Closed Box

Edit the values of the following driver parameters:
(Le, Lep and Rep are optional)

Rep_

.param Mms=17.7e-3 .ac oct 40 10 2000

.param Sd=134e-4

Rsource In Re_ Mmd_ Rms_ Cms_

.param Fs=52.3

.param Qms=2.79

vin fRep el BLu {Rms} {Cms} SdPd
.param Qe=0.5
.param Re=5.8
.param Le=0.2m AC 2.828 0 N— V_uSensor
[
.param Lep=0.1m | '
.param Rep=5 6 u é u
>
i el
Edit the box parameters (m3): n

.param Vb=14e-3

Use foIIowin%/step to try step changing box params:
.param RairLeak=100Meg .step param b 10e-3 20e-3 4e-3

.param Qmc={QmcMax-1e-3}

Use Qmc=3.5 for filled, 7.5 for unfilled, but Qmc can't be > sqrt(1+Qms*alpha)

RairLeak_
{RairLeak}
V_VULeak

Mal_
{Ma1}

V_SumVUSensor
.param rad={sqrt(Sd/pi)}

.param Mmd={Mms-(16*Sd*Sd*1.18/(3*rad*pi*pi))} V_VUSensor
.param Cms={1/(pow(Fs*2*pi,2)*Mms)}

I+
Calculated parameters: -param Rms={sqrt(Mms/Cms)/Qms} < u

.param Bl={sqrt(Re*sqrt(Mms/Cms)/Qe)} Outpbuts to b lotted
L utputs to be plotted:
-param Ma1={81.18/(3*pi*pi*rad)} (Vc impedance is V(in)/I(Re_) . . .
_param Ral={0.441*1.18%345/Sd} and group delay is plotted ACOUStICOUtpUt Cone_Excursion_mm DrlverOUtpUt

at AcousticOutput's plot

.param Ra2={1.18*345/Sd}

.param Cal1={5.94*pow(rad,3)/(1.18*345*345)}
-param Cab={Vb/(1.18*345*345)} 1=9390.14%I(V_SumVUSensor) 1=2.828*1000*I(V_uSensor) 1=9390.14%I(V_VUSensor)
-param Vas={1.18*pow(345*Sd,2)*Cms} laplace=s laplace=1/s laplace=s
.param alpha={Vas/Vb}

.param Rab={((sqrt(1+alpha*Qms)/Qmc) -1)*Rms/pow(Sd,2)}
.param Mab=0.65%4.18/(pi*rad) LeakOUtpUt

.param QmcMax=sqrt(1+Qms*alpha)

Printed Values at Output Log: .measure PeakU Max mag(I(V_VUSensor)) 1=9390.14*I(V_VULeak)
.measure Fc when mag(I(V_VUSensor))=PeakU cross=1
.measure Flc when mag(I(V_VUSensor))=(0.708*PeakU) cross=1
.measure Fhc when mag(I(V_VUSensor)?=(O.708*PeakU) cross=2
.measure Qtc Param pow(10,(Fc/(Fhc-Flc))/20)
.measure Qmc Param {Qmc
.measure Alpha Param {alpha}

laplace=s
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Edit the values of the following driver parameters:
(Le, Lep and Rep are optional)

.param Mms=17.7e-3 .ac oct 40 10 2000

.param Sd=134e-4 Rsource Re_
.param Fs=52.3
.param Qms=2.79 Vin
.param Qe=0.5
.param Re=5.8

AC 2.828 0
.param Le=0.2m

.param Lep=0.1m

V_lsensor

BLu

.param Rep=5

Edit the box parameters (m3):
.param Vb=14e-3

param Fb=50 Use followin%step to try step changlng box params:

.step param Vb 10e-3 20e-3 4
.param Ql=7

.param RadP=2.5e-2

Distance between port and woofer opening, for mutual radiation,
Make it very high for ignoring this: (as everything else in meters):

.param rad={sqrt(Sd/pi)}

.param DistW_P=0.5
.param Mmd={Mms-(16*Sd*Sd*1.18/(3*rad*pi*pi))}
.param Cms={1/(pow(Fs*2*pi,2)*Mms)}

Calculated parameters: .param Rms={sqrt(Mms/Cms)/Qms}

.param Bl={sqrt(Re*sqrt(Mms/Cms)/Qe)}

.param Ma1={8*1.18/(3*pi*pi*rad)}

.param Ra1={0.441%1.18*345/Sd}

.param Ra2={1.18*345/Sd}

.param Cal={5.94*pow(rad,3)/(1.18*345*345)}

.param Cab={Vb/(1.18*345*345)}

.param Vas={1.18*pow(345*Sd,2)*Cms}

.param Mab=0.65*2.0/(pi*rad)

For Mab, use 0.65*2...
.param RairLeak={ QL/(Z" I*Fb*CabJé

.param Ma1l £ i*Di*R; L

.param Ma (gow& ,2)*Cal J’; Ma]p}
.param Ra2P: *3, pl*Ra P*Ra

.param Ra1P: 18* 345/())! Radl )‘%
.param CalP= 5 94*pow(RadP 3)/(1. 18*345*3 5}

T \J

to account for some filling used:

kpUw

OQutputs to be plotted:

(Vc impedance is V(in)/I(Re_)

and group delay is pIotted
at AcousticOutput's plot

Vented Box

Cms_

{Cms} Sdpd
—O0
3
©
Map_ ] Mab. wa R
Ca1P_J_ Ra1P_ {Map} {Mab}
Ra1P}
{Ca1P} { . cab
Mal1P_ {r;a'_r'l‘_ea';—} Ma1_
airLea Ma1
{Ma1P} RaZP._ (€ab} {Ma1}
{RaZP} y-vu Sensor
V_PNearVUSensor V_PVUSensor V_WVUSensor V_WNearVUSensor
@ O < U O
AcousticOutput Cone_Excursion_mm PortOutput WooferOutput

laplace=; a

1=9390.14*I(V_VUSensor)

Printed Values at Output Log:

.measure PortLengthINcms Param pow(10, 5*(((Map*pi*radp*radp/1

1=2.828*1000*I(V_uSensor)

laplace=1/s

1=9390.14*I(V_PVUSensor)

laplace=s

.18)-(0.6132*sqrt(radp*radp)))))

1=9390.14*I(V_WVUSensor)

laplace=s

LeakOutput

1=9390.14*I(V_VULeak)

laplace=s

kwUp
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Some Speaker Box SPICE Models:

(Added models for two different drivers sharing same closed box, or ported box. 10/12/2005, AFP)

(Corrected an error with 2 driver series and parallel versions, which was exaggerating the excursion differences between woofers. 10/13/2005, AFP)
(Made the excursion plots to display peak values rather than RMS. Note that excursion is for open space to achive the SPL which is calculated for infinite baffle. In other words if the AcousticOutput curve shows 90db, it is for infinite baffle load

with 2.828V drive level. But the excursion level is the peak value for 2 times 2.828V drive level, which achieves 90db at full space. 10/13/2005, AFP)
You can download from the below link some SPICe models for a couple of speaker boxes.

SpeakerSpiceModels.zip

I have used LTspice/SwitcherCADIII (SwWCADIII) which is a free SPICE program avaliable from www.linear.com to generate the SPICE nets that models
some of speaker boxs. The above linked zip file contains .ASC files that can be opened up by SwCadlIll and will display the circuit model in GUI. The zip
file also contains .NET files which have SPICE NETIists of the circuits, so that they can be used by other SPICE models, but I haven't tried these with any
SPICE program other than SWCADIII. The flow of the nodes and commands in NETList files will not necessarily follow logicly, because I have been
using the GUI editor. There is also a .PLT file for each .ASC file; these contain the plotting definitions and when run under SWCadll, automatically
displays a plot view with three panes: one is the impedance (V(In)/I(Re)), the other is cone excursion in mm's and the last one is sensitivity plot into 2pi
(infinite baffle) radiation. Group delay of the system also is displayed in this sensitivy plot, which can be switched to show phase of the system. One
caution, the excursion plot shows required excursion to 4pi (open space) to reach the sensitivities shown in the sentivity plot. So the excursion displayed is
twice what is needed for infinite baffle radiation.

The SPICE circuit models are prepared based on the book "Intro. to Electroacoustics and Audio Amplifier Design" by Marshall Leach, Jr, and his JAES
article "Computer-Aided Electroacoustic Design with SPICE" .

Some Notes Common to All Models:

There are four sections of the circuits: the first is the electrical section, the second is mechanical, third is acoustic and fourth is some arbitrary circuit
elements used to do the necessary conversions and transforms to get to the acoustic SPL values to be displayed. The electrical section is driven with Vin,
an AC source of 2.828Volts, which is 1Watt into the standard 8ohm load. There is an Rsource resistance with 0.1ohm value in series to the voltage source
Vin. This is added there to count for the any additional series resistance like DCR of xover inductors, cable resistance, amplifier source resistance, and etc.

The frequency span of the simulation is determined by the ".ac oct 20 10 2000" SPICE directive, which means the simulation will be ran from from 10Hz
to 2000Hz with 20 frequency points per octave , which can be changed however wished.

file:///Users/yoshiyuki/Desktop/LTSpice%20SP%20Simu/SpeakerSpiceModels/SpeakerSPICEModels.html 1] 4R—=
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In the files, there is a section of multiple ".param ..." directives. These are where the driver (and box) parameters are to be entered (edited actually). One
important note is that all of these are in MKS units, i.e. enter meters for length, m3 for volume and kg for mass. There is also a section with a commment
"Calculated parameters"; you should not be editting this unless you know the model is wrong :), which if you find something like that please let me know
at pirimoglu@hotmail.com. Some models also contain a section with ".measure ..." directives. These are calculated values that are printed to the SPICE
log file after running the simulation. Things like Fc and Qtc of closed box are printed out this way. You need to look at the log file to see the results of
these. I don't exactly know why, but SWCADII was printing values in decibels to the log file, so I did some conversion hacking in those places in the
.Measure directives. For instance the length of a port in ported box is displayed in decibels in the log file, but it is actually in cm's. (I know this is against
the MKS convention I used...)

Adding a ".step ..." SPICE directive parameters can be easily stepped through to see how the response changes over a range of values of a parameter. One
immediate example is stepping the box volume of a closed box model by adding the following directive:

.step param Vb 10e-3 20e-3 Se-3
This makes the Vb to have a value starting with 10.0lts and ending at 20.0lts with 5.0lts step increments. This will cause three simultaneous curves to be
plotted; one for each value of Vb stepped.

The following SPICE models exists in the zip file:

Infinite Baffle (InfiniteBaffle.asc):
This is a model of a driver on an infinite baffle, nothing fancy, but being simple it provides a good example on the workings of the SPICe modelling.

Closed Box (ClosedBox.asc):

This adds a closed box to the infinite baffle version. Vb is the box volume, RairLLeak is supposed to model any air leak loss in the box. This resistor is
required to exist even if with a very high value, otherwise SPiCE run will fail. There is a Qmc parameter also that can be entered, but it is by default a
calculated parameter as the way it is in the file. Qmc is for the Q of the box, i.e. how lossy is it with the filling and wall movements etc. A high Qmc
means a very low loss box, but Qmc shouldn't have a value above QmcMax, which is also a calculated spice parameter in there.

Fc and Qtc can be found at the log file after running the simulation.

Closed Box, 2 Parallel Drivers(ClosedBox2DriversParallel.asc):
This is a closed box which has two different drivers wired in parallel. It allows to observe what happens in terms of each drivers excursion and etc, when
the drivers differ in their T/S parameters but work in to the same box.

Closed Box, 2 Drivers in Series(ClosedBox2DriversSeries.asc):
Same as above but drivers are connected in series.
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Ported Box (PortedBox.asc):

This models a ported box. Boc volume (Vb), box tuning frequency (Fb), box Q (QL) and radius of port (RadP) are needed to be edited along with the T/S
parameters of the driver being used. There is also a distance from port center to woofer center parameter, assuming port and woofer is on the same baffle.
This parameter is used in modelling the mutual acoustic radiation load between port and woofer. kwUp and kpUw dependent current sources use this
parameter to model the mutual radiation.

The required port length is printed out in the log file in cm's.

Ported Box, 2 Parallel Drivers(PortedBox2DriversParallel.asc):
This is a ported box which has two different drivers wired in parallel. It allows to observe what happens in terms of each drivers excursion and etc, when
the drivers differ in their T/S parameters but work in to the same box.

Ported Box, 2 Drivers in Series(PortedBox2DriversSeries.asc):
Same as above but drivers are connected in series.

Ported Box 2 (PortedBox2.asc):
This model is same as PortedBox.asc, with the exception that instead of taking in a box tuning frequency as input, it takes in port length as input and then
gives out the box tuning at the end of a run in the log file.

Ported Box 2- 2 Parallel Drivers(PortedBox2DriversParallel2.asc):
Same as above, i.e. takes in port length as input parameter, but with two different drivers wired in parallel.

Ported Box 2- 2 Drivers in Series(PortedBox2DriversSeries2.asc):
Same as above but drivers are connected in series.

MAPD Box (MAPDBox.asc):

This is an attempt to model a Multichamber Aperiodic Progressive Damping (MAPD) box design, which I came across at
www.northcreekmusic.com/MAPD1 .htm. There are parameters for first chamber which the driver operates into directly (Vbl, RairLeak1, Qmc1) and also
parameters for the second chamber that is connected to the first chamber via the resistive vent (Vb2, RairLeak2, Qmc2). These box parameters are similar
to the closed box box parameters. In additional to these, there are parameters for the resistive vent, a.k.a "Variovent". These parameters are the acoustic
resistance of variaovent (RVarVent), radius of variovent (RadVarVent)and length of variovent (LVarVent). The real problem is coming up with a correct
value for RVarVent. A VarioVent is avaliable manufactured by ScanSpeak commercially, but I couldn't find any specs on the acoustic resistance of it.

Most back chambered (a.k.a dual-chamber) tweeters are MAPD loaded. They have a chamber right behind the tweeter dome. This chamber is connected
to the back chamber via a vent on the pole piece, which is usually filled with some flow resistive fiber or foam. The model accounts for acoustic mass of
the vent also from its length and radius. By playing with the input parameters, you can generate impedance and frequency response curves that look like
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most tweeters have; from dual humped impedance peaks to asymmetrical impeadance peaks widened to right.

Dual Chamber Ported Box (DualChamberPorted.asc):

I recently came across this loading at Roman Bednerak's desing "Bandit". As explained in this link, it consists of two chambers that are both ported to
outside, and a third port that connects each chamber. In the SPICe model, Vb1 corresponds to the first chamber where driver operates, and Vb2 to the
other chamber. Box tuning of first chamber is the parameter Fb1, and box tuning of the second chamber is Fb2. Fbl and Fb2 are the box tuning of these
chambers when they are not connected with the third port, i.e. the port that connects the two chambers is closed. In the spice model, portl is the port that
opens chamberl to baffle, port2 is the port that connects the two chambers, and port3 is the port that opens chamber?2 to baffle. This numbering seems
unintiutive, but I started that way and didn't want to change later. Again note that port2 is NOT the port that opens box 2 to outside world, port3 is the one
that opens box 2 to outside world. In addition to the parameters such as Vb1, Vb2, Fbl, Fb2, the dimensions of port2 which is the port that connects the
two chambers from inside needs to be edited. I chose it this way because I didn't see a third well defined port tuning frequency that can be used to
determine the dimensions of port2. The required port lengths for portl and port3 are printed out in the log file after a run.

I am not sure how accurate the circuit model is, I haven't tried any and compared. If you see anything wrong with the model I would appreciate if you
could let me know at pirimoglu@hotmail.com. In any case I think the model looks like a good start and give allow experimental excercise to see how
different box designs behave.

Dual Chamber Ported Box 2 (DualChamberPorted2.as):
This is same as DualChamberPorted.asc, with the exception that instead of Fb1, and Fb2 as input, length of portl and port3 are entered directly.

October 12, 2005
Ahmet Feyz Pirimoglu,
pirimogl@hotmail.com
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Ported Box, 2 Drivers in Series(PortedBox2DriversSeries.asc): Fit & [H U TT2, FIA4AN—3EINCEmR IN TV ET,

Ported Box 2 (PortedBox2.asc): & D€ 7L PortedBox.asc L [EIUTT A, Ry 7 ZAFEW 52 A1 & LTHLD AT
HOIZ, F—FPEZANELTHDIAAR, REICKY 7 ATELZENT20B820 F9, vl 7 74 VADFEITDRLEE,

Ported Box 2- 2 Parallel Drivers(PortedBox2DriversParallel2.asc): Fid & RIUT9, 2F D, F—FDEIZ AJI8T X —
Z—E LTRITHD £, 20082 P74 N=— IR INTHET,

Ported Box 2- 2 Drivers in Series(PortedBox2DriversSeries2.asc): LR &R U TTA, FIoIAN—ZEINICERIN TV F
KR



MAPD & v 7 2 (MAPDBox.asc): Z#iix, www.northcreekmusic.com/MAPDI1.htm TR} 7=, <)V FF ¥ v N—JERH
W7ae 7Ly 7 ey (MAPD) Ry 7 AiGtE2 €T MET 28 AATT, FIAN—DEBERET 2R0DF v >/ —

D87 A —4%— (Vbl, RairLeakl, Qmcl) &, HHIRV FZNLTERYDF ¥ o X—=I1ZEHRINDE 2 FHDOF ¥ v =Dy

7 X —4#&— (Vb2, RairLeak2., Qmc2) ’H D T, ZNHEDRY VA NI RA—=F—F, BHUL /R Y ZJADRY 7 A /85 X —
F—ITTWET, oA T, BEIIRV b (W4 TVariovent) ) DNFXA—FEHDET, INHDIFTX—FF, N
) ARy P OFERPL (RVarVent), NV F Xy F DL (RadVarVent), L O ARV FORE X (LVarVent) ¢, A2

DORJEIFIEL WEZZ RO 52 T

RVarVent ®fii, ScanSpeak 2 X - CT#liE X 4172 VarioVent I E T £ 328, ZOEEIPLICE T 2 I3 200
FHATLE, FEAEDNRNYy VF 2o N— WG TaT7IVF XY oN=) V4 —%—IZ1F MAPD DMEHINTWET, VA —
F—F=2DFTRAILFroN=BHNFET, ZDOFroN—=lF, F—=IE—=RX FEOHEKOZN LT Ny 7F v o=l
EINTEH, EBHE., BRIERIVERTIMEOMME E 7213 7 4 — 2P REINTVWET, ZOETIIE, BRILOES &P
5 LBRIDBFEERZEBLET, AN IA—F 20 LBILT, BEAEDYA—F—LFAIL LI BAVE—F VA
EREWEBISSHEEZ R TEE T, JHISRDA VY E—F VR =05, HIEBAIENHDOA vE—F VR B—U %
<,

Fa7)NV F ¥ n— F— b Ky 2 A (DualChamberPorted.asc): k. Roman Bednerak ® 5% 4 >~ Bandit
TIDU—FT4 VI ERDTE L, TOY VI THHINTWE LHIZ, MAEDIMTICRE—FINTN0E 2250F ¥V
Nt BF v N—%EHiT2 3FHDOR—FTHRINT VT, SPICe EFTLTIE, Vbl IZ N7 A4 N—=EET S 1%
WIDF 2 o N—IZHEL, Vb2 13H ) 1 2D F v o N—IZRIGLET, 81 Fr o N—DRY 7R Fa—=U 71387 XA —
% —Fbl, B2 F ¥ N=—DARY VA F2—=V71F Fb2 T7F, Fbl £ Fb2 2. ZNo6DF ¥ o N=PB 3 HEHD R —HIC
EIN 0wt E, 2F0) 2200F v N—2EHTAF— AL TR LED, TNEDF v N—DHY 7 A
Fa—=V 7T, ANARAETALTIE, F—F 1 IEFroN—1 22y 7V EAR—F, F—=F 213 2202DF ¥ \—
2T AR —F, A= 3B F v N=2 27Ny 7NVIHCKR—FTT, 2OHFSHIFFERNTELR L) ICEZET

5


https://translate.google.com/website?sl=en&tl=ja&hl=ja&prev=search&u=http://www.rjbaudio.com/Bandit/bandit.html
https://translate.google.com/website?sl=en&tl=ja&hl=ja&prev=search&u=http://www.diysubwoofers.org/prt/dual_chamber.htm

B, BANEZFDEHIICLT, BTEHTEZOHDIEH D FHATL, BOBRLICARD £T, port2 3Ry 7 R 2 2ot
FUZBHS A—=FTlx <, port3 i3y 7 R 2 ZHOMFUFI F—FTH B Z EITHER LTI, Vbl, Vb2, Fbl,
Fb27% ED /R 7 A —=FITMAT, 22DF v o N—=2NlDoBHi T 2 K — FTH 2port20~FIEbET 2 LERH D £7,
CDOITEZFERL 72D, port2 OEZIRET 272D TE 5, HiElICERI N 3 HHO X — IR ED R
650> - TY, portl & port3 IChELRR— FRIZ, FTRRICU 7 774 iInEd, AL HIRL %D
L7228 0DT, MEETAREDEREIEHETH 20bh ) A, TTIVIMPRITEDLS 254613,
pirimoglu@hotmail.com £ TEHI 5 H V2T IULTENTT, WTIUIE X, TOETNLVIERVWAY—FEEEIDT, & F
SELRY 7V ADHKGBED L ) ICENET 202 FBHINICHER L TAEL & 9,

FTaT7I Frn— F—F Ky 2 A 2 (DualChamberPorted2.as):
Z #11¥ DualChamberPorted.asc & U T3, AN E LT Fbl XU Fb2 ofid iz, portl & port3 ORI DEFEA
HINDHPBELRD X7,
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Ahmet Feyz Pirimoglu,
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