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1 Introduction
Updated 2005-01-26

This document gives a few examples how LspCAD 6 is used in a real situation. This
document is meant to expand with more examples as time goes by. All the examples are
available as project files in the examples folder.
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2 An optimization example, a two way
crossover T =5

In this example we have a simple two-way
crossover (Two way tutorial 1.Isp).
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Open the Optimizer, we choose to
optimize the response of the Bass
unit, we therefore click on the box next to “Bass”, if we look at the schema we will see that
the component text for L1 and C1 has become boldface.

Click on the Range tab and set the Include range to the Ulntllmze Range | Target | Oiter |
interval 100 to 6000Hz nelude | Excluce |

Lower 100.0 Hz
Upper |B000.0 Hz
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Next we select an appropriate i O
target for the optimization, clickon |l <l Mo | _Cone | Dokt |

the Target tab and then on the LP Dl:mZmr\:|2i:1 HTQEXDT:::JDTEI L]evelmther ] Box vol l ?lED %02

tab, check the Enable box and set W 1P| Fesch | npoted | Spe || |

Fc to 2000Hz and order to 2, also Fo lﬁ G e q -

set the alignment to Linkwitz. e © ‘n

With this we are ready to start our Lo = !

optimization. el @ Start | Und,
Click on the Start button and watch T T T

the miracle happen. Optionally one B e B \?\ i

can turn up the step size to get a P S 2 9 8 5 \:f a:

faster convergence. When the stop P 2 \ i

the optimization L1 and C1 are i, R 2 ] e
roughly 0.160mH and 39uF and the o= " N

mean error is close to 0.01dB. B T LR TN N

For some reason it is possible that L N 5 1 SHES N
one did not like the result, the

remedy is simply to click on the

Undo button to get back to the state before the Start button was clicked.

In the similar manner we can i =
optimize the response of the treble 'D T T (T LT

unit for a 2" order HP Linkwitz T =

alignment at 2000Hz, but instead w1000 1 f

we test what the lock XO option can Upper 230050 He |

do for us. -

We check “Treble” in the optimize - -
tab, also wee set the target to flat, el Start | Undol
and the range to 100 to 20000Hz o

and the optimizer screen looks like T T R SEEPEC;
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We open the XO points tab and put a
lock at 2000Hz with a gap of 6dB with
a slight tolerance. And start the
optimizer, but before we do so we can
disable the optimization of L1 and C1.
(Two way tutorial 3.Isp)

After a while we have a crossover
with a flat system response and a
crossover frequency locked at
2000Hz. (Two way tutorial 4.Isp)

© Ingemar Johansson, IJData, Lulea, Sweden

NetDpt =
I j Mews I Clone I Delete I
Dpt\miza' FRange Target IDther | Step 0.9%
HF | LP | Peak/notch | Imparted I Slope I
] Xpaints | Levelother | Boxval
= Fre
2000.0Hz+/-10% 6.0+/1.0dB &
[11000.0Hz+-10% IZDDD 0 Hz+&[10 % i
[ 1000.0Hz+-10% - -
[ 1000.0Hz+-10% G iy
11000 THz+/-10% d T
[ 1000 0Hz+/10% B0+ [10
[ 1000 0Hz+/-10% § _
[ 1000.0Hz+10% W usel ElmrIU.UUUSBB dB ‘Sta’rt | (.-I£d0|
dB
-0.00 B B T = N il L |
| T TR
-5.00 — - —
10.00 B . j\< - .
- Target . N N I e N
- Target, exclude . A S e M
AS00 ey Summed
{ F—— Bass, mag
2000 [ TE—— Trehle, mag
-25.00
3000 L . RN Hz
20Hz S0 100 S00 1000 5000 10000
NetDpt )

Dpl\mizal Fiange Target IDlher |

d Mew I E\nnel Deletel

Step 0.9%
HP | LF | Peak/notch | Imported I Slope I
Zrin X0 points Level+ather Box wol
= Fre
2000.0Hz+/-10% B 0+/-1.0dE e
[711000.0Hz+/-10% IZEIUEI 0 Hz+&H[10 % o I
E 1000 0Hz+/-10% - -
1000 0Hz+/-10% —Ga ot
[7]1000.0Hz+/-10% -
E 1000.0Hz+/10% [Eo e Jro
1000 0Hz+/-10% =
[ 1000 DHz+/-10% o= Ena[0000753 a8 \[Spgpr || T -’Itdﬂl
B
0.00 —T—T .
T NHEE : LT
500 B
-10.00 L /E& .
- Target E SN
It Target, exclude SR
500 Summecl I I QR
F Bazs, mag N N Z/;‘I
2000 [T E—— Trehle, mag - Y e
-25.00
-30.00 . i . . . . Hz
20Hz S0 100 S00 1000 5000 10000




LspCAD 6 tutorial © Ingemar Johansson, IJData, Luled, Sweden

3 A closed box... and a bass reflex
box

At first glance the modeling of various loudspeaker boxes might look overly complex, the
intention is however that it should be possible to model other, more complex boxes than
the standard closed, bass reflex and passive radiator boxes. This section describes how
modeling of a closed box is performed in LspCAD, this example is then extended with a

bass reflex port.

3.1 Closed box

First of all we need a signal source and a Loudspeaker unit, pick this from the component
tray, we also need to ground one of the speaker terminals (Closed tutorial 1.Isp).

. =k
In a closed box we have free air in Edt | Simate|
front of the speaker cone. This is Passive | Analog/digtel Bow/cabinet | Other |
modeled as a Radiation element. =
. e ) W 82 4=
Pick a radiation element. This acts | | | 4 |h“| Dl ﬂ
a load of the front part of the cone. 1z [~
SadiaﬁonZZ

Behind the code we have a box
and also a load from the air inside @E T Ny

éoudspeaker unit 1
1.

the box. This is modeled with a Box i
load and a Box component. After

the components are picked and
arranged a little on screen (don’t
use too little space) we have a
schema that looks something like

(sox 3
10.00 |
ill 0%
%b 100.00

gl @ 100.00

(Closed tutorial 2.Isp). 55 2

So far we have been in edit mode, now it is time to enter simulate mode. Said and done,
we click on the Simulate tab.
In this mode we need to do a few extra things before we are in business.

4 The Radiation component needs to know a little about the
[Reciction 22 loudspeaker unit (such as Sd). For this to happen we click on the

I~ Show reference

Radiation component and a small configuration dialog appears.
Click on the dropdown list box below “Ref to...” and select
“Loudspeaker unit 1” (nothing else to select by the way). Once
you have done this you will see a typical 2" order high pass
response of a closed box in the graph window.

Diffractior

LWF:IV ~|| We are getting close but we are not 2
quite there yet, recall that the Box load P!

component models the load behind the cone, for this to happen

the Box load component must also know a little about the

loudspeaker unit. Click of the Box load component and set the reference to “Loudspeaker

unit 1” as before.

Refto... ™ Show ieference
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Now we are in now in practice done (Closed tutorial 3.Isp). We are free to modify the
Box parameters with a click on the Box component. The T/S parameters can be changed

via a click on the Loudspeaker unit.

3.2 Bass reflex box

But lets not be lazy, why don’t we just make a bass reflex box?. Enter the Edit mode again
and pick a Port component and an additional Radiation component from the component

tray. We need a
Radiation
component as the
port is a component
that radiates into

_| Schema, page 1

Edit | Simulate |
F'assi\-'el #nalog/digital - Box/cabinet | Qther I

O 4.

I [l

free air. The N
schema then looks Gectition 2.2
like (Bass reflex dpudspesker unit N
tUtorlaI 1 . Isp) @eneraﬁr 1 @ o 5adiaﬁon s

000 @

Now we go back to
Simulate mode and
we realize that the

($0r1 4
ength 1000 cm
radius 25.00 mm

¥ (S'DX 3 L
/o A0001
80)( load £ 1 Eﬂl b-% g
e 20.00 em*2
SPL graph has o @l 10000 area em

changed (we have a

notch in the 17 1

response) In order

to get the full picture we need to let the extra Radiation
component learn a little of the Port, click on the Radiation
component and set the reference to the Port component

With this we have the ability to simulate a bass reflex box
(Bassreflex tutorial 2.Isp).

It would be cool however if Fb in the schema displayed the correct
value. For this to happen the Port must know how large the Box is,
click on the Port component and set the reference to the Box. Now
we get Fb to update whenever we change the port length or the box
volume (Bassreflex tutorial 3.Isp).
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3.3 Grouping the box parts together

If we group all the components (except the loudspeaker
unit, the ground symbol and the signal source) we get an
additional benefit.

Enter the Edit mode, select all the components except
those mentioned above, right click and select Group. Move
the markers that “carry” the text “Component group” and
“Description” a little.

Go back to simulate mode.

Nice thing now is that if we left click inside the group box
(but not on a component. A dialog pops up that displays the
most important parameters.

(Bassreflex tutorial 4.Isp).

Group properties
- ]
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3.4 Using the templates

The closed box and the bass reflex box exist as templates, if the templates are used we
get an additional nice feature, namely the wizards that help us to get decent values for box
volumes and port lengths.
First of all create a completely new project. In the main window, click on the project list
and locate the Templates. Select page 3 in the templates.
Copy the Bass reflex box (and the associated loudspeaker unit and paste it into the new
project.
RI=TE
Edit ISimuIatel
Passive |.&nalogx’digitall Bowcabinet | Other |

o +| o4~ 1] 3 of 8[|

e~ =
Qoudspeaker boxes g)
. éoudspeaker unit CL a & oudspeaker unit EIRO 2 oudspeaker unit PR o
N T W Zm oL, i i
4 &
L . O
—
{ & |

opy & box with the associated loudspeaker unit gassreflex b 8assive
and paste it into a project.
The references of box load and radiation must be
restored.

=l
44 18 S

Now we must add a voltage source and a ground connection. When this is done. We enter
the simulation mode.

The references to the loudspeaker unit must be set for the Box load and the Radiation
component closest to the loudspeaker unit (this must be done by hand, hopefully not
needed in the future).

-iojxi| Now that this is finally done we are able
Edt  Simulate | to simulate our beloved bass reflex box.
P [Eapg] I showlist  [Diverset |l If we right click inside the group we get

a dialog that contains a magic wizard
button, click on wizard E
1 ﬂ =l the Wizard [Bassrefies box =f
Loudzspesker unit BR palonmeny
1 e button and a [5BE4 /B8 =
k | small window o 3
pops up that
allows us to
select among a few bass reflex
alignments.
Baszsreflex box
Select an alignment and click on Apply.
o p (Bassreflex tutorial 5.Isp)




LspCAD 6 tutorial © Ingemar Johansson, IJData, Luled, Sweden

4 The Ugly duckling revisited

This chapter gives an example how LspCAD is used to create an appropriate crossover
for the Ugly duckling loudspeakers, first presented at

http://www.ijdata.com/ugly duckling.pdf. This chapter should be viewed as a continuation
and will also show how the Behringer DCX2496 is configured.

=0 p—

280 mm

Ri41mm —.__ /

1l .'. ] I 1000 mm

R154mm — N\

515 mm

185 mm

m sromm
2002-04-06

| Medified front baffle for

!'| f speakers

[ Material: 16 & 22mm MDF
Sub & PR: Route 7mm
Mid(s): Route 3mm
Treble: Route 9mm
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4.1 The subwoofer unit

The bass unit is a Peerless XLS 12 assisted by two Passive radiators

Driver unit PR

Manufacturer: Peerless Sd: 466.00 cm”

Model: SWR308 Vap: 139.20 |
Qmp: 15

Sd: 466.00 cm? Mmp: 1000.0g

Vas: 139.20 1 Fp: 6.80 Hz

Cms: 4.60e-04 m/N Xsus: 25.0 mm

Cas: 9.94e-07 m°/N Fb: 18.9 Hz

Mmd: 162.39 g

Mmes: 166.40 g

Rms: 5.12 Ns/m

Fs: 18.1 Hz

BI: 17.60 N/A

Re: 3.50 ohm

Le: 1.60 mH

Qms: 3.70

Qes: 0.21

Qts: 0.20

Pmax: 500.0 W

Xmax: 25.00 mm

h: 8.00 mm

l: 33.00 mm

The original cone mass of the PR is 425g, therefore 575g weights was manufactured that
was attached to the backside of the PR.

10
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In order to model the passive radiator box it
is actually a good idea to pick the Passive
Radiator box template that is available in
the Template section. The template section
is actually a preloaded project that contains
ready to use templates for a number of
good to have building blocks. The template
section is accessed from the topmost
dropdown listbox in the main window.
Select both the TS driver unit and the group
that represents the passive radiator box.
Right click with the mouse and select Copy.

Now go back to your original project and
paste the items you have just copied.

In order to get going you need to add a
voltage source and a ground connector.
With this you are done with the schema
editing, it is now high time to leave the Edit
mode and enter the Simulate mode. Click
on the simulate tab. If you though that
“Gosh-it-looks-ugly” you will hopefully find
the looks better now. There are a few
numbers here and there, if you don't like
them you can actually hide them as don’t
have much use of them. Look for the
settings menu pick in the main menu and

© Ingemar Johansson, IJData, Luled, Sweden

ESchema, page 3
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o Zn P,

—

& |
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ﬁﬂ 161 Mmp 25659 g
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Our hottest mode G 7.00 Sd 130,000 cm"2
Q10000 Vap o 328001
Gmp 10,000
= i 2622 Hz
o) b 5208 Hz

K| |

128 0

o
4

deselect the Show node numbers checkbox in the dialog that comes up, while we are

here we can also set the display range to
10-2000Hz. You can then close this dialog.

There are a few thick gray lines running
across the schema. These lines only show

that all components are referenced correctly

to one another the latter is a key feature in
LspCAD 6 and makes it possible to add
semi intelligent wizards in an otherwise

Passive radiator box

[— Loudspeaker urnit PR

Zm
Ze ST 1
i 1.000% ] sd 1|§
Lo el -
=, éil

Enter brand herz
Enter model hesz

ABF\ FA

i Amp 0.437 Ms/m
?' Mmp 25650 g

¢ Crmp 1.391e-03 mM
" 5d 130,000 cm”2
{Vap 329001

i Qmp  10.000

Fip 2622 Hz
fbr 52.08 Hz

Bo;_' )

B R
il 30E

ob 7.00
Gl 100,00

stupid node analysis algorithm. These gray lines can be hidden, click eg on the ABR
component and deselect the Show references checkbox.

11
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The whole thing looks done, except for the fact that we need to enter

ata, Lulea, Sweden

the TS parameters,

click on the TS driver symbol (the large box with the text Bl

Eile

inside). In the dialog that pops up you can enter/modify a

K|

Loudspeaker unit PR [~ Show parameters
lot of parameters. First of all click on the Parameters tab. Ichngu,a.im Perameers |
Here you should add all the parameters you have Manufactuer [Fostioss
available. Mokl ST
If we go back to the T/S parameter list we see that Sd = - TR
466¢cm?. Said and done we enter 466 in the Sd field, to do 1/ peram | Norlineai model| Gt |
this we first double click on the Sd row, then we enter 466 ;lg“a::m“sm —
and click outside the enter box. Before we go on and enter [ TP i
Vas we check the small checkbox that is immediately to O IS
the left of Sd, with this done Sd will stay fixed when we Eloe o
enter the rest of the parameters. When we have enterer Ml
Le we see that all necessary parameters of the O D
parameters have been entered. The important parameters e e
for the computations in LspCAD 6 are: Re, Le, (Reb, Leb), Lo 08 e
Rms, Mmd, Cms, (LambdaS), Sd and BIl. The parameters i _en'2
in parenthesis are not critical. Once we are done the list e
looks like the one to the left. Cibe 00 mm
Important to know is that the TS parameter list must be
saved separately, this is quite natural as one might need
the same TS parameters for
another project. Ty I e
- i - \//—:"_kf“" 1500
Now we should concentrate on 80,00 {2 ——
the frequency response. If we sl s 3 RS =t U LU
look on the graph we realize that 75.00 SRR VAR A ooy SRS .
a cutoff of 60Hz is less : // BN U
impressive given that we deal 7000 — A R e S — 1.
with an expensive long stroke /AN / ok :
subwoofer. 85.00 —AA -50.0
/ / Ho \
. . “ S . -180.0
55.00 g . Hz
10 HZ a0 100 500 1000

Click on the passive radiator component. Here we should first set x

Sd to 466cm”. As we use a passive radiator that has the same
cone area as the subwoofer. Here we actually should enter the
values that we find in the table some pages ago but lets have
some fun with the group properties first!.

Refto... [~ Show reference

IBUK j

V| Crop 1.391e03 | mN
5d 130,000 cm”2
“ap 32.900 |
Grmp 10.000
fp 26.22 Hz
fb 52.08 Hz

I~ Optimize [V Show parameters

O Transter func

O Impedance

O Loudspesker unit PR

[ 4BR PR

Hunits |1 'I

Ns/m
tmp 25.659 g

12
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Click inside the dotted box with the right mouse button. In the
dialog box that pops up we find a Wizard button. Click on the
wizard button and then on apply and Viola we have an
optimally flat alignment for the subwoofer with a box
resonance frequency of 37Hz. Close the wizard box.

Now click on Clone. Then change the volume to 401. Now go
to the dropdown list box and click on the arrow. Here you will
find that there are two group entries, you can actually switch
between the old entry (with 18I box volume) and the new
entry with just a mouse click. Take the chance to look at the
graphs when you select between the entries. Feel free to

change the name Clone — Passive radiator box to something
better...

© Ingemar Johansson, IJData, Luled, Sweden

K|
Clone I Delete
Shaw..
¥ nickname
v desciiption
fizard
fb = 52 02Hz I |
Box
W 1116 |
ABR PR
Rmp 0,437 Mzdm
tmp 25.659 g
Crap 1.391e-03  |mdMN

4l Now it is high time to get back on track again. We open up the
ek PR o passive radiator dialog box and enter the values we found in the
o == | table. Note that there are actually two passive radiators. Enter the

values in the same order as they listed
in the table.

127
1000.000 g
4.672e-04 M
5d 466.000

We also need to set the boxvolume to
the correct value.

[~ Dptimize [ Show parameters

[ Transter func.

O Impedance

O Loudspeaker unit PR
[ 4BR FR

Hunits |2 'I

We need to set the relative locations of the

Box configuration =
IBDK

£]] 30.00

Optimize: [¥ Show parameters
Transfer fune.

Impedance

Loudzpeaker unit PR

ABR PR

T ooog 1 O00d

Radiation configuration

subwoofers and the passive radiators in order |
to get a reliable simulation. As we have the s

I~ Show reference

| Loudspesker unit PR =] [Rel ncatior————
treble unit as reference point we need to set s
dX = 150mm, dY =-730 and dZ = 180mm. [t :IT
Click on the radiation component (looks like B | 5 S
the letter R) that is closest to the TS driver and e ranser urcion
enter the information. Fierame [Notin us=
For the passive radiators we enter o o0 ik I Enatle B

dX =-150, dY =-730 and dZ = 180 and

dX =150, dY = -430 and dZ = 180 (click on the radiation component that is closest to the

passive radiator component.

13
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The graph begins to look like
the simulation we see in the
ugly duckling. One exception is
however the lack of the bump at
100Hz. To model this we open
up the TS driver dialog again
and click on the Configuration
tab. Here we find a box with the
name Inductance simulation.
This is Off by default but can be
set to two active modes.

Load impedance only:

In this mode we get almost the
same response as in the older
LspCAD 5.25 simulation.

© Ingemar Johansson, IJData, Lulea, Sweden

bE] deg
AN R L 1500
80.00 I
I I I IO N =5
o I |- 1000
75.00 : ‘
: / A = Total SPL, mag
R S P ; Loud spe aker unit PR, mag 50.0
/f e I ABR PR, mag
7o.00 I B 2 R I B B = SRR Total SPL, phase —
/ { Yoo
£5.00 b
/7\5 / : 500
£0.00 / ! 000
25.00 ] : -150.0
N el AR g HZ
10 Hz 80 100 500 1000

SPL and load impedance. This models the impact on the power response, actually it
makes more sense to model the power response as the subwoofer is actually side
mounted so we simply select this mode.

The colors look quite dull so we take chance to modify these (click on the tiny rectangular
boxes in the graph). Also we click on the generator in the schema and set the voltage

multiplier value to 2.83.

With this we are done with
the subwoofer part for the
ugly duckling. If you want to
see an overview of the
project, click on the small
arrow down symbol on the
lower left corner of the main
window.

The project so far is saved
as

ugly duckling 1.Isp

in the examples folder.

90.00

85.00

80.00

73.00

70.00

65.00

Thisispart one of the ughy duckhng]
t_lproject for LspGAD 6 _ _ _
. :‘ - - . - - P - .
LA
S o sduit I
SV SR TINGE
/7\5 / S Tatal SPL, mag
" Loudspeaker unit PR, mag
Ch - - ) ABR PR, mag
S ST N -- Total SPL, phase

deg

120.0

oo

500

an

-a0.0

-100.0

-150.0

10 Hz
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4.2 The midrange and the treble unit

We continue using the same project and
add the midrange and treble units. It is
however a good idea to put these

Sweden

components on another schema page, .
therefore click on the small dropdown Gene,m ot
listbox that is located in the upper left 1000y
corner of the schema.
First of all we put the driver units on the
schema. This is quite straightforward. ¥
ﬂ enerator
Import  Sawe as default 10_00051 : >
Phasze/gioup delap | Time domain | Off axiz I Palar |
General SPLAfer I Impedance AS we Only
rSPL——————— afer[Transter functiont——— .
Show Show wish to see
Combined [ Mode difference . .
[ aleerce ) Refeence the midrange and treble units for the moment we open up
o the settings dialog and deselect the Peerless SUB, and the
e ABR PR from both the listboxes in the SPL field in the

I j'

Combine for tatal SPL

20000Hz

SPL/Xfer tab. We can also set the display range to 50Hz-

¥ Show phase ]
[Midrangd =] __Mew | Cine | Delete |
Range I30 a8 eneral  Diriver parameters
AT (O e —
: Rel. locatior Orientation
00 s [un1 ] ®[00 mm ||x [0 e
17 | EE & [1200 om | v [00 deg
ileck [0 a8 e ™
Reference SPL data
I i & w Imported data I Extra transfer functionl
Filename IUser\Arbeten\IJdata\DeIwar}l\lspcadB\examnlas\Nearfield + U115 80cr Browse
Scaling  |R.0 dB Smaotthnne j DelayIDD ug
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Before we do anything else we recall that we verified that
the dZ offset was set correctly in the old ugly duckling. We
can actually do the same thing in LspCAD 6. For this
purpose we open up the settings dialog again and select
the SPL/Xfer tab. In the bottom of this tab we have the
option to import a reference curve. We import this
reference curve and also in the Show box we check the
reference curve. As this reference measurement was done
at 80cm distance we also need to set the distance to 80cm
in the General tab.

In order to protect the treble unit in this reference
measurement a 33uF was put in series with the treble unit.
Therefore we also need to break up the schema and do
the same thing.

»
Midrsnce
Ganeraiur 2
1.000%

1
33.EI:UDUF

] .,
Ganerator 3 Treble
1.000%
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With this done we can have first
look at the SPL graph. We can
see that we need to adjust the
offset of the reference up by 2dB
to match the simulated
response. Still there seems to be
a misalignment between the
treble and the midrange units.

In the older ugly duckling project
we adjusted dZ for the treble unit
in order to get a good match and
we also see here that dZ = 3mm
we get the best match.

With these adjustments we can
start doing the crossovers it is
however advisable to set the
simulation distance to 3m and
deselect the show reference
curve.

The project so far is stored as
ugly duckling 2.Isp
in the examples folder.

© Ingemar Johansson, IJData, Luled, Sweden
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The real ugly duckling of today use the

Behringer DCX2496 digital crossover. D296 1 N

Also a 15uF capacitor is in series with the ’ 1 oooee

treble unit to protect from possible power JLLLL ) A range
on transients. Modeling crossovers for Qrser Gareins

the ugly duckling can be done in many

ways. One alternative is to use the G(s)

G(z) component but as the DCX2496 is

actually used in this case we pick the

DCX2496 components here. With the

necessary components inserted into the

schema we get the looks to the right. PLX2i962 &
Itis a good idea to waste space as it may J ’ R e

be needed later. The observant eye may ;Gmmms L 4 oo
see the small buffer amplifiers, there are TP i

needed as the DCX components cannot

directly drive the driver units, neither in

reality nor in LspCAD 6.

For the midrange we need to determine what kind of filter blocks we need. After some
thinking we need roughly:

2" order HP filter 100Hz

3" order LP filter 3000Hz

A shelving filter for the baffle step compensation

A notch filter for the 8200Hz resonance peak.

First we deselect Treble from the Combine and Show list box so we can concentrate only
on the midrange.

o8 deg
The first, unoptimized T T T T T TS T T T
i R | e } M ||| io——TotalsPL,
attempt is shown to the left. 50 [ Ve '\\ — [l sPL magy
SN / Lo © | i ||| B Total SPL, phase
The project so far is stored PN I £ A0 N I G . | A G H AR RO
as f‘ T 3O N - H \ 500
. aRr 5 HF But 12 S
ugly duckling 3.Isp PN | KR o AR ABERALRE
in the examples folder. Y o B i I SEARREE P T
B iRN Parametric EG P Tl 1
_30.00 fo = B140Hz, gain =-10.0c8, Q = 10000 ! ; :
|--[1 | Lo shEQ adEMact ST ]|eno
0 = 499Hz, gain = 6.0d6 H R YN T
SEEN Parametric EQ ! - - ARHEH S
-35.00 - fo = 2980Hz, gain= 5,008, Q=2.00 N[ -100.0
G0 Hz 100 500 1000 5000 10000
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With this it is time to optimize the response of the midrange, as target we select 4" order
Linkwitz-Riley response with 120Hz and 3500Hz.

El B
General I><-ove|| EQ | About I General over I EQ I About I
ID[><24981 I Bypass W Optimize HP filter LP fileer
I Invert But1z = L3k _
Ban (0.0 d I opt Freq l—m e 7 ont Fiea |—2980 He i
Delay [0.00 me [ opt
dB db deg
’ DDE—Mag LE 1500 D'Dug—l\ﬂag [ 150.0
0.00[3--- Phase [1f/ Lo0.0 -5.000 4"~ Phase 11 100.0
s 500 sl A 500
-10.00 0.0 _15.00 0o
-15.00 L -30.0 -20.00 S0
SRR B -100.0 -100.0
-20.00 : \ 1500 -25.00 N ARREEE T : - 1500
W0 s 0 sm 1000 s000 154 W0 50 100 SO0 1000 5000 LEA
= [ = |
A
. . . Generall Heover EOQ |Abuul |
In the settings for the midrange filter we =
. . . . 3 .
need to set the optimizer to optimize the o | EA S | TN i
. . 1eq | 2580 H of
parameters of the filter, (cutoff frequencies ;°|2m " E:
for the LP/HP filters, gain, Q and center & -
frequencies for the EQ’s). Also we need to 500 500
enable the optimization. It is more 000 1000
convenient here to not include the 8100Hz 00 500
EQ in the optimization. 0 o
-50.0
-15.00
Optimize IHangaI Target' Other I -100.0
-20.00 -150.0
. M EEEs HEaE N ) N Hz
& Driver output [] Peerless SUB 10 Hz 50100 500 1000 5000 1E4
= Transfer function DAEH F‘F\
" Impedance ! = [
optimizer

In the crossover optimizer we first
select that we wish to optimize the
midrange response, also we set the
range to 70-6000Hz.

When one click on the Start button
one may experience that the
optimizer is slow. The reason to this
may be that we have too many
analysis points. A way to increase
the speed is to set the working range
to a more limited range and decrease
the number if analysis points,
another means is to select the Fast
Iteration in the Other tab.

IMldrange

Dptim\zel Range Target |Dther I

LF

Fc [1200 Hz © Enable

order | 4
ILinkwwtz =

%0 paints | Levelsother | Boxvol | Phase |
| EQ | |mported I Slope

j Mew I Clone Delete

ol- B T = = -
B -|- T - B B -
1500 //
oo . . -
o :f O Tama B B
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N - Summed L
- - T hdang:, mag -
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3800
-a0.00
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100
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ooo

S000

1
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Hz
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After the optimization we have a midrange response that follow the target pretty well.

The project so far is stored dBﬂ____ - - e
as ool ' Vol SN |

D B A A i — | 1500
ugly duckling 4.Isp 11 / AR RS :\:::::: :

in the examples folder. o0 - 100.0
11l : 50.0
-25.00
ol CO—— Total SPL, mag i AR
.f O—— Midrange, mag on
- / . = Total SPL, phase |- | - | - h--|-|- ;
-30.00 {1 - — i T -
. N A . . \ o |{-500

-35.00

. T T - ST T - -100.0
-40.00/ \N -150.0
- B HZ

50 Hz 100 500 1000 s000 10000

o deg
The treble filter is S B I e R e Y Y B s e I B DY E
optimized in the same B C S HERE R AP Al et Rk
fashion as the midrange B S S R S S 1 A :‘\f’: T
filter, the resulting treble RN N / I EEEE Y
response optimized for a nRNE ¥ BRuEk Y 500
alignment is shown to the A HNH BEERE 0.0
right. ~30.00 4 P But 18 i

-|-|-] fo = 2880Hz . I i
See ||| Parametric EQ | G e -&0.0
. fo = 4770Hz, =40dB, Q=500 - —
ugly duckling 5.Isp 3500 |1 Parametrc G R Teemn | ons
in the examples folder || p e gan = 30eE. A 2 T 0 / g TotasRL prase |
el T T
30 H-Z- - -1DD - - - EDD - -1000 - - - S-DD-D- -1-DDDD - "

The combined midrange
and treble response can be
found in ugly duckling 6.Isp. Looking closer at this response (not shown here) one can
see that the response is not entirely ruler flat also there is a peak at 6500Hz, not large but
it would be neat to get rid of this. Also it looks better it we add 90dB scaling to the
imported SPL data. If we add a dip at 6500Hz and run an additional optimization we get
the summed midrange and treble response below (see ugly duckling 7.Isp).

dB deg

75.00 + i : SN 1800

| / SRR AN & H I P
70.00 ; BAE -
::::5/: SULEEEEE L R b e

65.00

0.0

—

£0.00 8 : - :
S 3 S IO N 0 X S A I 0 ) O O | X
A preaiseLmag |

55.00 T C—— Midrange, mag v ; _
y ANS O Treok,mag R I S R R O |
|- - Tatal SPL, phase SR

50.00 [ o L P soo
il il S Sl Il . L & HE

S0 Hz 100 500 1000 5000 10000
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4.3 The subwoofer unit (again) and tying
things together

After this is done it is high

time to add the subwoofer , POQEES o Passive raditor b
. 1.00000 Peerless
the signal to the sub needs to ~ ssort N = :
be LP filtered, for this purpose j 2es0v | LTI 5l D
. Giain=-4. 0B : B | ABR PR
we use a Behringer crossover Daly=0.00s a8 B e 3127 Ne/m
. LPEut18 b T v sl | Mmp 1000.000 g
component as well. This is fe-118Hz Peeess M 0% Y Con 4504wl
figured as a 2™ order Aot EgE o demomens
con’ig . , Fire 5120 o [Om 1500
butterworth filter with cutoff at o 1607095 b Tk
1190z, FOR M
duckling project.
dB deg
k.
L AN A
. i 75.00 T T T LT ] 1900
The resulting on axis G .)/__ LA
frequency response is 70,00 LU A - L] S 1000
shown to the right. In this SO 5:\ S L
case no additional SR LI 0 1 1 RV N e
optimization is done (see // %: R R N A N R L G G R
A A e—Total SPL, AR B '
ugly duckling 8.Isp for Y728 AN R oo MY B 2L
more graphs). /h / UL B s | e
N I Y N AR |:| Treble, mag S NERAS L
55.00 I TN e Total SPL, phase T 1000
5000 \ SRRttt R Lt LT
10 HZ 7 — VSI]”V‘\EID‘ ; 7 SVDIVJVV{DDD V 7 VSVDIZIVI]”:IEA V >
. dB deg
Also worth a look is the : ‘
transfer function. This will S| I R Y B N [T AT lsoo
become handy when we I I e Y : ‘“Q:s@;- 1 ‘ L
wish to create a passive O NI B e w anmuns | LU
crossover later on. N R ;‘\::..
500 - \ AN 0.0
T SR | A e R
: N ARES Dé— Midrange, mag o \ |
A 7 | o Treale, mag -50.0
_15.00 (= Peerless SUE, mag
- f -|-F ] Midrange, phase M IS -
LA m Trehle, phase N 1N . -100.0
. . / Sl M Peerless SUB, phase
-20.00 :
. { ) LR . N . -150.0
The response in the low : / \J \ S EEF -
frequency region drops 10 Hz 50 100 500 1000 5000 1E4 :

approximately 4dB per

octave. This is good when the loudspeaker is in a normal listening room, one can always
EQ it with a shelving EQ and get the response simulated in ugly duckling 9.Isp, this does
however sound “too much” in the very low frequency region and can sometimes become
really unpleasant
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4.4 Doing the passive crossover

Doing passive networks is a tedious task. One reason is that the load impedance is
complex, this can however be fixed with shunt circuits such as zobel and series resonance
circuits. The other problem is that unlike e.g the Behringer XO where one can set the
slope of a LP filter and the shape of an EQ , everything in a passive XO is tied together.
For instance if one change a component that is supposed to affect the slope of the
highpass part of a bandpass filter, chances are pretty high that the lowpass part is affected
as well. In short, what is easy done with active XO’s can drive you crazy if implemented as
a passive crossover.

But lets stop whining. This section described how a passive crossover is constructed for
the midrange and treble section. The subwoofer is omitted, is anyway bad practice to
construct a passive crossover for a subwoofer as the components can in the end be more
expensive than buying a power amp and run the subwoofer actively.

First we open the project ugly duckling 9.Isp. To make 4
things easier with the construction of the passive Tarstr rcton =

crossover we export the transfer function of the a3 Eson |
midrange and treble unit filter, this is done from the 9 M : DK'"l

graph window. Click on Export. In the dialog we select
the Midrange transfer function and click on Export. We save the file as

ugly duckling midrange TF.txt in the examples folder. Do the same with the treble unit
transfer function.

This makes it possible to optimize the transfer function of the passive crossover to the
same target, slightly more simple than having to optimize frequency response all over
again, also it is used in this tutorial to show the possibility

One observation worth notice here is that the gain for the treble filter is 1.8dB, this means
that we would need to attenuate the signal to the midrange in a passive filter. Personally |
don'’t like this so we need to fix this.

After this we remove the subwoofer and all the other components except the midrange
and treble unit driver from the schema.

Our first task is to make the impedance curves of the driver units more flat, this is of great
help in our strive to achieve a good passive filter.

In ugly duckling passive 1.lsp a series resonance circuit is used to reduce the
resonance peak at 70Hz while a zobel is used to cancel out s :

IA

the impact of voice coil inductance. Also in this case the [Setes resonance

midrange is change to a configuration with the two midrange ~ [pesinion ~Cixe | _Dddn |

units is series. This reduces the sensitivity of the midrange i gucknarlne
lezcriphion

but makes it easier to match the sensitivity of the treble unit.
For the treble unit we settle with a zobel network just to fix

s

the voice coil inductance. L T -
Note that the series resonance component is a grouped Cr—— s
component with wizard properties. This means that one can [etes vemcraes =
right click inside the dotted frame and click on Wizard in the

dialog that pops up. In this wizard one can set the center o osmw

frequency (fo),the Q value and the minimum impedance of S E——

the series resonance circuit, when Apply is clicked the

appropriate components are computed.
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After some tweaking with components (actually it is possible to use the optimizer for this).

We get the initial passive crossover show to the
right. The resulting impedance is shown below.

Series resonance

Generator 2
1.000%

Ohm
k.
30.00

deg

7 -+,
.694mH

a7

BB AMBF
3

15.0000km

Midrange

25.00 T T [ [ Generator 2 ,
B A - | B Midrange, mag 0.00 R4
1 = Generator 3 2000hm | Treble
O—— Treble, mag Generstor 3
20.00 | ener:
- O Total impedance, phase 1 oo o8
| e ! 2.2000F d
=i d
15.00 \ 0.00
e g e o NS R Bl 2w BNy
10.00
"4 K HNN A A s
500 et | LT i:;,,g,i’/,
0.00 g HZ
10Hz 30 100 S00 1000 3000 1E4

The impedance is not totally flat but it is not critical to get it 100% flat as we may anyway
use these components when we optimize the transfer functions of the filters. The
resonance peak at 600Hz may cause some problems for us when we start to tweak the
transfer function of the treble unit but lets hope for the best...

The project so far is stored as
ugly duckling passive 1.Isp
in the examples folder.

Passive LP/HP filter wizard

Now it is time to add the actual crossover components. For
this purpose we can add a HP/LP filter with a right button click
on the mouse (in Edit mode of course).

As a starting point we select a 2" order HP filter with cutoff at
120Hz and a 3" order with cutoff at 3500Hz. The nominal load
is set to 12ohm. When we click on create a crossover is
dropped on the schema, we move it to an appropriate place.
Perhaps not necessary but good anyway is to make sure that the very aggressive peak at

HP section LP section
2 = .4
fe (1200 Hz fe ISSDD 1] Hz

°m Create |

Mom, load |12.00
[~ Group items

8500Hz is attenuated as much as possible. Therefore we put a [wizard 5
series resonance filter as a shunt across the driver terminals (get  [eees e [~
the wizardized group from the templates this time also). When e
we enter Simulate mode we right click on the series resonance e e .
and configure it so that we get a sharp notch at 8500Hz.
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The crossover begins to look like something useful.

L4

q 0819mH - g 78
1

c4 LE
BaF g 0.273mH

© Ingemar Johansson, IJData, Lulea, Sweden

8500Hz trap

FHz trap

GEnErahjr 2
1.000%

0

3

R4

I
o5 Ls ?1
5.0510F 2511mH |

s
et

RS

The frequency response is
less charming though. We
could run hog wild trying to
optimize the response but
it would probably fail as we
do not have anything that
can compensate for the
baffle step. The existing
components may do this
job to some extent but
most likely it will not work
100%.

The project so far is stored
as

ugly duckling passive
2.Isp

in the examples folder.
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"
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In order to get something that can handle the baffle step we add a parallel inductor and a

resistor in series with the input to the crossover.

Now we tag all the components belonging to the midrange crossover (except the
components that belong to the series resonance and zobel circuits) for optimization.
Earlier we mentioned that we should optimize the transfer function of the
midrange crossover. The figure to the right we can see what it looks like for

the component L4.
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Next we need to measure the transfer functions of the
midrange crossover if we look at the schema we see that the
input to the filter is connected to node 1 and the midrange is
connected to node 2 . We open the Settings dialog and
click on the SPL/XFER tab we can set the node difference to
be computed as the voltage ratio between node 2 and node
1.

We open up the Optimizer and select Transfer function in
the Optimize tab.

As target we select the file that we exported from our digital
filter project. The Range is set to 70-6000Hz.

Optimizer £
j New I Clone De\elel

|Midlamge
Dpt\mizal Range Target |Dlhar
Zmin | #0 points | Lewvel+ather | Box val | Fhase |
e | P | en mptted | Slape
Filename:
|C: Szervibetentl) data\DeliverytlspoadBhesamplesiualy ducklir

Browse

I~ Enable

© Ingemar Johansson, IJData, Luled, Sweden

E|
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When the optimizer is open the
components that are selected
become boldface, it is good practice
to have an extra look at the schema
to verify that the right components
are optimized before Start is clicked.
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Once the optimization is done we have the midrange crossover and the response below.

RE L4 ca
| a50hm 5 05dmH 9 BOAF )

1 ]
La 5
Generamr 2 318 7T

1.000%
0

R

2000hm [+
Trehle
Ca
2.200uF a
T

This looks pretty good or ??

Generatur 3
1.000%

The project so far is stored as
ugly duckling passive 3.Isp
in the examples folder.
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function as target.
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The treble unit is treated in a similar way as the midrange. Here a 2" order HP filter is
combined with an attenuator. One special problem with the treble unit is that a dip at
4700Hz needs to be equalized. This is a no-brainer with an active crossover but with a
passive crossover some extra brain cells are needed. In this particular case a parallel
resonance circuit was incorporated in the attenuator circuit that serves to reduce the

attenuation at the resonance.

After some optimization a flat response was achieved one problem though was that the
impedance was a mere 2.8ohm at 20kHz!.

|

SN S
mir W pF
ma IW F

ESR [0000  mOhm

Loss 0o %

This must be taken care of. Therefore we run an additional optimization run
with impedance constraint. For this purpose we tag all the components that
belong to the treble network for optimization (see example to the right).
There is no need to touch the midrange components as we see that they
don’t cause any impedance problems.

Dptimiza' Fange Target I Other |
[v Optimize . . . HP I LP | EQ I Imported | Slope I
] Trnsfr e When we run our optimization of the Znin  ¥Opeinis | Levevother | Borvel | Phese
« it combined midrange and treble response we ' ]ZEDTHMJE— %
T set the range to 250-16000Hz as we don’t L
[0 [wo z|  want the roll off to disturb the optimization. 000 e/ 6o [os a8
1000 0Hz+/-10% 7] use
One special feature we use is that — EEE x4

we lock the crossover point to
3600Hz, thus we ensure that this
XO point wont move when we hit
start.

In the Zmin tab we set the initial
Min Z value to 3ohm. Then we
click on Start.

As the optimization is running we
click in the MinZ field and increase
the value with the “Arrow up” key
on the keyboard. Increase this
value with care, if you increase to
fast the optimization may FUBAR
and you need to stop and undo
the optimization, the restart again
from a low Min Z. After a while
you have reached 4.2ohm, which
is considered good enough.

The project so far is stored as
ugly duckling passive 4.Isp
in the examples folder.

|Preset

Dplimize' Range Target I Other |

;I MNew I EIoneI De|EtBI

Step 2.0%

| b | E@ | Impoted | Siope |
%O ponts | Levelsother | Boxvol | Phase
Man|4.2 Ohm
LUWerIEDD Hz
Upper|2UDDD.D Hz
e & Start Undal
B ohm
30.00
55.00 -
\,\ - N . 25.00
60.00 - - - -
. N N B P LV I I . 20,00
55.00 -
F— Target - BRI -
[F—— Targer, exclude / B I e I :
s Fr—— summed I R e : 15.00
FT Midrange, mag R \\ - :
F—— Treble, mag z N I s O I .
.00 = Total impedance, mag BRI : 10.00
: :l;—lmpedancetargat - - R
Sl | - 5.00
40.00 — e <
I T
100 Fz 500 5000 10000
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The final crossover schema looks like below.

8500Hz trap 7F0Hz trap
R L4 [ L6
1 98240hm g DS4IMH g BO44OF gy DgSOmH
T 1 ) "
égma “ cs LS (£160mH Widrange
Genaa‘m 2 imi 7T 20.210mH &
1.000% 1L9B5uF o
i Rs
1,0000hm
c3 RS
3 5518uF 14 2.7840hm 4
T — Fe
R10
L3 |j18850hm 7350hm + i
Generamr 3 0.209mH rehle
1 000V SN O £ T, foc:]
15| 3s700hm 0.840UF 0
§ 1o Lio
B0A41uF | ;

49.109uH

il

Farallefresonance

The components are non-standard however. It is possible that we can special order the
inductors for the resonance circuits but they are for sure not with zero internal resistance
(unless you are extremely rich). Also the capacitors have some loss and ESR. So we add
some internal resistance for the inductors and a little loss and ESR for the caps plus force
most components to E24 standard values.

8500Hz krap 7F0Hz trap
L c4
R 56.000uF L& s L7
RE o 2?0 opn | ESRE04000hm 0.470mH 0180mH 33 000mH
10.0000hm fi=tl 2itmehm Ios$=3.0% ri=0.200mOkm Fi=0.1000Hm ri=1 O00CIHm
— A | e
3 2 i Midrange
.200uF Iig j— ca 18.0000km c7 b
99”5'310’ 2 ESR=0.1000k 22000 1 B00UF o6 180 000uF
1.000% L3 loss=3.0% ri=1.000Chm ESR=0.10000m | 3 goouF ESR=1 0000hm
5.300mH lo=s=3.0% ESR=0.1000hm loss=3.0%
1i=0.1000hm RS Ins5=30% R3
1.000Chm 15.00000m
c3
5 BO0UF
ESR=0.1000hm RS
logz=3 0% 2.7000hm
I —
T Lt
L3 R10 R4 4
0.220mH 1 800Chm 2.7000hm Trehle
[ofoenerater 3 ie) 2000k
1.000% 3 ca
23000kHm 0.820uF
cia L1o ESR=0.1000km
56.000uF _| 15.000uH los3=3.0%
ESR=01000hm o0 1000
lose=3.0% e

Parallel resonance

With some work plus rearrangement of components we get a schema like above, the
losses and internal resistances are guesswork. The frequency response does not look that
good anymore (ugly duckling passive 5.Isp. This can be fixed with another optimization
run.

After the optimization the response is more flat (ugly duckling passive 6.Isp) but the
components are non-standard again.
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Again we can tweak the values to standard values but it is simply to boring for so | leave it
as homework for you.

An interesting thing is tolerance to changes in component values. As an R G
experiment all components are given a tolerance of +/-5%. The tolerance min [T000 | milbm
analysis feature is used to get an idea how sensitive the crossover is to may [100000 | MO
component variations. The result of this experiment is shown below, there S

are no big surprises here. Good.!

dB v Tolerance analysis

o 50 [50 4%
B5.00 {|————— % ' %,—N S 'a;"*;\%\\
60.00 //

925.00 / -
- O—— nominal

50.00 B e

E_I— Min
45.00
40.00

& Hz
100 Hz 500 1000 5000 10000

What about power handling?, it is good if the overall frequency response is kept relatively
flat when the input signal increased. For this experiment we assume SK/W temperature
coefficient for the midrange and 20K/W for the treble (this is also a wild guess). When we
increase the input voltage from 1V to 30V we will get a slight compression of the output
power, this is inevitable, what is more important though is that the frequency response
remains relatively unaffected. The figure below displays the frequency response for
different parts of the project, the 30V input graph is offset by —29.5dB to fit into the graph.

dB

65.00

This project was intended to
show some of the features
available in LspCAD 6 and
also give some ideas how the
optimizer can be used.

60.00

O ugly duckling passive 5.1sp
. ugly duckling passive 6 Isp
o

ugly duckling passive 6.1sp with 30v input |- | - -

“D ugly duckling passive 4.1sp |

100 Hz 500 1000 5000 10000
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4.5 Modeling a column type loudspeaker

The subwoofers in the ugly ducklings are of the long, narrow type. This means that one
will experience standing wave resonances at quite low frequencies. These standing wave
resonances are not modeled with the lumped parameter model presented in chapter 4.1.

In order to enable modeling of the standing waves we can replace the box component with
two wave guide components. The reason why we chose two wave guide components is
that subwoofer is not mounted entirely in one end of the column box rather it is located
15cm above the bottom of the box which in this case is 90cm high. We should thus use
two wave-guide components with the length 15 cm and 75cm. In order to get a volume of
51 | we need to set the throat and the mouth area to 560cm?.

= (0.15+0.9)*(0.056) = 0.0504m’= 50.4 .

After some editing we

J—— Peerless SUB

end up with the schema =]~
. 2.830% S, é =
to the right. R1 and R2 N
1 5321
are to simulate the 71 R2
1 000MGH 1.000MCHm ﬂ )
closed ends of the two Feeress 4R PR
. #5112 I I Rmp 3127 Ns/m
Wave-gwdes. Re 250 Ohm Mmp 1000.000 g
Rms 5120 Ns/m Cmp 4572204 m/N
Mmd 160.709 g Sd  4BB.000 cm”2
Cms 46000 um/M Wap 133000 1
Sd 465000 cm”2 Omp 15000
Bl T7.60 NA& length  75.00 em length  15.00 cm fp 7.42 Hz
P o T aea 560.00 em™2 T area 560.00 cm”2 b 7.42 Hz
;Pe'ze'ﬁlié“;"eg“'da mecil of the subivricfet M area 580,00 em"2 M area 580.00 om"2
ugly duckling 1.lsp losz 0.05 loss 0.05

Cao 340.0 m/s Co 340.0 /s

Below is shown the difference
between the lumped

parameter model and the S
wave-guide model. snoo N N I B P N

dB

85.00

This example is stored as
column ABR speaker.lsp a0.00
in the examples folder.

75.00

— Calumn type loudspeaker modeled with wave guide

\lli TR
1] I B . I
SD 100 500 1000

65.00
10H

70.00 // — gy duckling PR lumped parametera? |
|
iz
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