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1		Introduction

LspCAD for Windows is a software package that allows you to construct Loudspeaker.  LspCAD is short for
 Loudspeaker Computer Aided Design.



The software package handles 3 different types of loudspeaker enclosures, namely:

Closed box.

Bassreflex box.

Sealed rear chamber Bandpass box.



Up to four different types of diagrams can be viewed, they are:

Frequency response on axis at 1 m distance. Also shows the acoustic contribution from the driver unit and the ports for the bassreflex box and the frequency response with port standing wave modes for the bandpass box.

Cone excursion.

Air speecd in ports.

Impedance kurve.



The sofware demands the following of your IBM-compatible PC:

Minimum 4 Mb RAM

about  2 Mb disk space.

VGA graphics card (640,480) resolution is enough, but (800,600) or higher is recommended.

Windows 3.1x or higher. 

Arial TrueType font installed.






�2		General comments

2.1		About the software

The software for LspCad Lite for Windows is developed with Borland C++ 4.5 as platform. 




The name Lite denotes that it is a diet version of the more advanced LspCAD for Windows which has a number of more features such as:

Simulation of  passive radiator-boxes and more bandpassboxes 

Step response and groupdelay

Simulation od frequnency response in rooms and with respect to baffle size.

Export in LEAP or MLLSA format.

 LspCAD for Windows is however not avaliable as shareware and the manual is still only in swedish.



The software is delivered as is and the constructor is on no way responsible for damaged hearing, divorces, car accidents, smashed tumbs, riots  and other unwanted effects of using this software. The software works flawlessly under Windows 3.1, 95 and NT.




The programs are very straightforward and easy to use, however it is advisable to at least glance through this manual quickly before using the software.



2.2		Registering

This software is fully usable and without any annoying nag's or other reminder notes. Thus you don´t need any registering code in order to get all functions working. 



If  you find this software usable and is satisfied with it (and I know you will be), I strongly encourage you as good members of the United Nations to send 20 US dollars along with your own name, address and email to the address below. By doing so you also recognize the authors effort and the amount of work behind this software. I believe that you 
will agree that
 the 
$
20
 fee is r
idiculously small  for this kind of software.



Ingemar Johansson

Regnvagen 16

976 32 Lulea

Sweden



Comments are sent to Ingemar.Johansson@lu.erisoft.se
  .




2.3		A few more words..


Please receive my excuse for the sometimes funny grammar and language construction that you may find in this manual. I hope that this won´t disturb you too much.



The program Speaker unit which is intended for editing and creation of loudspeaker parameter files is descibed in chapter 3. 



In chapter 4 the main program Speaker box Lite, which does the simulation job is described. 

�
3		Speaker unit


With the help of this program you can create you own loudspeaker parameter files which should be imported to the program Speaker unit. The parameter files use .unt  as default extension, but nothing keeps you from using another extension.



Below follows a description of the various menu-selections.

	File | New

	Erase all information.

	File | Open...

	Load a parameter file.

	File | Save, File | Save as...

	Save a parameter file.

	File | Print data...

	Print the loudspeaker parameters.

	File | Copy data

	Copy the louspeaker parametrers to windows clipboard.

	File | User note...

	Here you may enter your own comments, up to 600 characters or 9 rows of information may be entered.

	File | Exit

	Terminate program.

	Help | About...

	Information about this fabulous program and the author of it.



In the always visible dialog window you can set a number of loudspeaker parameters.

  	Manufacturer	Manufacturers name.

	Model	Model name of the loudspeaker unit.

	Type 	Enter the range that the loudspeaker unit works within.

	Sd	Cone area	[cm2].

	Vas	Equivalent volume 	[l].

	Cms	The mechanical compliance of the suspension 	[m/N].

	Cas	The acoustical compliance of the suspension	[m5/N].

	Qms	Mechanical Q-value.

	Qes	Electrical Q-value.

	Qts	Total Q-value.

	Pmax	The maximum, termal limited input power	[W].

	Xmax	The maximum linear excursion, NOTE peak to peak value	[mmp-p].

	Airgap height	Airgap height of the magnet	[mm].

	Voicecoil height	The  voice coil winding height	[mm].

	Mmd	Moving mass excluding surrounding air	[g].

	Mms	Moving mass including surrounding air	[g].

	Rms	The loss resistance of the suspension 	[Ns/m].

	fs	Resonance frequency in free air 	[Hz].

	Re	Voice coil resistance	[W].

	Le	Voice coil inductance	[mH].

	Crosscalc. 	When this checkbox is cheched the program will always try to force the 	parameters to coincide with each other.

	Double voice coil	Check this checkbox if the loudspeaker unit has double voice coils.

	Efficiency	Shows the efficiency of the loudspeaker unitid 1W och 1m avstånd.



Most of the parameters depend on each other, e.g fs depends of Cms and Mms. If one parameter is undefined the program will do its best to calculate this parameter. All values are limited, e.g Re can only be positive. Note that it is possible to modify the numerical values with the arrow up and arrow down keys on the keyboard.






�4		Speaker box Lite  

Speaker box Lite is the program that does the simulation job.



Entering data is done through dialogs. One simply selects on the menu what one whish to change and a dialog shows up. Most of the dialogs may be left open on the screen. As in the case for the Speaker unit program one may change the numerical values with the arrow up and arrow down keys on the keyboard.



Below is a description of the different box types. The different menu selections are best described in chapter 4.1. Only the menu selections that differ are described in the subsequent chapters.



The project files created by this program has .box as standard extension but one may use other extensions as well.

4.1		Closed box
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This is the most simple box type avaliable. The transient response is with a well tuned box very good. One of the drawbacks of this construction is that the output power at low frequencies is wery limited unless you use very large or long stroke loudspeaker units. 

When  you choose this boxtype the initial menu will be replaced with a menu whoose selections are described below. Moreover a number of icons will show up on the client area, icons which hides diagrams (see ch 4.5), if you double-click on an icon it will be expanded to an MDI window within the client area. A calculation will be done one selects the  the menu selection Calculate.

Note! You must  first load a driver unit before you can do a calculation (Driver unit | Load...). A dialog will come up which asks you for filename e.t.c.

This boxtype has no advanced demands on driverunit Qts. However a very low Qts may give problems with a high cutoff frequency. Damping material can be used extensively in this box but should not be placed too close to the driver unit as this may increase distortion.



See below a description of the different menu selections:

	File | New project...

	Create a new project, see ch. 4.4.1.

	File | Open project...

	Load a project.

	File | Save project , File | Save project as...

	Save a project.

	File | Print window...

	Print active window.

	File | Copy window

	Copy active window, a diagram is copied as a bitmap while the information window is copied i ASCII format.

	File | Exit

	Terminate the program.

	Driver unit | Configuration..

	Set number of driver units, electrical connection etc. (see ch. 4.4.2).

	Driver unit | Edit..

	Edit driver unit parameters.

	Driver unit | Load..

	Load a driver (loudspeaker) unit.

	Meas. setup

	Set measurement setup, see ch. 4.4.3.

	�Window | Arrange icons

	Arrange the icons in the client area.

	Window | Cascade

	Cascade the windows in the client area.

	Window | User note... 

	Here you have the option to enter comments (max 50 characters) in the diagrams, or max 9 rows or 600 characters of user information in the information window.

	Help | About...

	Show some valuable information about this fantastic software and its author.





The menu selection Box opens a dialog which lets you set the parameters for the box, namely: 

	Box volume	

	Box volume in litres.

  	Box Q-value	

	Box Q-value (3-15). An undamped box with rigid wall has a Q-value of 15, while one may reach a Q-value of 3 if one stuffs the box completely full with damping material.

	Fill

	Depicts how much of the box is filled with damping material. If the box is completely filled with damping material, the Q-value will decrease, but also will the virtual boxvolume increase with about 20%.	

  	Note that you will have to set this parameter to eg. 100% if you set the Q-value to 3. For Q-value of 7 the fill factor should be set to about 50% while a Q-value of 15 will give a fill factor of 0%.

In this dialog you can also select the menu selection 

	Optimize

 	Yet a dialog shows up where you can select between different tuning setups for your selected driver unit. The procedure is simple, just click on the desired Qtc value and the program will calculate the correct boxvolume for you. A Qtc of 1.5 will give a bump in the frequency response but also a lower volume than a Qtc of 0.5 would give. If the driver unit has a high Qts it is not always possible to select all tuning setups, the impossible setups are then grayed out.




�4.2		Bassreflex box
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This type of  box is probably the most common. The possibility to get higher output levels is greater than for a closed box. The drawback is however that the transient response is worse than for a closed box, the effect of this is that the reproduction of e.g kickdrums or sweping bass guitars is not distinct and and tend to blur. Yet another drawback is that the port may generate a chuffing noise at high power levels due to the high air speed at resonance. The fact that the port has a specific length sadly enough also makes it good as an organpipe.

The driver units should not have a too high Qts. Dampingmaterial should be used with restriction and with the objective to reduce standing wave modes within the box. Much damping material may of course be of some help if driver Qts is high.



The menu for the bassreflex box is the same as that for the closed box with the exception that the box dialog is different.

Box volume and damping. The fields are presented in chapter 4.1.

The port is described by:

	Length

	Vent length in cm, all vents has the same length.

	Diameter	

	Vent diameter in cm. All vents have the same diameter. Bear in mind that a small diameter may give trouble with noticeable chuffing noise at high power levels, a rule of thumb given by R. Small is that the airspeed in the port should be less than 15-20m/s at high power levels. That you can check in the diagram Port air speed.

	Area	

	Vent area in cm2. Note that it is the area of the vent that counts, the cross sectional shape may be circular of rectangular.

	Res. freq.

	Resonance frequency in Hz.

	Number of vents	

	Number of vents (1-9). Note that all vents in a port must have the save length and area.

As in the closed box case one can optimize this box by means of the menu selection:

	Optimize

	An additional dialog shows up where you can select between different alignments and different stuffing of the box. If your driver unit has a high Qts, it´s not sure that you can select all alignments. The alignment which is considered to give the best transient response is the SBB4/BB4 alignment.



�
4.3		Sealed rear chamber bandpass box



�

This type of bandpass box is the most simple, the efficinency depends on the bandwidth in the aspect that the higher the bandwidth the lower the efficiency. The normal bandwidth is 1 to 2 octaves. A benefit if this boxtype is that it is quite simple to achieve good output at low frequenies, even though the total volume small. A drawback is that the port is prone to generate standing wave mode resonances, the first at one half wavelength, so the bandpass box is best used in combination with a lowpass filter. The port should have a rather big area as all energy emits through it. The Qts of the driver units should not be too high as the required boxvolume increases with Qts. Suitable Qts values range from 0.3 to 0.8. The transient properties is about the same as for a bassreflex box. Dampingmaterial can be used in the rear box but should be used with care in the front box.



The menu for the bandpass box is the same as that for the bassreflexbox with the exception that the box dialog is different.

Rear box volume and damping. The fields are presented in ch. 4.1.

Front box volume and damping.

Port. The fields are presented in ch. 4.2.

As in the closed box case one can optimize this box by means of the menu selection:

	Optimize

	An additional dialog shows up where you can select between different alignments for your system, Passband ripple is the irregularity you can allow in the passband, the more ripple you allow the greater bandwidth you get. Sensitivity is the sensitivity in the passband relative to a closed box. the higher sensitivity you demand the narrower the bandwidth you get. 



�
4.4		Input dialogs in the program

The dialogs that are common for all boxtypes are described below. 

4.4.1		Selection of boxtype (File | New project)

In the dialog that shows up you select which box type you wish to simulate. After you have selected boxtype (and pressed OK), the menu will change and a number of icons will show up on the client area. Note that you must also load a driver unit before you start.

4.4.2		Setting number of driver units e.t.c (Driver unit | Configuration)

In this dialog you can set number of driver units, isobaric configuration and electrical connection of multiple driverunits and double voice coil electrical connection. 

	Number of drivers	

	Number of driver units (1-9).

Isobarik

	Yes	

	Check this checkbox if you want an isobarik confoguration of two loudspeaker units which will then constitute a driver unit.

	Series

	The two loudspeaker units of the driver unit are electrically connected in series.

	Parallell

	The two loudspeaker units of the driver unit are electrically connected in parallell.

	Separate sources

	The two loudspeaker units of the driver unit are electrically connected to separate sources.

Double voice coil electrical conn.

	If the loudspeaker unit has double voice coils you have here the option to select the electical connection of the two voice coils.

	Series

	The two voice coils are electrically connected in series.

	Parallell

	The two voice coils are electrically connected in parallell.

	Sep. sources

	The two voice coils are electrically connected to separate sources.

�INBÄDDA MSDraw Object1 ���

Fig. � SEKV Fig. \* ARAB �
1
�

Electrical conn...

In the listbox that shows up you have the opportunity to select how two or more driver units are electrically connected. See fig. 1. There is always the option to select series, parallell and separate feeding of the driver units.
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The concept of electrical connection of driver units may sometimes become a tricky matter especially if one also selects nine driver units with isobarik configuration and double voice coils. 



Fig. 2 shows a case where 4 loudspeaker units with double voice coils are used with configuration 2-2 and the double voice coils are connected for separate sources. In this case the number of driver units is 4.

�INBÄDDA PBrush Object1 ���

Fig. � SEKV Fig. \* ARAB �
3
�





Fig. 3 shows a slightly more simple example where we have 4 loudspeaker units connected in an isobaric configuration two by two. In the isobarik field the Yes checkbox should be checked and parallell connection of the isobaric pairs should be selected. The number of driver units in this case is 2 as we use isobarik configuration. The electrical connection (Electrical conn...) of the driver units is set to series as the driver units are connected is series.















4.4.3		Setting measurement setup (Meas. setup)

In this dialog you set general stuff  such as number of analysis points, input level e.t.c.

Frequency settings:

	Start frequency	

	Start frequency of the analysis in Hz.

	Stop frequency	

	Stop frequency of the analysis in Hz.

	Number of points	

	Number of analysis points (10-250).

Level settings:

	Source level	

	Input level from source (i.e amplifier) in V.

	Watts in 8 ohm	


	Input power from source  in W over an  8 W load.


	Source resistance	

	Amplifier output resistance, this also includes cables and the internal resistance of crossover inductors.

	Series inductance	

	Series inductance. Note that simulation of this assumes that a conjugate link is connected in parallell with the driver unit(s).

SPL plots:

	Autorange	

	Check this checkbox if you want the diagram showing the frequency response to show as much as necessary.

	Range	

	Here you select the dynamic range of the frequency response (1-80dB), note that this is only possible if the Autorange checkbox is unchecked.

Calculate immediately

	Check this checkbox if you want the program to calculate as soon as a dialog is closed and in many cases as soon as a field is modified, a nifty thing is that you can modify e.g the port tuning frequnce'y with the arrow up or arrow down keys and instantly see the effect on the diagrams.	




�
4.5		What can I read from the diagrams ?

Speaker box lite has the diagram
s
, in separate childwindows or MDI windows as they are also called.  All windows are initially iconized and may be opened by means of a double-click on the icon. Note that the diagrams cannot be resized or maximized. 


When the mouse pointer is moved across a diagram a separate window will show the X and Y-value of the poi
nt where the pointer is. If 
one double clicks when over the diagram the Y value 



will change to a relative value. Double click again to change back to absolute value display.

When there is a risk that the curves may be interchanged, descriptive text are shown on the top of the diagrams and the most inportant curve is thick.

Note also that you can select Window | User note to insert a line of text at the bottom of the diagrams.

4.5.1	
	Free air SPL at 1m distance

This diagram shows the sou
n
d pressure level at 1m distance as a function of frequency and input power. The speaker is assumed to radiate into 4p space. i.e it is mounted at the end of a long tube. The sound pressure level if the speaker is placed in an infinite baffle is 6
 
dB higher. 
The diagram looks different for the different box types:


Closed box:�One black thick line.



Bassreflex
 box
.�
T
otal SPL 
shown with a 
black 
thick line. 
T
he contribution from the port and the dri
ver is shown with
 
red and blue thin lines.


Sealed
 rear 
chamber bandpass:�Ideal frequency response shown with black thick line. 
The frequency response when standing wave modes in the port is taken into consideration is
 shown with a blue thin line.



The dynamic
 range
 i.e the difference between the lowest and the highe
st
 reading on this diagram can be set in the 
Me
a
su
rement setup
 dialog (see ch.  4.4.3).




4.5.2		Cone excursion

This diagram shows the cone excursion (mmp-p) for each driver unit as a function of frequency and input power.

Remember that the cone
 
excursion in this program is given as a peak to peak value. One important thing 
is that if the cone
 
excursion exc
e
e
d
s the Xmax value then
 distot
ion will increase abruptly.



4.5.3		Port air speed

This diagram shows the port air speed in the port (m/s RMS). Important here is that if the port air speed ex
c
eeds some 15m/s the problems with chuffing is very likely to occur.



4.5.4		Impedance

The impedance curve shows the loudspeaker systems total load upon the driving amplifier. Note that the program will automatically compute the impedance depending on the e
lectrical connections of the
 driver units
, even if there are many
. 

4.5.5		Information

The informati
on window is not a diagram. I
t is a small window which shows the setup, box data and also some extra information s
uch as -3dB frequencies. This do
cument is printable as all the other diagrams. When printed out, a small sketch of the box is visible on the paper.




�
4.6		A small glossary


Below is a short de
s
cription 
of some strange words that show
 up every now and then.

�
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Isobaric:


Isobaric or compound mounting is when 
two loudspeaker units are moun
ted face to face as 
in fig. 4, note that the loud
speaker units may also be moun
ted face to back. These two lo
u
dspeaker units form a driver unit. �The benefit of this is that the box volume may be halved, the drawback is that the efficiency in
 
terms of dB/W is decreased.�It
´s
 important that the mounting d
oesn´t leak and that the volume
 in the cavity between the loudspeaker units is as small as possible. 



Loudspeaker unit:


	An ordinary louspeaker unit.


Driver unit:

	A conception that is used in 
this program just to avoid confu
sion when isobaric mounting
 is 
used. �If isobarik mounting
 is not used then a Driver unit is synonymous to a Loudspeaker unit.


	If isobarik 
mounting
 
is used then two Loudspeaker units form a Driver unit.


Organ pipe:

	Standing wave modes in a port occur when the length of  the port is a multiple of a half wavelength. For example if we have a 20
 
cm long port, then we will get standing wave modes at 850Hz, 1700Hz, 2550H
z and so on. The effect of 
 the above may be
 remedied somewhat with the use
 of crossovers or a dense cloth that obscures the port from the driver unit(s), the clot
h
 must not, however obstruct the airflow in the box.. 
As the problem with this phenomena is more serious for the bandpass box the SPL diagram sh
ows also the frequency response when these effect are considered.





�5	A few construction hints

5.1	The cabinet

For the cabinet or enclosure it´s very good to use Medium D
ensity Fibreboard (MDF). It´s 
very simple to work with and has very good acoustic properties. 



For the front baffle it´s good
 to use double 19mm board for medium sized boxes, remember though to cut the loudspeaker hole of the inner board bigger than 
the mounting hole on the outer board
. This will limit the risk 
that 
the the mounting hole forms a long tube that may cause resonances. 



It´s generally better to use a high and narrow box 
rather than a square shaped box as the medium and high frequency range is better reproduce
d 
of the driver units of the latter is higher above the floor. Of course one don
´t need to follow this advice if the loudspeaker is mounted on speaker stands.



5.2
	Damping material



The
 most common damping material is fibreglass. The main purpose of damping material is to li
mit standing wave 
mode 
resonances
 in the 
box
 which
 occur when
 one 
inner 
size of the
 
b
ox
 
is equal to on multiple of a half wavelength. For example if the inner heig
ht
 of a box 
is 1
 
m then one get the first mode as low as 170
 
Hz
 !. This mode is actualy best dampened out with heavy stuffing of damping material halfway
 up the box 
as the particle velocity is highest at this point for this mode. Damping mate
rial along the inner walls seldom do
es
 much for the damping...



5.3
	Crossover links


Although there exist a number of cheap programs that compute crossover links which are very fancy and often handles 4th order filters and so on they too often tend to neglect the phase and frequnency response of 
the loudspeaker units
. Another problen is the cabinet edge diffraction which for  1m
 
x
 
30cm frontbaffle will make an amplification of the level at 1
 
kHz of 6
 
dB relative to the level at 100
 
Hz.  


My point is that as long as one neglects these facts, the above mentioned crossover programs are useless. Designing crossover filter is
 by
 far 
a 
more complicated task than computing a box volume and port tuning and generally requires measurement equipment. In you don´t have the equipment neccesary it´s better to use the manufacturers kits or consult a friend that has the equipment.
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