebutton to start. Optimizersearched.e,Leb, Ke and Rggving close to
target. Parameters can be acceptéar driverwith Apply button if sum of gjuared errorisless tharD.5. Repeat
solving or djust initial values of Ld.eb, KeandRssn Editparameterswindow ifsolver d R §in@ éicceptable
solution(&ror field is@) andit@ cetain that target points arenot impossibldor extended Z model.


http://www.aes.org/e-lib/browse.cfm?elib=15507
http://www.aes.org/e-lib/browse.cfm?elib=15507
http://www.aes.org/journal/online/JAES_V58/6/
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Voice coil inductance (with lossas)ncluded in frequency response calculatimnchecking
Showeffectof inductancein context menu of SPL chart

ﬁ Take snapshot

Show Tetal overlay
Show effect of inductance

o« Exportimage
w» Export six-pack

Update database

Local driver database can be updated with datélenclipboard orlocal text file or online database
@kimmosaunisto.net

Order and amount of columns the source data and destination (local) database must méttiie source data
does not havéneader line with parameter names in the first ro@lumn match should be verified especially with
data onthe clipboard.Localtext files andonline databaseisually havehe header rowi.e. the values arecopied to
the carect fieldsregardless of the column order

Update databasewindow opensviacontext menu ofdriver grid.

" Update database X

Data source

() Clipboard

) File |:AD'-.Setup'-userdocs'-.EncIosure'-.‘u"rtuixCAD_Drivers.txt|
(® Online database

Parameters to Update | !

MName Update |~ Add new drivers
Type O Update existing drivers
Size [in] O [ Allow ovenide with blank
Status O Text to Updated field
Re fohm] O [
Z1k [ohm]
Z10k [ohm] v oK Cancel

Select data sourcelipboard, text file or online database.
Drivers whose Manufacturer andddel are not found irthe localdatabase are added lsheckingAddnewdrivers

Drivers whose Manufacturer and Model are foundtie local database are updated by checking
Updateexistingdrivers Select parameterto update from the list Selectios areinverted Withm button.
Allowoverridewith blankenables replacingf existing value with blanlOtherwiseblank value irthe source data
62y Qi 2 0SS NINFbRtkvalbE A & G Ay 3
Textto Updatedfield overrides existing texiText in the source data is copied if tdsdxis left empty

Driver configuration

Drop down menu provides selection for amount of drivers. If more than one driver is selected, radio buttons on tf
right control how drivers are connected.

Number of driversl, 2, 3, 4, 6, 8, 9 or 12 pcs
Electrical connection; series, parallel, 2|2 3| 3 ...

Extra mass per driver [ghn beused to simulate increase dfms, which reduces fandsensitivity of the driver.
Mass is reset to zero grams by dould A O1 Ay 3 WOEGNI Yl &aaQ fl1o0Sto

Amplifier's output voltaggV] and output resistancgdhm] arecommon for all driversvVoltage can behanged
from default 283V to simulate cone excursi@nd vent air velocity with higheslectrical powerDefault voltage is
restored by doubleclicking@ourc® f Ouip8tiredistance emulates output padance of power amplifier or
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cable resistance. Actual series resistance is quick and dirty way to ineleaseal Q factoand decrease
sensitivity.

Radiator type

Radiator types supported by Enclosure tool:

Infinite baffle Closed Bass reflex Double tuned bass refle
)
- Rear 2
-
- Rear 1
: .
Passive radiator Band pass type 1 Band pass type 3
sl el
Front 2 Front 2
- — - —
Rear 1 — Rear 1 —
—

Tabs
Alignc¢Closed and Bass refleadiator alignment

Radiatortype | Closed i

S IALL

Aign  Enclosure Directivity  Info
Otc
05
O 0577
® 0.707
SN
O 0s

O]

Max compress

[ Include Gb+Rs Auto align

Closed boxs alignedoy selecting or entering Qtc. Optional high alarm limit for fiaearity [%on Xmax] due to air
compressioris available Box volume is limited and requested Qtc is not produced if alarm limit is exceeded (red
text). Increaseo@ | £ dzS dzy Gt Af NBR O2f 2NJ RA &l LILéSabaEcomprdssighS i NE |j
distortion. Box Qentered on Enclosure tab and series resistaaeeincluded in alignment by checking
IncludeQb+RsOtherwise alignment is done tmasic formulaVb = Vas / ((QtC/Qt%—)l). Both options are
approximations, but normally including Qb+Rs is giving resliiser to effective Qtc around system resonance.
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Radiator type | Bass reflex ~

QAL

Mign  Enclosure Directivity  Info

Table
() SBB4 / BB4

O sc4/c4

al
O3
0.61 @7
O 15

Auto align

Bass reflexs alignedoy Thiele/Hoge/Bullockables: SBB4/BB4, QB3/SQB3 and SC4/C4 with QI 3, 7 or 15

Auto alignexecutes alignment with entered parameterfi@n driver or driver configuratioar radiaor type is
changed.

[] Crossover of cument driver

Filter transfer function of currently selected driver in the main program can be applied for driver in Enclosure tool
Linking is done witlCrossover of current driveheckbox irAligntab. Responses in Enclosure tool are refresbied

the fly whileadjustingthe filter. Response is shown {Broup delayhart withdBscale(right).

Enclosure; Parameters fordifferent radiator types

Radiator type | Bass reflex
Align

Box Rear 1

Volume []
Ga
al

CTANCI
Fb [Hz]

Vent Rear 1

Length cm]
[ Diam em][7.1_|
Gp
Number

Endcor (080 ~

Enclosure  Directivity

o

Info

M O

Radiator type | Passive radiator ~
Mlign  Enclosure  Directivity Info
Box Rear 1 Passive
Volume [I] Vas ]
Ga 5d fom2]
a Qms
Fill 1] Mms [a]
Fo [H2 Bdra o]
fs [Hz]
¥sus [mm] [10.0
Number
Get from table

Radistortype | Double tuned bass reflex. ~~
Align  Enclosure  Directivity  Info
Box Rear 1 Box Rear 2
Wolume 1] Wolume 1]
as as
Al [0 | Al [0 |
Fo [Hz] Fo [Hz]
Vent Rear 1 Vent Rear 2
Length [cm] Length [cm]
[] Diam [cm] [] Diam [cm]
@ @
Mumber Mumber

Endcomr 080 «~

Adjustable box and vent parameters vary depending on chosdiator type.

Endcomr 080 «~

Adjustable boxarameters: Volume [l], Qa, QIl. Box resonance frequétitjHz] is calculated.
Fill [%] is ot implemented in this version.

Adjustable vent parameters: Length [cm], Diameter [cm], Qp, Number, Total end correction; 0.614, 0.732, 0.80,

0.850, 0.90, 0.95 or 1.00

Get from tablebutton readspassive radiatoparametersfrom current row ofdriver databaseRegular driver with

motor is also possible passive radiator.

MO
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Directivity ¢ Baffle step and @tectivity

Mlign  Enclosure Directivity  Info P4
Pattem | Cardioid (ideal) ~
Maonopole weight 500 %

Diffraction response L | X
|demo'\Near' Audax_HM170218_Cabinetimpact frd |

Piston directivity
[ edal only
Minimum phase

Directivitytab contains selectiomf textbookradiationpattern:

Omni (ideal)

Cardioid(ideal)

Supercardioid (ideal)

Hypercardioid (ideal)

Dipole (ideal)

Gradient (ideal)Weight of monopole paris adjustable X100 %
This enables creation of ideafif-axis responses for the simulated direct radiateelectOmni (idealto disable
textbook pattern.

Singlecabinet impact response is possible to includ&ulhspacesimulation showrin Directivity graphLoad

simulated baffle responsay clickingOpenbutton ﬂ andenable it bycheckingDiffraction response
Check als@xial onlyto prevent processinglisplayingand exportingof off-axis responses which are obsolete when

baffle simulationcontainsonly axial responséiffraction simulator is executed by clickiBgffle stepbutton Pl

Directivity by piston rdius is included in simulation by checkigton directivity Offaxis angle is limited in
Ol t Odzt I G A2y datdrksklgttion iX mpDipolk Gdgal) A T

Responses ddirectivity exportan be calculated as minimuphase by checkinglinimum phase That is default
due to better accuracy.

Info ¢ Acoustical anckelectricalequivalent parameters

Driver configuration . __ . )
@ Series LTspice IV - VituixCAD_Passive_radiator.asc
1 driver ~
File Edit Hierarchy View Simulate Tools Window Help
Extra mass g -
PEElT A0 acar gD EHBE 4
Source W Ohm
1, ViuCAD_Passive_radiator asc ¥~ VituixCAD_Passive_radiator.asc
Radiator type | Passive radiator v| &
- ‘l: VituixCAD_Passive_radiator.asc EI@
Aign  Enclosure  Directivity Info E
——————— Ras
AT AR
AfsES Jfﬂm
cant =
L Tspice T
& £3E4
[ Show electrical Rabl ST
STATISTICS - i rapt
3 47.6 HZ 235E3
f& 43.6 Hz
fie 38.9 Hz 0 oot 45 10 20000 v
Zmin 6.7 Chm @ 195.8 Hz

Zmax  25.2 Ohm @ 22.4 Hz
GDmax 18.6 ms @ 54.2 Hz
¥maxC 4.8 mm @ 18 Hz
¥maxP 2.5 mm @ 18 Hz

____________________________________ I[Cab1]*6E4*frequency
DRIVER: Seas L22RNX/P, 1 pcs series

neg 8.35 ¥ Reference effi

SPL 87.5 dB/W sensitivity

USPL 88.7 dB/2.83 Sensitivity

EBP E8.5 Efficiency ban

Dd 16.7 cm Effective diam

vd 132.8 cm"3 Maximum linear

Cas 7.98E-7 m*5/N  Acoustic equiv
Mas  5.58E1 kg/m~4 Acoustic eguiv
Ras  4.15E3 Ns/m*5 Acoustic equiv
Rae  2.29E4 Ns/m*5 Acoustic equiv

100Hz
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Info tab shows enclosure image, calculated acoustical parameters of driver, boxes and ports. Optional display of

electrical equivalent values is availabl&oltab also liststatistics:f.3gs fsqs 1048 Min. impedancemax
impedancemax group delay, maxexcursion of cone and passive ia@or andmax air velocity of vents

Optiond execution of external LTspi&¢é circuit simulators available Amustical parameters of driver and
enclosure are passed into LTspieath for LTspicexecutable needs to be defined @ptions window
Note! Effect of voice coil inductance is not shown in SPL curve.

Export functions

Total SPL, impedance response and directivity can be exported if You choose to use them in simulating loudspe:
driver instead of acoust and electrical measurementSirectivity (offaxis) responses and impedance response are
routed for currenty selecteddriver in the main program bghecking=eed speakdrefore exporting.

Dashboard Graphg

Every graph can be zoomed to full size and back to dashboard by double clicking in middle area of particular gra
Color coding of traces is defined below dashbo&ashboard of enclosure tool includes following graphs:

)l
)l

= =4 =4 =4

Total SPL [dB] and phase, SPL of cones and portsnom$PLland Total SPL overlashapshot, frequency
response fileand visibilityof overlayare controlled with context menu (right click).

Total mpedance [Ohm] and phasand Impedance overlagnapshot, impedance response file and visibility
of overlay are controlled with context menu (right click).

Directivity. waterfall, surface chartpolar mapor polar plot Positive horizontal angles only

Group delay [ms]Optional frequency respongdB]of crossover.

Peak excursion and Xmax [mm)] of cone and passive radiator

Air velocity [m/s] of ventsr input Power: volt-ampere [VA], real power [W] arfeimax{W].

Visible chart is selected from contarenu(right click).Power is forced visible fanfinite baffle, Closed and
Passive radiatodue to missing vents



VituixCAD Page32of 44
Version 1.1

Merger tool

Merger toolmergesfrequency responss using two separate sectionow frequency part and High frequency part.
Low frequency reponses can be either far field measurements or near field measuremathtbaffle simulation
Graphshows preview ofow frequency part (redhigh frequencypart (blue) merged esponsgblack)and

optionally phaseGragph cursor (magentagontrols tran&ion frequencyand shows also blending range

Low frequency prt with Near field measurements

Merger tool merges near field measuremett RA FFNI OGA2Y &AYdeAlY@A 2 i AZ2NI 2 NJ
simulation totime-windowed far field measurements. Mexd off-axis responses contain directivity information
below transition frequency based on tinveindowed axial response divided by timagndowed offaxis response.
Reliable directivity information at low frequencies requires long time window.

Uncheclar feld measurementdNear field frequencyesponses are added by clicking folder button on the raght
dropping files into listYou can have multiple responses, usually near field for(spaed near field for port(s).
Enter diameter [mm] or arefcm?] of particularradiatorand Merger toolwill calculate scaling to far field
automatically. Scaling can be adjediaDiam [mm] Area[cm?] or Scale [dBin response rows and by total low
frequency part viéScaleor Distancetext boxby entering a value or byp/Down keys

For baffle diffraction therarethree options availabldNo baffle lossSphere baffle stefadjustablenominal
frequency) oDiffraction responsasimuated withinternal orexternalbaffle simulator Edge Leap LspCAD
SoundEasgtc. Diffraction response can beelectedby clicking folder buttoror dropping file intaext box

Diffraction simulator is executed by clickiBgffle stepoutton =l
Low frequency prt with Far field measurements

Low frequency response list must have equalaoié anglegwith same angle coding in file names) to high
frequency response list. Otherwise LF and HF responses cannot be paired.




































