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As with previous versions, the development of Galaad 3 has been greatly
helped by three professional users, who have made numerous suggestions and
given up a great deal of their time to the fiery - sometimes explosive -
prototypes. Smple thanks can never be enough for the contributions that
these three people have made towards the development of this software,
however, it would be improper if they were not named here.

Wthout doubt, recognition goes to Patrice Berger, a model maker near
Annecy, France, and an old friend of Galaad, with which he makes many
beautiful things, Christian Goubin, a technology teacher near Vannes,
France, and an insufferable supporter based on the number of suggestions
that he has made; and finally, Yves Laporte (Prestical Company), a
polystyrene carver near Bordeaux, France, also notoriously unlucky when it
comes to stumbling across unbelievable bugs. These three dangerous
pyromaniacs have been the cause of many a late night but, in the end, it was
all worth it for the good of the project.

Smply thank you.

B. Lenoir-Welter
April 1999 - July 2005




COPYRIGHT / RESPONSABILITY
Copyright ? 1992-2005 Bertrand Lenoir-Welter / All rightsreserved

No part of this software and user's manual may be reproduced or
transmitted, in any form or by any means, for any purpose whatsoever,
without the written permission of the author. To do so constitutes a forgery
punishable under local law and international copyright treaty.

Any person legally acquiring this software is permitted to make copies of
it on the condition that it is strictly in accordance with the terms of licensing
agreement in their possession; namely that it is for evaluation purposes only
and not for commercial gain. Integrating this software, either totally or in
part, with another piece of software constitutes a breach of copyright.
Moreover, no part of the software may be disassembled or de-compiled, in any
way, without the written consent of the author.

Galaad is supplied as is, and no guarantee is given or implied as to the
results obtained by its use, or regarding overal satisfaction with the end
product. Galaad is a complex piece of software and has been extensively
tested, however, these tests are not guaranteed to have removed all bugs and
minor errors from the software. Finally, no guarantee can be given that
subsequent versions will necessarily be compatible with existing versions.

The user is solely responsible for using the software and ensuring that the
results obtained by using it are those expected. No responsibility will be
attributed to Galaad, its authors or distributors, for any damage caused, either
directly or indirectly, to the machine tool, any peripheral devices, cutters,
stored data, or any other object including hardware and software involved in
the usage of Galaad.

None of the above terms and conditions affect your statutory rights under

current law or legidation.

NEMO LEGEM IGNORARE CENSETVR
(Ignorance of the law is no excuse)
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GALAAD 3

O Brief Curriculum-Vitae

Galaad is a CAD/CAM/CNC software package (Computer Aided Design /
Computer Aided Manufacturing / Computerised Numerical Control), the
point of which is to enable you to design, i.e. draw, then manufacture, i.e.
mill, parts or objects that you need. In view of the geometrical nature of most
components and the associated tool paths, this requires a classical approach to
the design work. Galaad is a single integrated package that covers all
aspects from drawing through to controlling the milling machine, and not
smply a collection of different applications. This integration in a
homogeneous set offers many advantages, making it easier both to learn and
to use, even for absolute beginners.

It isimportant to mention here that, in spite of its name, Galaad 3 is not
3-D design software. Its application domains are mainly engraving and
cutting works on plane materials. Galaad provides special functions that
create 3-D wiremeshes, for example cut profiles or curve surfaces; it accepts
3-D handling and effects; it can import and mill 3-D external files, but it
cannot create, handle, import or mill volumes that are made of facetted or
NURBS surfaces. Only 3-D vector trajectories that represent a toolpath are
accepted. Therefore if you aready have a 3-D CAD system that handles
surfaces and volumes, you need an intermediate module that can convert these
shapes into vectors which define a final toolpath. Only then can you mill
these 3-D vectors using Galaad.

Galaad 3 is designed to be used on a PC running Windows 95, 98, ME,
NT-4, 2000, XP and whatever Microsoft has in store for our wonderful future.
It can drive a number of CNC machines with 2, 3, 4 or 5 axes, either directly
or by using an external driver programme. It may also be encapsulated in a
wider processing chain. Consequently, Galaad can be considered an open
application. We will see more later about the machines covered and details on
how to configure them.

Additional programmes and icons appear when installing Galaad,
enabling you to make non-indexed turning, automatic motion programming,
printed-circuit engraving, or 3-D milling up to 5 axes. These extra modules
are described in the last chapters of this manual.
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GALAAD 3

O The User'sLicence and working without a licence

As with most software, Galaad is the result of a lengthy development
period and is therefore not freeware. If you are reading this manual, it is
likely that you have legally obtained a copy together with a licence. The terms
of this licence concern you all the same as you may need to make authorised
copies of the software.

The user licence for Galaad is aways in the form of an
electronic protection key, commonly called a dongle. Depending
on its type, the dongle must be plugged into the LPT port
(printer port) or a USB port on your PC so that Galaad can read
it and thereby give you full accessto all features.

-

Not having a dongle is in effect not having a user licence,
which will prevent Galaad from communicating with the outside
world. In this case, it will neither be possible to execute the
milling process, nor export any designs to another software
package, including using copy/paste. Y ou will however be able to
save designs and drive your machine manually, even though
automatic machining will not be accessible.

O 0000000000 O
Q0 O0O0O0COO0OOo O

For professional licences, it is not necessary to have the key attached
to the parallel port of your PC at all times; Galaad can simply re-enable the
licence monthly. At the appropriate time, it displays a message requesting you
to attach the key to the port for a moment, so the licence may be refreshed.

This restricted functionality is deliberate for several reasons. Firstly, it
allows the software to be copied legally for evaluation purposes by potential
users. Secondly, a user of Galaad may well wish to install it on severa
computers dedicated to designing and reserve a single PC for driving the
CNC. An unlicensed version is no less subject to the current legisation
covering intellectual property rights.

You have the right to copy the Galaad 3 CD-ROM, or its
downloadable version, for your own use or for distribution. This is
provided that the contents are not modified in any way, that all copy-
rights are acknowledged, and that there is no possibility, even indirectly,
of designs being manufactur ed with the softwar e without a user licence.
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GALAAD 3

There are three types of user licence available. The professional licenceis
the main one, and is for those who wish to use the software to design and
manufacture objects for commercial gain. There are no restrictions with this
licence. The educational licence, asits nameimplies, isrestricted to usein a
training environment where there is no commercial gain, either directly or
indirectly, from any objects manufactured. Finally there is the hobby licence,
which has milling time restrictions and can be sold only to associations.
Using an educational or hobby licence must have no direct or indirect
commer cial pur pose.

There is no difference in the functionality of the software under the
different licences, with the educational or hobby version having al the
functionalities and features of the professional version (except milling time
restrictions for hobby). Only the terms of use are different. Consequently,
using an educational or hobby version to manufacture objects for
commercial gain isaviolation of the licensing agr eement.

Some subsets of Galaad may be sold separately at a lower price, in which
case, the corresponding licence is valid for these modules only. Conversely
the normal user's licence of Galaad covers al modules, thisis not the forced
sale of useless modules, smply the standard Galaad licence provides access to
all features.

If you have any questions relating to the licence that you have been
supplied with, do not hesitate to contact your supplier. Remember that if you
have been sold a copy legally it will come with a dongle.

For further information, or in case of difficulty we invite
you to visit the official Galaad web site at www.galaad.net

Note: are fully recognised all registered trademarks and the corresponding owners' rights that
may appear in this manual.
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GALAAD 3

O System configuration

For those who are interested in the details, Galaad 3 was devel oped during
1998/9 using Borland C++ 5.02 OWL on two PCs linked by Ethernet. One
fitted with a 350 MHz AMD K6-3D processor and 256 Mb RAM running
Windows 98 version 4.10.1998 for the development;the other fitted with a
120 MHz Cyrix P6 and 64 MB RAM running Windows 95 4.00.950a for
testing. The code was compiled as 32 bits for an 1486 processor with a maths
co-processor. In simple terms this means that Galaad 3 will run neither on a
PC fitted with an i486 SX or SXT processor or earlier, nor under Windows
3.11 or earlier, if such systems are still in use somewhere on this Earth.

Strict minimum specification is:
- 50 MHz i486 DX processor
- 16 MbRAM
- 30 Mb of available disk space
- 640?480 ? 16 VGA graphics adapter
- mouse or equivalent pointing device
- Windows 95 operating system

Obvioudy Galaad will fed happier (it's likely that you will too) with a
more powerful PC, as described below. The recommended configuration is at
least a 200 MHz processor with 64 Mb RAM, a graphics card with
1024 2 768 ? 256 resolution and a small joystick. By the time you read this,
the most basic machine available will probably be much more powerful than
this. Note that Galaad is not a particularly demanding piece of software and
thereislittle point in buying the latest state of the art PC for it, you would
be better off buying a high quality monitor.

Note: do not dismiss the idea of a joystick,
as it frequently proves ideal for controlling a
machine in manual mode. See chapter 7 on
advanced milling functions for more
information on configuring and using a
joystick.
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O Beinquisitivel

Whatever you may get out of this manual, you will no
doubt learn mostly by actually using the software. There will
always be those complex functions that you will have to refer
to the manual to find your way through, however, your best
bet both now and in the future, is probably to follow your
ingtinct.

Galaad is house trained and so won't actually bite when you make a
mistake. At wordt, it will send you a disapproving warning, which will no
doubt be bearable in view of the relationship you should have established with
Galaad (at least from Galaad's point of view).

So don't hesitate in learning what
Galaad 3 can do, thereis no shamein being
a beginner and consequently no reason to be
shy. If you have any doubts about how a
function works, the best way to find out is
to jump in and try it, even if the end result
is quite what you expected; you can always
cancel if things do not go to plan. Trial and
error is often the best way to learn how
software really worksl Galaad is no
exception.
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GALAAD 3

O Setup

Galaad 3 is supplied on a CD, which contains
al the files that will be transferred onto your hard
disk. The installation program will normally start
automatically a few seconds after the drive door
has been closed.

Under certain circumstances the "AutoRun” fails to start, depending on
your Windows configuration. In this case it is necessary to run the
SETUP.EXE programme on the CD, using the "Start" button and the "Run"
option. If your CD drive corresponds to the D unit, which generally occurs on
abasic PC, type D:SETUP and click on OK.

x When the SETUP program

e ® is run, be it automatically or
GALA@ manually, it produces a blue
' screen and a series of dialogue

boxes to enable the installation
to be configured according to

Thank you for choosing Galaad 3. [nstallation is quick. and easy.
Files are only placed in the Galaad installation directary, hence
Galaad can be removed by deleting this directory using Windows
Explorer and manually removing shartcuts in the menu and on
the desktop,

your wishes.
Installation directary : |ERETPE Biowse )
S The first one asks the usual
[ Create a shortcut in Windows "Stat” meru quwlon r%ardl ng Whefe you
[V Create a shortut on Windowes desktop ng,] tO Inﬂa“ Galaad on your
¥ Associate Galaad 3 files [*. GAL) with this installation hard dlg( The defau“‘ f0| der |S
c e [[Howw | e | C:\GALAAD, but the choice is
yours.

If you wish to install Galaad into ancther folder, smply type in its name
or use the "Browse" button, which will open a small window enabling you to
browse the directory tree and select a destination folder. It is not necessary to
install Galaad in the default directory or even on alocal hard disk. What is
more Galaad does not modify any files other than those in its own folder,
except for desktop shortcuts to it. In particular, the innumerable system files
associated with the Windows galaxy are not affected by the installation of
Galaad onto your hard disk.

1-18 — Installation




GALAAD 3

A standard ingtallation of Galaad 3 requires
30 Mb of space available on your hard disk, plus
some for storing your own designs.

Installation from an Internet download contains
less Galaad fonts and design samples, it therefore
requires less disk space.

Finally, the SETUP program performs the little additional Windows setup
tasks, namely the addition of shortcuts for starting Galaad and the association
of GAL files with Galaad so that opening them will start Galaad
automatically. If you do not require these additional features, untick the
appropriate boxes at the bottom of the window.

Then click on the "Next >>" button.
I=| It is now necessary to tell
; S ® Galaad the general charac-
GALA@ teristics of your CNC machine,
' if one is actually connected to

It & CHC machine is connected to this computer. please give the

technical specifications stated below. Accuracy is not vital at this thls Workaatlon If not7 do not
stage, as all of these settings remain accessible from Galaad 3 e A A .
once installation is complefe L-l waste yOUr time go| ng Into
€ There is no CHC machine connected ta this computer e H H H H
' The following CNE machin is connested to the computer ——————————— daal I’ JUS validate this page as
ITIS.
bl [IselAutomation [x|icranan =l tis

> Comeotedto [COM1 v] | Detect
Note that these parameters

Lathe: [Hone =l can be modified after Galaad

-5 Comnectedio [COM1 =] Delect has been installed, errors can

<2 Previous | Mest 3> I Ezit | therefore be fu”y Corr&tw at a
later date.

If you are installing Galaad onto a workstation connected to a CNC
machine, select the option that will alow you to specify the type of machine
and the communications port to which it is connected.

Click on the "Next >>" button one last time. A final dialogue box will
appear confirming the folder into which Galaad will be installed and showing
the software licensing agreement, which you are, of course, already familiar
with, having read the previous chapter.
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Now click on the "Install" button, which will start the installation process
and transfer files from the CD to your hard disk. This can take from fifteen
seconds to more than a minute, depending on the type of installation and the
performance of your machine. A progress bar shows how things are
proceeding and a message confirms when the process is compl ete.

Following this message you can start Galaad for the first time and
thereafter by using the icon that has been placed on the desktop or the
shortcut created in the "Start” menu. Your installation is now complete.

O Softwaredriver for the dongle-key

Unlike with Windows 95/98/ME, direct communication between Galaad
and its dongle key, plugged onto the printer port or a USB port, cannot take
place under Windows NT kernels, including Windows 2000 (NT-5),
Windows XP (NT-5.1) and subsequent versions. With such operating systems,
it is necessary to use a specific software driver which handles the com-
munication. This driver programme is located on the CD-ROM, and will be
installed automatically, after prompting you for approval. Of course, there is
no need toingtall it on a workstation that has no licence.

If you wish to install or reinstall this driver, open Windows Explorer,
search for Galaad3 in its CD-ROM drive, and double-click on the
programme "DongleDriver.exe". This will load and install the appropriate
driver to allow Galaad to communicate with the dongle key.

Under certain configurations of Windows 95/98/ME, and especially when
exotic peripherals are connected to the paralld port, it is aso necessary to
install the driver. If you have the USB version of the licence key, then the
driver is required anyway. Run the above-mentioned programme if you did
not allow it to install automatically. Note that Windows XP is able to detect
the USB dongle key automatically when it is plugged in, and install its own
driver.
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O ThelLay of the Land

Remember that installation does not add
any files other than to its own folder, except
for the shortcuts on the desktop and in the
"Start” menu. These are the classic LNK files
destroyed by Windows when you delete the
shortcuts.

Additionally the only modification to the Windows Registry is the
association of GAL (design files) and GLI (object libraries) files with Galaad,
which allows it to be started by double clicking on "GAL File" typefiles. This
association also adds the Galaad mini icon to GAL files, visible in Explorer
and Windows dialogue boxes used for file handling, thus simplifying file
identification. The above adds a grand total of three little keysto the Registry.

O Moving Galaad

If necessary, it is possible to move the
installation to another folder with the help
of Windows Explorer by renaming the
target folder or cutting/pasting it to another
drive or subdirectory. No problem with this,
Galaad is easily moved. Don't forget to
manually redirect the Windows shortcuts on
the desktop and in the "Start" menu.
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O Uninstalling Galaad

It was not felt necessary to create a programme to automatically uninstall
Galaad, due to the smplicity of the installation and the absence of any files
except those in the folder into which it was installed.

To remove Galaad, it’s a case of deleting its
folder using Windows Explorer or a similar tool.
It'sthat smple.

You can then manually delete the icons from
the desktop and the shortcuts in the "Start” menu,
which will remove all trace of Galaad from your
hard disk.Never again will you be bothered by
Galaad, it’syour loss.

If you are not happy with the idea of three keys remaining in the Windows
Registry, it’s pretty easy to delete them: these keys concern the links between
* GAL files (Galaad designs) and GALAAD.EXE program; *.GLI files (Galaad
libraries) and GALAAD.EXE; and between *.GAW files (Gawain turning
designs) and GAWAIN.EXE. These keys are of no use once Galaad has been
removed from your hard disk, they will take up no space or system resources,
nor will they interfere with other applications, but you have every right to
remove the even the smallest dust Galaad may have left on your computer.

Open Windows Explorer and select the "Folder options' command
(generally found in the "Tool" menu, depending on your Windows version),
then "File types' page. Seek for the GAL, GAW and GLI extensions and
remove them with the "Delete" button. A greyed button means that the key is
already erased. The next boot of Windows will clean this up for good.
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GALAAD 3

O Contact

On startup, Galaad displays a small graphic image to keep your attention
whilst the configuration files are loading. If you have a restricted user licence
or none at al, a small message is then displayed, reminding you of the terms
of use.

The window shown below is the main design and control screen that you
will soon become more familiar with.

-[ol x|
File Machine Edit Design Display Text Parameters Help
A | ) 80 s
& 5

g

%)

TR 20 ol [l

. v
|Version 3- 140205 Pro |[[x 5907 10 mm [z:i{x27.56 ¥ 35 mm |m[x1338 v15 mm [z:il4as5mm 518 [y —mm [
[Grid 1 %1 mm [h[son 7 RO atmm  EE[737 227mm [B:lauto e[ 100 % 60 = 30 mm ] P—— )

At first sight it may seem that there is a great deal here, but you will soon
get to know your way around. Each icon and each display area has its
particular use. In addition, you can easily pick up the key functions available
in the menus and design icons. All will be clarified later on in the manual
when you learn how to restrict the information displayed, but for now, let us
neither anticipate nor concern ourselves with all that appears on the screen.
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Theworking areais divided into five distinct zones.

- At its centre is your drawing board. This shows the result of your
creativity, ready to be sent to the CNC to be manufactured with no further
ado. Simply, it isin this area that your design will take shape and can be
viewed from abovein plan, or by using the lateral and 3-D views.

- At thevery top of the screen isa classic menu bar. This provides accessto
al functions from file handling, through access to the CNC, to
manipulation of the display, and is arranged in terms of functionality.
Nothing original here, apparently even in Australia the menu bar is at the
top.

- Immediately below is the equally classic tool bar. Each icon is a shortcut
for a function in one of the menus, which saves having to navigate
through the maze of sub-menus. Just to give Galaad a proper non-
conformist feel, some of theseicons also have a "fly out" icon underneath.

- On the far left of the screen are the design icons. There you will find
plenty to stimulate your creativity, providing an array of tools for
congtructing the objects that will allow you to create your design. When
the mouse pointer is passed over these icons, a group of icons will "fly
out", offering awider range of associated functions.

- Finaly, relegated to the very bottom of the screen is the display zone. An
Aladdin’s cave of information about the current design including co-
ordinates, dimensions and angles, packed in higgledy-piggledy.

Note: Please keep in mind that the aim of this manual is not to teach you
about the current Windows interface, which at the time of writing this manual
is supposedly nearly finished or at the very least the ground work is complete.
However, severa little reminders will be given here and there, totally free, but
all the same, don't hold out for an advanced technical course on the inner
workings of Windows, which are varied, twisted and sometimes even logical.
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O Baby steps

As you will discover, drawing with Galaad is not all that complicated.
However, it is necessary to remember that the object of the exercise is to
generate a toolpath for a machine cutter to follow and not just a pretty
design to be simply printed. Do not compare this with an image editor like
PaintBrush, PaintShop, PhotoShop, etc. for bitmap files, which work on a
mosaic of pixels and not co-ordinates.

Galaad CAD moduleis a vector graphic editor, i.e. alineis constructed by
defining the two points at its extremities then linking them; it is not ssimply an
array of black pixels. This calls for greater precision, and for the work to be
approached from a graphical point of view as opposed to an artistic one. If
you have already used vector design software, such as CorelDraw or Adobe
[llustrator, you will have no problem in becoming familiar with Galaad. The
modus operandi is quite conventional.

File | Ledifie G Let us begin by opening the "File' menu and clicking on
TOpen... the "New" command. The current design will be removed
Sove as.. and replaced by a blank drawing board.

It then requests the overall dimensions of — hakili
the new workpiece. Measure your material e =

and enter the dimensions in the appropriate e

place. These dimensions can be modified at Llenan: Ji2__Jmn e

any time by using the following command, zuiss | e
"File/ Material dimensions’ in the same _ —
menu. Check the values and click on OK. e N

/" Let’s begin with something smple, like a straight line. Locate the

"lin€" icon in the design icons on the left-hand side of the screen,

ignoring the multitude of other icons that fly-out, the basic icon will do fine.
Click on it and return to the drawing board.

The cursor will have changed from the oblique white arrow to ared cross,
complete with cross hairs. Move the mouse and the red cross will follow its
movement along with the cross hairs which indicate the current position on
the rulers. In addition, the numerical co-ordinates are indicated at the bottom
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of the screen and updated when the position settles. Click somewhere on the
board and release the mouse button.

This fixes one end of a line and as you move the mouse, you will see a
moving line connecting the first point to the cursor. As well as the absolute
position of the cursor, its position relative to the start point of the object is
also indicated in both Cartesian and Polar co-ordinates at the base of the
screen. Position the cursor wherever you wish then click and release the
mouse button.

Galaad is then immediately ready to repeat the operation for another line.
Try again, but this time using another method; press and hold down the
mouse button at the starting position, drag the cursor to an end point and
release the button. Theresult isidentical, choose the method that you prefer.

Continue drawing simple lines, and with the cross hair cursor visible on
the board try using the arrow keys on the keyboard instead of the
mouse. Each time an arrow key is pressed, the cursor will move by a small
amount (which depends on the setting of the magnetic snap grid - see the
bottom left-hand corner of the display) and instead of clicking with the mouse
press the Spacebar to fix a point.

O Simple co-ordinates

Moving on a little further. Rather than either using the mouse or the
spacebar, press and a dialogue box will appear that will allow you to
directly enter the numerical co-ordinates.

Just enter the value for the X co-

ordinate then press the tab key = Zcosdie

. 12 mim
to move onto the Y co-ordinate
relative to the W
value.

¥ co-ordinate

Enter the required figure and B i
click on the OK button with the relative ta the [south edge of the board - — |
mouse or simply hit to confirm.
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It isworth mentioning that pressing and simultaneoudly reverses
the direction of movement and will allow you to return to the previous entry
point. This is not just confined to Galaad but works in al Windows
applications. The key validates the whole dialogue box.

Note: Galaad's orientation system defines as "west" / "east” the negative
(towards the |€eft) / positive (towards the right) X directions; "south” / "north"
the negative (towards the foreground) / positive (towards the background) Y
directions; and "down" / "up" the negative (towards deep) / positive (towards
retraction) Z directions. This corresponds to the mathematical standard.

This standard orientation remains
valid for machine control. Warning: a
greater value for the depth therefore

Y \

e N =+

negative direction, even if Gaaad
reads and displays the depth in
absolute value. - e X+

You will no doubt have noticed that the dialogue box provides drop down
boxes for setting the origin of the point entered. Therefore it is possible to
define a Cartesian value relative to a point other than the origin of the board,
(O, 0), which is, by default, situated at the south-west corner (bottom |eft).
Bear in mind that if you enter a dimension that is relative to a given point
located right/above, then it will probably be a negative value.

Returning to our cursor, you will now see it has been fixed at the point
defined in the dialogue box and that the mouse click has been applied. You
now know how to fix something at any absolute position using Cartesian co-
ordinates.

Polar co-ordinates TO a’]ter a Va|U€ |n p0|ar CO-
 Distarce ordinates (for the second point
[ only), you must press

relative to the | previous point <
~ ngle

5 °

telative to the |west > east direction b

simultaneoudly.

Thiswill open a similar dialogue
box, but for co-ordinates in the form
(R,?) as opposed to (X,Y).
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Asfor Cartesian co-ordinates, the numerical values of the current position
of the cursor are shown when the dialogue box isfirst opened.

At this stage of the apprenticeship, you know how to use the design cursor
and define points numerically. Practice drawing by using some of the other
design icons, for example rectangles and circles. However, don't spend too
long at this early stage and stick to the white design icons as the others
(yellow, green and blue) are not directly involved with the drawing process as
you will see alittle later.

O Snapping to positions

If you already have something visible on the board, :
perhaps a simple line, you will have noticed that .. )
locating the cursor in the neighbourhood of an existing
object pops up a small red point. A short tip about the
logical position will also appear.

Interzection

By pressing the space bar on the keyboard, you automatically
snap the cursor to the small red point, i.e. you directly validate the
corresponding position. This is very useful when dealing with a lot of
pointing tasks, particularly on polygon vertices, intersections, arc centres, etc.
If there is no small red point, then the validated point will correspond to the
current cursor position.

Note that the middle button (or whed button) of a three button mouse has
the same function, rather than requiring a keyboard input even though the
space bar is not too difficult to find. To manage a snap operation that would
correspond to a click using the right mouse button, press simultaneoudly the
key (Caps Lock). Thisisalso valid for the mouse middle button.

A little bit more complicated, but worth mentioning,
you may manage a two-stroke snapping, i.e. snap to the
X co-ordinate of a small red point then move somewhere
else on the board to snap ancther Y co-ordinate or the co-
ordinate of the current cursor position.
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Y ou only have to locate the cursor close to the first concerned point so that
it is highlighted, then pressthe X) or (v) key to temporarily store the X or
Y co-ordinate. A vertical or horizontal red axis appears across the board, but
nothing is stored at this moment. Y ou may redo the same operation using the
same key to validate another point in case of error, or even cance it by
making an ordinary point. Move the cursor and highlight a new red point at
another location and press the other (] or X ] key, the one you have not used
yet. Galaad will automatically validate the position of the point that
corresponds to this couple of X and Y co-ordinates that were temporarily
stored.

O Handling objects

Let us stop scribbling now and see what can be done with objects that have
been previoudly created.

Move the cursor to the left and click on the yellow selection icon,
ignoring the others that fly-out.

The cursor returns to a white arrow and the last object
drawn is framed by a matrix of eight red blocks. Try clicking
on other objects here and there on the board: the red frame
moves from one to another, the outline of the object also turns
red for ease of identification. The design item within the red
frame is then said to be a selected object, an expression
which will be used very often in this manual.

This point is fundamental. With Galaad it is necessary to first select an
object and then specify the action that will be applied to it. With some other
CAD software, exactly the opposite is true, and the action is specified first,
then the target object must be pointed. Each approach has its advantages and
disadvantages, which we are not going to discuss here. If you are already
familiar with a method, let us hopeit isthe same.

An object is not modified by being selected, though its colour

temporarily changes to enhance it. But it is possible to manipulate it with the
help of the numerous tools that Galaad offers. Let the fun begin.
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The first and most obvious thing that can be done to a selected object isto
deleteit. What could be easier? Press the key or call "Edit / Delete". The
object and the selection matrix disappear. You can undo this deletion using
the key (Backspace) that is generally located just above the key on
an ordinary keyboard, or by calling "Edit / Undo" or the corresponding icon of
the top tool bar.

The second and no less obvious thing is that the object can be
repositioned at another location. Simply move the cursor to inside the
selection frame, click and hold down the left mouse button and move the
mouse. The sdlection frame follows your movements, and so does the selected
object itsalf if your computer is fast enough. Release the mouse button to place
the object in a new position. The crosshairs show the position on the rulers
and the co-ordinates in the display zone are updated during this operation.
You may still use the arrow keys on the keyboard to move the
frame by steps of one unit on therulers.

Now try clicking on one of the red median blocks of the sdlection frame
with the left mouse button and whilst keeping it held down, move the cursor
then rel ease the mouse button. The frame is either enlarged or reduced in size,
depending on the movement, and the dimensions of the object are also
changed similarly. When using the diagonal blocks you will see that all the
dimensions change but the aspect ratio is maintained. This allows you to vary
the size of an object without changing its general appearance.

Snapping to positions (bis repetita): when you move, enlarge or reduce a
selected object, the presence of another object in the vicinity shows orange
axes for Cartesian alignment, near its borders or centre. To automatically
align the sdlected object on an orange axis, just pressthe bar on
the keyboard without releasing the mouse button. The (*] or (] keys make a
partial snap so you may align only one axis when both are displayed. Once an
axis has been snapped, the object moves only along the other axis until you
release the mouse or snap to another position.

You will no doubt remember that the key opens a dialogue box to
allow a position to be defined from the keyboard. This little feature is also
available for all design and object manipulation functions in Galaad. Now
press the (€= key.
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This time a different dialogue =
box appears in the middle of the ;tdt -~ SR
screen.  You can define the — | west edge of the board H oo n
position of your object in the | uusmefs oa
upper part and its size in the relaive 1o e [sauth edge o the baard E
lower part. By default the XY Zeoodnate: 025
position of your object, shown in i e e =] -0--
the dialogue box, refers to the - Dimersions
south-west corner of the selection - lliE: o K;XNItIE
frame, but you can also use any of B2 e o e [—
the other reference points by
clicking on thered blocks. e |

You will quickly realise that Galaad does not redlly like it if your objects
extend beyond the edge of the board, especially when entering a co-ordinate
from the keyboard. Since your board represents the raw material to be
machined, it seems somewhat logical that creating toolpaths outside of this
workpiece makes no sense.

At this stage of the proceedings, you know how to draw basic objects,
snap to existing points, enter dimensions for their positions, select objects,
delete and manipulate them.

Now we are going to select several objects simultaneously so that they can
be manipulated as a group. There are several ways of doing this. The first
consists of clicking on our sdlection icon (if the cross hair design is currently
showing) then defining a rectangular area of the board. To use this method,
press and hold down the left mouse button, drag the cursor a little way and
release the button. The red selection frame surrounds the area covered and all
the objects within the area are now selected. If you only caught one or none at
all, try again. You now have several objects selected that can be manipul ated
asif they were one: position, size, delete, etc.

Ancther way is to start by selecting one or more objects, then press and
hold down on the keyboard and select some other objects. Unlike earlier,
the new objects are selected without deselecting the ones already sdlected.
You can continue like this until al objects are selected, including selections
from zones.
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O The magnetic grid

As you will certainly have noticed, both the design cursor and selected
objects can only be moved in discrete steps that correspond to the graduations
of the rulers along the edges. This is a common feature of vector design
software, which provides a grid of invisible points that are not linked to the
graphical resolution of the display and cannot be addressed directly by pixel
co-ordinates. Although thisgrid isinvisible, itsinfluence on the drawing isno
less effective.

The default value for the graduation is one unit of the rulers. At first sight
it may appear that it is not possible to construct or position the design cursor
or an object anywhere other than on a grid point. However, please note that
numerical values entered from the keyboard are not affected by the grid.
The smallest step is 1/1000™, which should be sufficient for most needs.
Galaad considers that if you have entered a numerical value for a position,
then that is where you wish that point to be and the magnetic grid is not
applied, hence it is possible to select any position on the board even when the
grid is active. This entered position remains unchanged.

If entering a numerical position is not suitable for a particular situation,
then simply change the grid step size by using the function "Design/
Magnetic Grid / Set” from the menu bar.

A smal dialogue box alows you to x|
independently set the X & Y steps, i.e. the - cowin
values to which positions are rounded up/down. e R
¥ step m mm
If you leave a value empty (or "auto"), the & entioss g

rounding will be to the smallest graduationon =

the ruler that varies with the zoom. This is sp: 15
prObany the best mode of Operation because Enabling: [Ct] key press Bz
you can zoom infout and stop worrying about
the grid.

The polar grid rounds the dope angle of the line that is currently under
construction, when pressing (Ctri]. You can also completely deactivate the grid
and work directly at a pixe resolution, but this is not recommended for
precision work. This grid is there for your convenience and using it will
certainly make life easier. Help yourself.
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O De profundis

Your artistic creations must not be made without forgetting that the
ultimate aim, even if along way away, is for Galaad to drive a CNC milling
machine. This naturally reguires additional information, namely the
machining depth, feed rate and details of the cutter tool to be used. Those
three define the extra dimensions Galaad needs to manage, compared to a
classical 2-D CAD system that is presumed to talk to a printer. They are all
reachable simultaneoudly.

+§_. Click on the green icon on the left of the board, again without
worrying about the other fly-out icons.

A new dialogue box will then pop x|
up, which will let you enter the milling = -zzpn
depth for the objects that will be B m _(WEnes
designed hereafter, along with their ietate [ucomcaece =]
feed speed, and flnally the cutter tool I~ Wisual object [wil not be machined)

[~ Make a pause before machining this ohiect

that will be used to manufacture them. B (e B o ety

— Feed speed

Enter a new mach|n|ng depth for @ sutomalic: Bmmés = 0,35 mémin |
7|

Cancel
your chosen objects. Note that you can L B
select the "Cut out" option to link =
depth to actua board thickness. [ 15 FRADFraise & miner @1 4fhtes
Further options are aso accessible
from this dialogue box.

[~ &pply to default values as well [ohjects about to be drawn)

If you are not familiar with calculating feed speeds then let Galaad do it
for you automatically. By default the software cal culates an approximate value
and takes into account the hardness of the workpiece, the physical
characteristics of the cutter and the depth of each pass. Over time you will
gradually learn to estimate feed speeds without running the risk of breaking
cutters, often caused by going too fast. You will soon develop a fed for the
correct values required. Conversion of the entered feed speed to classical units
like m/min or mm/s is displayed below. This may help you fed comfortable
with both these units which are the most commonly used.

When you are ready, click on OK with the mouse (or press &), the

values are immediately applied to the selected objects and the new
characteristics indicated in the display area at the bottom of the screen. If no
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objects are selected, the new values are not lost, but become the new default
values that will be applied to the next and all subsequent objects drawn, that
isuntil it is changed again.

Important note: Y ou can have as many depths and speeds asthere are
objects on the board. These two parameters are completely independent of
each other and are not connected with either a cutter or a machining pass, as
with many other 2-D CAD/CAM software. In addition, you can have as many
objects on the board as you like, limited only by the memory installed in your
PC, which can be huge. With modern PC's the practical limit is likely to be
your creativity. Remember that you can aso draw objectsin 3-D with variable
depths as we will soon see.

You now know how to draw objects, reposition them, enlarge/reduce
them, and finally precisaly define their milling parameters. So you are ready
to use the milling machine that has been impatiently fidgeting and pulling on
its cable. One last effort, a minor detour via the zoom, and we will be there.
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O Zoom

It is useful to be able to enlarge part of the board to check or adjust the
objects, or even use a smaller step of the magnetic grid when in automatic
stepping mode. This family of functions is designed to help here. For now we
will limit our review to the first two of them.

O., This should be very familiar from other Windows software, so
smply try it.

You can now define an area of the board to enlarge, or a smple point,
around which Galaad will apply a magnification factor of 2. In the latter case
it issufficient to click and release on the same point.

g To return to aview of all the board (no zoom) select the first fly-
out icon, "Global View".

Very useful tip: it is possible to perform a fast zoom using the (&) (or ()
key. Galaad will automatically enlarge the zone around the mouse cursor
without aborting the design operation that is in progress. This can be
reiterated, and you can zoom out using &) (or ). If you have a whedl mouse
and have installed the driver that is provided with it, a backward or forward
rotation of the mouse wheel calls the same zoom functions without touching
the keyboard. This is often helpful to ease snap operations in crowded zones:
several fast zooms magnify the location where a snap point is available, the
snap is performed then a zoom out is made if necessary to enter the next point
of the object under construction.
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O Technical control

Before setting fire to your mill, it may be worth casting an eye over the
settings within Galaad. There will inevitably be some misunderstandings, for
example, in cases where parameters are out of range. Proceed immediately to
the menu, do not pass Go, do not collect £200, and select the function
"Parameters/ Machine/ Basic data'. This should open a dialogue box for a
model which displays a summary of the key technical characteristics of your
machine.

= If al is wel, you will
- ldentification i sam
Model: |lselauomation [=[icP-an20 =] ) flnd that;g?%ﬁre tzgc H ©
Contialer: [lsehutomation =] IMC# = FT;-J ?ﬁeyg‘lilg dur\i,\rllge?he I:;glg
— Connection H
Port: [COM =] [19200bauds =] Detect e lation of Galaad.
o If this is not the case,
Renge XIWM_Y - s then it is not too late to
Eallscrew pitch [or inear mation per axis revalution : [5 mm Change any of the para-
Marimum speed [20 s

meters displayed.

It is assumed that you know the model of your machine, or at least the type
of controller it uses. If not, then it istime to contact your distributor after first
of al carefully checking that the modd number is not marked somewhere,
possibly in the most inaccessible of places. Entering the wrong machine
type is not a serious problem. Neither your machine nor your computer will
be damaged. In the worst case, it will not respond and simply ignore you. If in
doubt giveit atry. Have the courage to try, always have courage!

An important detail, you have probably aready installed a cable between
your computer and your CNC. If not, Galaad could find it difficult to control
the CNC. Progress in wireless information technology is certainly rapid, but it
is unfortunately still necessary to have physical connection between most
machines and Galaad.

Whilst on the subject, certain machines require a special asymmetrical
cable (with hardware handshake loops at machine end) of which the correct
end must be connected to the PC and the other to the machine.
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To send information to this cable, Galaad must at least know which
communication port to use. Most CNCs receive ther instructions down a
serial RS-232 cable, direct or USB virtual, but not all. It is important to tell
the software to which port the RS-232 cable is connected. Usually the
machine is connected on COM1 or COM2 seria port. However, take care as
this is subject to seasonal variations and the whim of the installer. All
variations are found, but generally the tendency is to put the CNC on COML1.
If in doubt try this way first and if it does not work try putting it on COM2,
etc. If you have a USB-to-Serial converter, it can appear below in the list, for
example COM3, COM4, COMS5, or COMS6. It isup to you to try, and remember
that trying won't cause collateral damage to the computer nor installed
applications, even those already running.

You will notice that the dialogue box for configuring the machine
connection allows you to tinker with the baudrate of the connection. If you
have chosen an existing model from the list of known machines, it is best not
to meddle with it. Using a higher communication speed will not make your
CNC run any faster.

Possibly you have no machine connected to your PC. In this case, select
"No machine" as modd number and "None" as communication port. The
machine will be virtual but you can follow the logical machining process on
the screen all the same.

Validate this dialogue box by clicking on OK if you have changed
anything, otherwise still click OK just in case.

O Guided tour of the launch pad

Your board contains the wonders of your creative genius; the parameters
of your machine are correct; the launch window is clear and your seat belt is
fastened. There is no longer any reason to delay the launch. Authorisation for
ignition and blast off isfound in "Machine/ Mill". Houston, clear for lift off.

A minor digression, check that you have not forgotten to turn your
machine on. The age old adage "it might work better if you turned it on"
sometimes works miracles. Fortunately, polite machines are in the habit of
letting you know when they are powered up. If nothing isilluminated as such,
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then you have Galaad's permission to remove your seat belt and investigate.
Incidentally, certain commands also require the drives to be powered and the
safety coversto be closed so check these aswell.

In the meantime Galaad has collected a large amount of information and
displayed it in the dialogue box shown below. Don't panic and do fed free to
experiment, as you cannot do any harm, yet!

i Galaad / Milling oy [m]
Machining parameters | Advenced oplions | Worlpiece origin |
- Tooks - Passes
Seguence: | ¥ 1t pass, speed = [100 %
[of= [a el e[z alw I andpess,speed x| %
|H|?2|13|14|15‘15‘1?‘13‘15‘20
|21 |22|23|24|25‘25‘27‘23‘29‘30
[t [ [ [54 [= [ [ [ o [ nd e aver m
|41|42|43|44|45‘45‘4?‘43‘45‘50
Cut pass stock base : [01 mm
|5 FR-30 Fraise & rainurer @3 4 fiutes
- Fixed values
Tool ohange | Tool parking |
[~ Depth, at mm I~ Pass, st mmn
[~ Fesding speed, at minis I~ o driling cycles
- Design
®¥ scale 1 z[1 I~ Selected bjects oy
I~ Beain at red point
=Dm. [0 x[655 mm ™ Stop &t biue point
[~ %mimor  Rotats [0° i Active layer (#1)
 Selected layers
C Alllayers
I clearance height : [2 mm
[~ Optimised path
Zcontactmargin: [0 mm

[Version 3 - 14102105 Fro (- Parameters  [EL[#1 /amm BNz atsmm  [#7az [8:[auta [ [o25 mm

At this stage we are not going to examine all the options available in this
window. You will have already noticed that your design is aso displayed
here. The only machining parameter that interests us at the moment is the
tool sequence, which is displayed above the design.

If your design has objects that use several different tools, the
corresponding blocks in the tool matrix will be highlighted. In the absence of
any defined sequence the boxes are a uniform yellow and await your selection.
Simply click on the tools required in the order that you wish them to be used.
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When a tool is sdected for use it is circled in green and those yet to be
selected have a red cross through them. Once atool has finished itswork, it is
crossed out in yellow.

This notation is important. It is up to you to specify the sequence in
which tools are used and objects machined. In the absence of a user defined
sequence, indicated by all the boxes remaining yellow, the tools will be used
in numerical tool order.

A summary of the tool characteristics is shown below the tool selection
matrix. When the cursor passes over atool that has been used in your design,
its parameters are shown, whether or not it is selected for use. The rest of the
time it shows the characteristics of the first tool to be used.

It is possible that you have only used one tool. In this case, the tool
sequence cannot be used to control the order in which the objects will be
machined, so move on to the next phase. Mount the appropriate tool into the
spindle and click on the "Workpiece origin™ tab, or press [&).

O Workpieceorigin

The machining parameters page disappears and is replaced by the page for
setting the workpiece origin, which is also packed with control options.

A small message box appears from

nowhere, to remind you which cutter tool is (1) gt L
to be used in the process. Click on OK; you
have no choice.

Communication between your favourite software and your chosen CNC is
opened upon accepting the above message. This initialisation may take
several seconds depending on the machine and if it has just been rudey
awakened.

If thisinitialisation fails, a small message box will appear informing you
on the nature of the problem. Galaad will spend up to ten seconds trying to
initialise communications with the CNC, and in case of failure offersto retry.
But first of all attempt to establish why it did not work, using the following

Learningtomill — 3-41



GALAAD 3

check-list: Is it switched on? Is the cable connected correctly between the
computer and CNC? Are the machine parameters set correctly in Galaad?

Assuming that all iswell and communications are successfully established
with the CNC, confirmed by a small "beep", Galaad may warn you that it
needs to make the machine perform a short reference run so as to find the
zero point, and waits for you to press OK. Returning to the workpiece origin.

i Galaad / Milling oy [m]

Machining premeters | Advenced options  Warkpiesz orign |

- Commands - Move

@ M EI M M 4 4‘; (% Continuous

 10mm

1 mm

- Speeds

M0 mm

Y J 20 mmis
- 1400 mm
{
z J 10 mmés  [254 mm
— piece origin
_ Fosten e vl e

Drive to | hemorise | Restore |

Location on workpiece : Isnulh-wesl j ! |upper surface j

W @ Todlcentre U Tooledus (a 1.5 mm)

sloo oo - - START MACHINING )

[Version 3 - 14102105 Fro |- [Manual (B [#1 famm BNz atsmm  [#7az [8:[auta [ [o25 mm

It is now necessary to tell Galaad where to find the workpiece on the bed
of the machine. You can see it, certainly, but Galaad can't. It only knows the
dimensions and the toolpaths that it must follow. Therefore we must give it a
reference point (x,y,z) and tell it precisely where to find the workpiece in
relation to thispoint.

In fact, don't forget to mount the workpiece, but if you just want to have a
dummy run without breaking anything, that isfine.
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The process consists of driving the machine manually, one axis at a time,
until the cutter is situated at an edge or on the surface work, as explained
below. Use the buttons arranged in a circle, situated at the top right-hand side
of the control window, for X and Y motion, and the triangular buttons for Z
(up and down) movement. When you press a button, the movement is
continuous until the button is released. You can use the small arrow keys
on the keyboard, or even better, a joystick, to produce the same
movements.

Important: the right mouse button moves axes at slow speed (or the
key). Very helpful for finishing the workpiece origin approach on a given
axis.

If you need to make a movement of a fixed distance, use the radio-buttons
on the right-hand side to select the distance. The movement stops when you
release the button or when the distance has been covered.

In the preview window, a cursor with cross
hairs moves at the same time as the axes. If you
do not have a machine connected, it is the only
thing that moves. You can also set a position by
double clicking directly in the preview window.
The co-ordinates of the position will be shown by
the LED display immediately bel ow.

You can also enter a numerical position clicking on these LED displays,
or by pressing one of the X, Y or Z keys on the keyboard.

¥ BEOOE o Y HED.00 mm Z BEOOE o

However, the aim is more than
just to make the machine move along
its axes as, although Galaad may

always know where the cutter head e
Y \
\‘_

=N =+

is, it till has to be told where to find
on the machine flatbed the workpiece
that is going to be milled. - e X o+

Move the X and Y axes so that the spindle is positioned above the
workpiece, somewhere towards the middle. Then use the Z-down button to
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lower the cutter until it isasmall distance above the surface of the workpiece,
say 1 or 2 mm. Go dowly, cutters are expensive and accidents easily happen.
Next, use the right mouse button or select the radio button for 1/10" mm steps
and carefully lower the cutter to the position where it is just gently touching
the top surface of the workpiece, but not actually cutting into it.

You have now found the Z value of the workpiece origin. Click on the
green &  Z-ok J button to validate the Z position.

Wiorkpiece arigin The Z position is then uploaded to
Losmon: e[ 12 a2 z-[ez the workpiece origin box.

Now resdect continuous movement and lift the cutter a small amount,
then drive the cutter to the | eft side (west) of the workpiece.

When close to the edge reset the step size to /10" mm, or use
slow motion with the right mouse button, and carefully position the
cutter so that the point is directly above the edge of the workpiece. It
often helps to lower the cutter to improve accuracy.

—
If using a cylindrical or hemispherical cutter, it is easier to find
the edge of the workpiece with the side of the tool. Galaad knows the
diameter of the tool and can automatically correct the position.

In the latter case, don't forget to select the option "Tool edge” instead of
"Tool centre', situated just above the large yellow start button. Galaad needs
to know which method to usein order to make the correct adjustment.

You have now found the X value of the workpiece origin. Click on the
green (&  X-ok J button to confirm that this position is correct.

Finally, repeat the above operation but for the Y-axis, and using the south
edge of the workpiece, again confirming the position with the appropriate
button. With a conical cutter, it is possible to save time and find the X and Y
positions simultaneoudly at the south west corner of the work, then confirm
both positions simultaneoudly. It is possible to do all three axes together, but
it is recommended that the Z-axis is set towards the middle of the work
rather than at a corner, asit is more accurate.
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Without going into detail, note that you can alSo  |Lsesionon worgiecs: Forwest 3]
use several other positions on the board, besides the
south west, for the reference point. Simply tell
Galaad by sdlecting one from the combo box above
the yellow start button.

When you confirm the position of the workpiece origin, Galaad will then
know the co-ordinates and therefore the position of the origin, but it is ill
necessary to tell Galaad where thisis in relation to the workpiece, e.g. at the
south west corner. Generally either the south west or the north west corners
are used, but there may be times when another position would be more
appropriate. The important point is that the origin used when designing is
consistent with the origin set on the machine.

O Blast off

The workpiece origin has been set for all
three axes. Galaad now knows all that it needs to
know; namely where to find the origin and where
to find the material in relation to that point.
Fasten your seat belt, lift-off is imminent. Now
you can click on the big yellow button labelled
"Start Machining", the one you'’ ve been itching to
press for ages.

o The cutter is retracted if it is low, and
AN R P o Cnes 4 | ONE | aSt MeSSAgE Warns you that machining

Pecks : 2mm / Rotate : 8000 pm . . .
’ is about to start. Thisis your last chance to
]_cwee | chicken out.

Pressing OK starts the automatic machining process straight away. If
your spindle does not start automatically, now would be a good time to switch
it on and set the required rotation speed.

Immediately, the tool moves towards the starting point of the first object to
be machined, rapids down to just above the surface of the work, then reduces
speed and plunges in before making the horizontal moves. When this object is
finished the cutter is retracted to just above the surface then moves on to the
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next object where the process is repeated. By default the objects are machined
in the sequence in which they were drawn, but there are plenty of ways of
tinkering with the order.

i@ Galaad / Milling =10l x|

® Abs  Rel

[~ Stepped

Pause )
63% (B[ 1at pass (B[#1 72 mm B0 a1 mm |74 4 |20 mmis [EE[0.25 mm

3

Several small buttons at the bottom of the window alow you to override
the Z position or the feed speed in increments.

Toal #1 When the machining cycle is finished,

@ g et et Gal_af':ld stops the spi n_dle and returnsit to its park

position. The workpiece can then be removed

from itsfixings, unless there are other cutters yet
to be used.

Bedo |

Your piece is machined, and you now know how to do it.
You can return to the other parameters and advanced @
machining functions later. For now we have covered the
essential points of the process.
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O Current design

Before moving on to more elaborate creations, temporarily quit Galaad.
Click on the window close button or use the command "File/ Exit Galaad".
Galaad quickly shuts down, this software certainly knows who's in charge
here.

Now restart Galaad by double clicking on the icon on the desktop or from
the Start menu, by using "Start > Programs > Galaad". After using Galaad a
few times you will soon realise that when it startsit restoresitself to the same
wor kspace conditions that existed when it was last closed, with exactly the
same drawing on the board. Thisis a peculiarity of Galaad that alows it to
be closed without first asking you so save your current work. You can
therefore work on the same design many times before having to saveit.

Now file On the other hand, if you call for a new file
& Soailoealics esnacis or open an existing one, you will be given the

option of saving the current design first or risk
losing it forever.

If due to principle, habit, shared resources or some other reason you are
unhappy with the automatic save feature, you can disable it using the menu
function "Parameters / Workspace / Advanced”. The choice is yours, but
remember that it is activated by default when Galaad isfirst installed.

Note that both the automatic save on exit and timed backup during normal
work, set in "Parameters / Auto-save’, are stored as part of the working
environment and not in a named Galaad design file. If Galaad is shared
between several users (multiple session) then this saving should be directed to
anamed file to prevent conflictsin the working environment.

In addition, double clicking on a GAL file will automatically start Galaad
and load the file. However, if the "current design” has not yet been saved
Galaad will give you the opportunity to save this file before proceeding.
Therefore you can fearlessly double click on any GAL file that appears in
Windows Explorer. This is, without doubt, a very useful feature and well
worth mentioning.
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O Filesand folders

A complete ingtalation of Galaad, complete with all the examples, is
spread across several folders. Organising the folders in the directory tree on
your hard disk into a clear logical structure is a good way to ensure that your
fileswill be easily found in the future. Thisis preferable to smply saving your
files onto your hard disk, haphazardly, like throwing old clothes into a
drawer. Both Windows Explorer and Galaad provide tools to help you
organise file storage. When opening a file the dialogue box will also let you
delete and rename both files and folders at will.

As far as Galaad is concerned, it suggests that you save your designsin a
sub-folder, FILES, in the ingtallation folder, which already contains several
sub-folders of examples. Without doubt the best thing is to follow this lead,
also placing your design folders in this FILES sub-folder, that way they will
appear at the same tree level as installed samples. Thus, Galaad does not
impose any disk management model, the location of your folders and files
remains your choice. Galaad is polite and will always send the file selection
box into the last disk and directory location you used, to avoid spending time
climbing up and down the disk tree, beit local or distant. Memorising the last
default location remains valid for most file and libraries functions.

Galaad's "File / New folder" function prevents you from having to leave
Galaad to use Windows Explorer to create new folders.

You are asked to provide a
hame fOf the new fO'def ThIS Faent director,

will then be added into the list DHAGALDRIELYFILES

of available folders. You can New foider |

also, if you wish, choose a dif- B
ferent path for it.

There remains nothing more for you to do than to save your future designs
into this folder, whose name will now appear on the list of folders available.
You can create as many folder s as you wish, but be sure to arrange them into
some sort of logical order. Thisisonly atool. To delete afolder, use Windows
Explorer or the "Open” and "Save as..." dialogue boxes that will allow this to
be done by sdlecting the folder or file then pressing the key.
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Note: Windows NTFS and FAT32 file systems allow Galaad to use long
file names. This allows you to save your files with long names and with
characters that were previoudy prohibited by earlier versions of Windows and
DOS, so don't restrict yourself to old DOS filenames.
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This chapter is intended to introduce you to the subtleties of Galaad's
advanced drawing techniques. It is recommended that all users, even
experienced ones, read the chapter covering the basics before proceeding any
further asit contains several useful tips that are often overlooked.

O Numerical co-ordinates

An important feature when designing parts that are to be manufactured is
the ability to specify numerical positions and dimensions accurately. Y ou will
not have forgotten that pressing the key opens a dialogue box that allows
the position of the cursor to be set without being affected by the current
magnetic grid.

Small tip, by the way: You may enter any numerical value using a
mathematical expression, e.g. a chain of dimensions 12+31.2+4*6.35
written like this in its edit zone. Hence you do not need to search for
Windows' calculator and copy/paste your result in an edit zone. This subtle
facility applies to any numerical value you have to type. Please refer to the
chapter "Special functions' hereafter, for the syntax and the function
identifiers that Galaad maths formula analyser can understand.

Now imagine that we wish to construct a rectangle, 65.4 ? 32.1 mm, with
the south-west corner at (12.3, 45.6) mm. Thefirst point is easy, simply press
the key and type in the co-ordinates. The second point is dightly more
difficult as we need to calculate the co-ordinates of the corner diagonally
opposite by adding the dimensions to the co-ordinates of the point already
entered. Galaad provides access to the Windows calculator, but should do this
menial work for you.

This example of a ssimple rectangle was perhaps not a good choice as it is
possible to position the second point using relative dimensions in two ways.
Firstly by using polar co-ordinates and secondly by drawing the rectangle in
roughly the correct place, then selecting it and numerically modifying the
dimension of the selection frame. The effort remains minimal, but all the
same there is room for improvement and there is a better way. Try the
following: construct a rectangle by entering the first point whichever way you
like (with the mouse or numerically) then press the key to position the
second point.
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Instead of displaying a dialogue box for hk=iel
the co-ordinates of the second point, Galaad " —H
will have anticipated what you intended to do j:d :.. I:: U D
and provides a dialogue box to input the il —
rectangle size directly. Simply enter the width o |
and height of the rectangle.

Cancel |

Actually Galaad follows your work and attempts to anticipate your
requirements, frequently offering context sensitive responses. Consequently,
on constructing a rectangle, after entering the position of the first corner,
there is a strong probability that you would prefer to enter the actual
dimensions of the rectangle rather than the absolute co-ordinates of the
second point. Likewise, when constructing other shapes, such as a horizontal
line or a circle, Galaad will try to pop-up a dialogue box that looks
appropriate to the occasion.

However, if you till wish to enter the numerical position of the pointer
and nothing else, then simply use the £-](&=) combination which will pop-
up the ordinary dialogue box for a classical XY position.

O Partial constructions

Constructing a complex geometric figure usually requires several stages.
These stages are different in the case of a figure that is constructed
progressively, such as an dlipse. First the baseis defined and then the form is
added to produce the final result.

It may be that you need to interrupt the construction process before the
final stages, quite simply because the shape that you are constructing only
requires the basic part of the icon’s full function. Take, for example, an open
eliptical arc starting from a centre point, which has four distinct stages and
requires the following data: firstly the centre point; secondly the major and
minor Cartesian radii (X and Y); thirdly, the starting angular point of the arc
and fourthly the angular end point of the arc. The result should look like an
eliptical arc.
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Now imagine that you wish to construct a centred full
ellipse (i.e. completely closed). Thereis not a design icon
specifically for this simpler construction, so steps 3 and 4
of the above process will have to be skipped. Consequently
we need to interrupt the construction without losing what
has already been drawn and without aborting the whole
process.

Furthermore, certain design functionsin Galaad are repetitive and have no
definite last stage. The simplest example is a polyline, which requires a start
point then an indefinite series of additional points. It is up to you to decide
which point will be the last. When each new point is clicked, the software
adds it to the polyline and awaits the next point, until you decide to indicate
the final point by clicking with the right mouse button. There are other
repetitive figures that follow this pattern, such as Beta-Splines (which have a
maximum number of 256 nodes) and Bézier curves which have no such limits
on their nodes.

Remember then that entering the last point of any "repetitive’ cons-
truction is simply a case of clicking with the right mouse button.

This is also true for shapes drawn using a "progressive’ construction
technique. If you wish to stop drawing a given construction before its last
stage, use the right mouse button asin the following example.

In the case of a closed dlipseit is simply a question
of fixing the X and Y radii with the right mouse button,
which terminates the construction process there. Note
that the start and end points will be at the standard
trigonometric zero position, i.e. at 3 o'clock.

It is also possible to stop the process one step further
on which will allow the start and end points to set at
any angle required.

The construction of other shapes also works in a similar fashion, for
example, a star (before defining the internal circle), radii (before the internal
circleand angular spacing) or aspiral (beforethe internal circle).
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In any case, please remember that you can end the construction of a shape
at anytime, without losing what has already been drawn, simply by clicking
with the right mouse button to indicate the last stage.

O Editing object geometry

Nobody is perfect and sooner or later you will find that you will need to
modify a design without starting from scratch. A typical example is a Bézier
curve where the positioning of a node has an effect on the previous one and
depends on the distance between them. Almost certainly there will be times
when the result is not quite what you had imagined and you will wish to make
adjustments to obtain the desired shape.

Four types of object retain the ability to be edited geometrically: arcs (of
circles or elipses), Beta-Splines, Quadra-Splines and Bézier curves. The
last three ill show their nodes after being constructed and can be edited
immediately, however, this does not mean that they cannot also be edited at a
later date. Arcs do not show these straight after construction, but can
nevertheless be edited later on.

Construct an arc or an dlipse, either open or closed,
using the appropriate design icon of your choice. Then
press either the key or sdlect the object to leave the
design mode. Now click inside the shape with the right
mouse button and a special edit frame will appear around I
the object. e

Note that the mouse double-click does the same if the object below the
mouse is alone. Y ou can then modify the shape by moving the red blocks, this
allows the centre, radii, start and end points to be edited. Alternatively, you
can press the key to open a dialogue box and access the parameters
numerically. When you are finished select another object or smply press the
good old key.

Note, that in the case of Beta-Splines you can vary the "attraction” of any
node by simply pressing the (+] or (=) keys. Use the key to move between
them.
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For other objects, that are not editable in this way, clicking with the right
mouse button will select a segment or a point. See the specific paragraph on
this feature.

O Locking objects

This old but nonetheless useful function allows objects to remain visible
without being selected and hence not changed in any way. Simply select an
object - onelast time - and click on the locking icon, shown bel ow.

Once locked, an object cannot be selected, nor can any part of
its composition.

This is particularly useful when you wish to work on a group of objects
without affecting others that are within the same area. The locked objects
remain visible (displayed in pink) and will be machined in the normal way,
but cannot be selected. Note that there is a keyboard shortcut that uses the
combination of the (] and keys (you will need to reset the Caps L ock).

To unlock objects it is necessary to use the menu command "Edit /
Unlock" and either unlock all of them or simply select them with the mouse.
You can also reuse the same locking icon if no object is currently selected,
Galaad should understand that you want to unlock something instead.

O Associating objects

Ancther classic selection feature is the ability to group some of the objects
together then treat them as though they were a single entity. One for all and
all for one.

This function can be found, quite logically, amongst the other
selection icons.
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Draw several objects and sdect them all, then click on this icon.
Henceforth, they will act as a single object and selecting any aobject of the
group will also select all the others. Note that text blocks use a different
system in order to maintain character spacing. However, text blocks can be
associated with other text blocks and also non-text objects.

To break the association it is necessary to use the menu command "Edit /
Ungroup" which provides a range of self-explanatory methods. If no object is
currently selected, the association icon switches to the reverse operation and
lets you point to the targets. Finally if all selected objects are aready
associated, then clicking on the icon breaks the whole community.

O Protecting objects

It can sometimes be useful to provide an object with a limited degree of
protection, to avoid leaving it alone on the torture table but still keeping it
available for selection and position.

The protection function, with its little shield, allows only limited
operations to be performed.

This feature prevents an object from being deleted or subject to any
manipulation other than being moved or re-scaled, neither of which actually
change the basic shape. Galaad considers that these operations do not alter the
actual geometry of the path and therefore allows them. On the other hand, the
path can neither be cut, incised, reshaped, nor have additional segments
welded to it.

To unprotect an object use the menu command "Edit / Unprotect” or click
once more on the icon. Note that protected items can be identified on the
board with a small shield located near to their start point, by using the menu
command " Display / Trace/ Protection".
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O Anchoring objects

Inevitably there will be times when, in order to position them, it is not
very convenient to create a group of associated objects. Conversely there may
be times when you wish to fix an object to an absolute position even though it
bel ongs to a group and the others are to be moved.

Consequently, Galaad provides two adaptable methods for this.
i The absolute position of an object on the board can be fixed or
alternatively, the position of an object relative to other objects can
be fixed, without creating an association.

3

ra =
L

&

Lammm

The absolute anchoring of an object freezes its position and prevents any
further attempts to move it. Draw two objects and anchor onein position, then
select both objects and move them both. Still selected, the anchored one will
not want to move; thisis very irritating.

Anchoring objects relative to each other is less restrictive. The position of
each object can be changed, but moving one object will result in all objects
anchored to it being moved by an equal amount. Draw three objects, select
them and anchor them relatively to each other. Now select only one of them
and move it, the others will also move by the same amount, even though they
were not selected.

As wadl asits practical use for positioning a group of objects, the relative
anchoring function has some interesting side effects that will be of interest
later on, when we look at the selection and manipulation of points and
segments.

To release anchored objects it is once again necessary to use the menu,
thistime "Edit / Free anchors'. As with protected objects, objects anchored in
position can also be identified, this time with a small anchor, by using the
menu command "Display / Trace/ Position anchors . The corresponding icon
can also be used for releasing anchored objects, if none are currently selected.
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O Selecting and handling points

We have seen how to sdect and handle objects. Whilst this type of
selection is fundamental for using Galaad, it is not the only one. Several
congtruction and manipulation functions require that one or two points be
selected, so that the position can be reused as a given reference.

Galaad has three distinct selection methods for objects, points and for
segments. Then for each of these three there are two possibilities, seection in
red, which is the main method, with selection in blue as an alternative,
therefore giving a total of six posshilities, each with a different purpose.
What is more, as several of these selections may be present simultaneoudly,
Galaad shows the "focus’ on only one of them at any onetime.

byl

On the other hand, objects selected in blue can never have the focus as
they cannot be manipulated in any way and only serve as a reference for other
functions, but points and segments selected in blue can have the focus.
Returning to point selection, they help to draw, locate accurately and even
modify trajectories.

This "focus' takes the form of a
contour in the selection frame. Note
that objects sdlected in red have
priority and always have the focus.
Shifting the focus to another selection
or returning to the design mode
deselects the object.

| Both the red and blue point selection icons can be found in the
- group of selection icons. Let us start with the red one.

A straightforward example is to draw a simple polygon or a rectangle.
Click on the icon shown above then on one of the vertices of your shape. For
it to work, the tip of the arrow (cursor) needs to be very close to your chosen
vertex. If all goes well, there should now be a red spot on the vertex with a
ring around it showing that it has been selected and has the focus.

Useful shortcut: instead of using the selection icon, simply click directly
on the vertex with the right mouse button. If the key is held down
during this operation the point will be sdlected in blue instead of red. As
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described earlier, clicking on arcs and curves with the right mouse button
allows their geometric features to be edited. It is therefore necessary to press
the () key smultaneously in order to sdlect a red point on one of these
figures ((ctrl) still being necessary to select a blue point).

How to use a selected point. Select ared point and click on it with the left
mouse button and whilst keeping it held down, drag it to a new position then
release the mouse button. The whole object will aso follow to this new
position. Now try the same thing but with the right mouse button, this time
only the point itself is moved, the rest of the object is unaffected.

As you would expect by now these operations can also be performed from
the keyboard. The now familiar key opens a dialogue box designed
specifically for positioning the selected point, alone or the with the entire
object, this is equivalent to using the right and left mouse buttons. The usual
keys allow the whole object to be moved along with the point and
simultaneously pressing the (-] key resultsin only the point being moved.

If a point is selected in red, then pressing the key will cause the
selection to move on to the next point in the object or the connected objects. If
the (] is pressed ssimultaneoudly the direction of travel will be reversed.
Using the key moves immediately to the end point and [<-)(Ctr] to the
dtart point.

Next feature: with a point selected in red, press the key. This will
simply delete that point and thus change the shape of the object. The
selection then moves to the preceding point if one exists. This function may
help you practice some surgical strikes on objects.

Slightly more difficult, draw two simple straight lines with an extremity of
one at, or very near, an extremity of the other. They are distinct objects that
can be sdlected individually. Now select a red point at the ends where they
meet and use the command "Design / Object / Weld " from the menu. Galaad
will join the two objects at the red point to form a new single object, try
selecting one of the original ones. The operation can be reversed by using the
menu command "Design / Object / Split" which will aso work on the
intermediate vertices of any polygon. You have two objects again. It goes
without saying that only end points can be welded together and only
intermediate points can be split. Please note that certain objects cannot be
joined in this way and that it is only possible to weld objects that have the
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same properties, e.g. an arc and a polygon. However, dissimilar objects can be
connected using other methods as will be seen later.

Note that the point selected in red maintains its position and becomes the
common point for the new object, this is most apparent in the case where the
two original points had different depths and where one point has to change its
depth. What's more, should they have different machining speeds the new
object also takes its speed from the object that contained the red point. When
objects are split both the position and speed values return exactly as they were
prior to being split.

Now let us consider the blue points. Once again,
draw a ssimple polygon or a rectangle, and place both a
red and a blue point anywhere on it but of course on
different vertices. Now move the blue point with the
mouse. You will notice that the red point remains
fixed, the object rotates around it and is also scaled
relativetoit.

Without the presence of the red point to act as the
anchor point the blue point cannot be moved.

Very important: the effects of the blue point are much greater than at first
sight. Select a blue point on another object and move it. Although the red
point is on a different object, it still acts as the pivot point. What is more, if
the blue point is placed on an object within a group of objects that are
anchored together, all those objects will pivot at the same time. This can
help when making fine adjustments.

Apart from being able to snap to, or numerically position, a blue point,
thereis not much else you can do with one except delete it.
&
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O Selecting and handling segments

In the same way as with points, individual segments can also be selected
and have their own special functions, notably for the construction of new lines
based upon them (paralld, perpendicular, etc.). Selected segments are always
orientated, that is to say they have a direction, indicated by a start point and
an arrow head, which helps when entering details numerically. Important
note the direction of such a selected segment is independent of the
toolpath of which it forms part.

/ As usual, look in the yellow selection icons to find the segment
B | sdectionicons.

Aswith points, segments can be selected by clicking with the right mouse
button, but this time aiming for the segment away from a vertex. If the
segment is particularly small, smply zoom in a bit. The other features also
apply, i.e. using the key to select a blue segment and the (<] key triggers
the selection of segments on objects sensitive to the right button. In fact the
only difference between selecting points and segments is where you aim. If
you are aiming at a point then that is what you will get, otherwise it will be a
segment. All accessories are the same.

As you might have expected, the key moves between segmentsin a
forward direction and the addition of the (<] key reverses the direction.
Adding the key moves directly to the start or end segments.

Click on one of the extremities of a red segment with the | eft
mouse button, keep it pressed down then move it. The segment
can be enlarged or reduced, but only along its axis, without
affecting the rest of the object. Both ends of a segment can be
manipulated in the same way.

Now do the same thing with the right mouse button. This
time the segment can be rotated round its other end without
changing its length. Combining the use of both mouse buttons
effectively allows you to change the polar co-ordinates of a
segment.
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Segments selected in red are used by many of the design icons, notably
when constructing lines, parales, perpendiculars, intersections and others,
but when it comes to manipulation and adjustments, segments selected in blue
are much more powerful. Now sdlect a segment in blue from a polygon in
your design.

As you can see on the screen, and unlike with a red segment the whole
object is either scaled or rotated around a point when the extremities of a
blue segment are dragged with the mouse, left or right button keeping the
same functions as for handling the red segment, i.e. rotating and stretching.
This may also help you to scale and adjust objects according to a basic pair of
co-ordinates.

Moreover, if other objects are anchored to the one
containing the blue segment being manipulated, then they are
all resized and rotated together, as with blue points. This can
help rotate objects around a pre-set point. Anchor all of the
objects together and to a segment created specifically for the
operation. Select this segment in blue and rotate it
accordingly. Numerical dimensioning using the key is
essential for an accurate result.
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O Moving groups of points

This unique little icon from the selection series is well worth a
passing mention.

Thisicon allows you to select part(s)
of one or several objects so their
appearance can be changed without

® = B modifying the points one at atime.
"

Firg, it is necessary to define a
selection zone and all points within it,
no matter what object they belong to,
will be sedlected and can then be moved
or scaled, repositioned or stretched
independent of the rest of the design.

Except moving and framing, no operations can be performed on groups of
points. It is not possible to globally delete points that are selected in a group.
Specia effects are not available either.

O Duplication and cloning

Duplication is avital feature of design software. Obvioudly, using the copy
and paste feature will alow a degree of redesigning. However, a special
function is required if multiple copies are to be placed at regular intervals.
Galaad 3 also introduces a new feature, virtual duplication, intended to save
both time and memory usage.

Start as usual by drawing an object. If you copy the object and paste the
copy back onto the board, it will then contain two completely independent
copies of that object. Modifying the original has absolutely no effect on the
copy and vice versa.

Once again select the object, (or the copy if you prefer) and apply the

function "Edit / Duplicate/ Add one virtual copy" from the menu. Galaad will
display a selection frame for the copy, to allow you to position it accurately (of
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course the key remains available as usual). When you have placed this
copy, try selecting it. Asit does not actually exist, it isimpossible to select it,
only its image is visible, however, it can still be machined. Don't worry
about it, just because it is virtua it still retains the machining parameters of
the original.

Next select the original object and move it, the
copy also moves by the same amount. Modify the
shape of the original using any function you like,
(there are plenty to try), and the copy takes on the
same shape. If you select a point on the original and
either move or delete it the copy is aso changed
accordingly.

In fact, most duplications in Galaad are virtual by default. Also when you
place a series of copies at regular intervals, the copies are all virtual copies
and will therefore be modified at the same time as the original. Thisis most
useful when modifications have to be made, as only the original needs
changing and all the copieswill follow suit.

Having said that, copies do not have to be virtual copies and if you wish,
independent copies can be produced. The dialogue box for duplication gives
you both options. What is more, you can make virtual copies real so that they
become independent objects. The "Edit / Duplicate" menu contains al the
necessary functions to undertake this, but remember that the reverse processis
not possible, real copies cannot be made virtual so you must decide in
advance.

Wewill not dwell on the simple duplication methods, (in line, in a matrix,
in a circle or special) which can easily be understood by trying them, but
instead move on to the more advanced features.

Mirror duplication makes a copy of the selected object
about a variety of axes of symmetry, leaving the original
object in place. It is even possible to make the duplication
about a red point or ared cross.

As the process produces an inverted copy it cannot be
virtual.
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Duplicating along a blue trace places multiple copies of
an object selected in red, along the length of a trace selected
in blue. Optionally, they can be orientated to lie on the
tangent of the trace, but in this case the copies will not be

o identical because they will have rotated so cannot be virtual,
O therefore real objects will be produced.

A duplicate trace between points takes the portion of an
object located between a red and a blue point and makes a
single copy of it. Obvioudy the points must lie on the same
object or path.

Cloning is a less sophisticated function than
duplication that simply produces a single, virtua
copy of the selected object, mirrored in one of the
four quadrants. This can help in constructing
perfectly symmetrical shapes without having to
specifically design the other half. It goes without
saying that the clone is machined in the same way as
the original and inherits the same machining
parameters.

An object clone is always stuck to one Cartesian border, and cannot be
moved any further, which may limit the interest of such a function. You
should weigh up the advantages and disadvantages against those of the mirror
duplication, which does not impose such immediate neighbourhood but on the
other hand makes a real and consequently independent copy. Mirror dupli-
cation or cloning, it is up to you to choose the right function.
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O Rapid data palettes

When creating a complex design, it soon becomes difficult to manage the
machining parameters, object by object, using the green icon to access them
one at atime. Therefore Galaad provides a shortcut for this. This function is
very important.

Draw several objects on the board using a variety of depths, feed speeds
and cutters so that they are all different. Now use the menu command
"Display / Data Palette / Machining depths'.

| Depths | 025mm | 06mm | 1 mm | | |

A small horizontal line of data blocks will have been added to the display
between the board and the speed buttons. This shows all the machining
depths that you have used with the current default being highlighted by a
green border. When you select an object its depth is highlighted with a red
border. Now click on another depth shown in the data pal ette and the depth of
selected object will be set to this new value without having to go via the
dialogue box. With two clicks of the mouse you can change any depth to any
other depth currently used in the design. This feature also works with feed
speeds and cutters.

Even better, click on one of the blocks within the data palette with the
right mouse button and keep it pressed. Only objects with that depth remain
visble. Double clicking with the right mouse button sdects all these
objects.

To skip from one palette to another, click on the left block that displays
the palette type (tools, depths, etc.) with the left mouse button for next type
and the right mouse button for previous type.

Note that Galaad can display a maximum of ten palette blocks, possibly
only six if your vital space is reduced. On the same lines, only one palette can
be displayed at atime.
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O Keyboard shortcuts

We recommend you to print this list out and keep it close to your work
station. Not al key combinations may be of use to you, but the main ones
most certainly will be.

Default:

- &)/ ®) (or b / =) zooms in around the cursor.

- opens a position dialogue box.

- [£+](&=) opensthe dialogue box for depth / feed speed / cutter.

- (or (End)) interrupts the current operation or deselects.

- [&-](Esc) desdlects all: objects, points, segments, blue or red.

- (backspace) undoes the last operation, including pointing.
- redoes the last operation (except pointing).

- moves the cursor or selection by one step of the grid.
- moves the zoomed view.

- [#) / (5] setsthe magnetic grid size 10 times smaller / larger.

- (] setsthe magnetic grid size to automatic (ruler divisions).

- (tab) skipsthe selection to the next object, point or segment.
- &) moves from the current selection to the previous one.

- refreshes the display.

- + quad view or 3-D view icon shows arotating 3-D view.
- pullsthe alarm. Abusers will be fined.

Design mode (cross hair cursor visible):

- [£+](&=) opens apolar position dialogue box.

- snaps to the small red paint.

- (backspace) cancels the last pointing.

- when pointing aline, applies the polar magnetic grid.

With selected objects:

- &) + mouse sdlect adds to selection.

- sdlect all.

- / (e ] (-] increases/ decreases the depth (0.01 mm by default).

- / sends the object to thefirst / last place in the sequence.
- &)@ ) locks the selected object

- QM) inverts the selected object.

- [4) inverts the selected object about the X/Y bisector.

- [J/ &) sdlectsin red the object’s start point / segment.
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With selected points:

- )©HME) moves only the selected point.

- / (et ] (-] increases/ decreases the depth (0.1 mm by default).
- sdectsthe last point.

- ()€ )E5) sdlectsthefirst point.

- deletes the point.

- [.) sdlects the whole object.

- [2]) sdlects the segment starting from this point.

With selected segments:

- sdlects the last segment.

- ()€ )E5) selects the first segment.

- deletes the segment.

- [-) sdlects the start point of the segment.
- [1) selectsthe entire object.

When editing arcs:
- )/ [#) Setsthe direction as clockwise / counter-clockwise.

When editing a Beta-Spline:

- [+) / (=) increases / decreases the attractive pull of a node.
- deletes the node.

- (Ins ] inserts anode.

When editing a Bézier curve:

- ] + movement of a control point breaks the tangent at the node.
- + movement of a control point locks the angle of the tangent.
- deletes a node.

- (Ins ] inserts anode.

- [4] cutsthe curvein two at the highlighted node.

When setting the rotation or inclination of an object:
- / (-)J) increases / decreases by one degree.

NB! Function keys F1 to F12, alone or combined with [Ctrl ), can be easily
customised and directly associated to menu commands using "Parameters/
Function keys'.
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O Display functions

A screen filled with objects can be very disconcerting, when all of them
have different and hidden machining characteristics, and having to select
each object in turn to display its depth, feed speed, tool etc. soon becomes very
tedious. Galaad provides alternative ways of displaying this data.

As you may have aready noticed, the "Display” menu is hardly the
smallest around and consists of numerous commands buried in an array of
sub-menus. A selection of the most commonly used featuresis detailed bel ow.

The trace functions change the appearance of drawn objects. This allows
you to make all trajectory points visible, or just limit it to the points on a
tool path where objects are connected. In addition, a small numerical identifier
can be displayed at the start point of each object, showing the depth, cutter
number, feed speed, etc., as shown below.

0.23 For example, you may want to display the depth of an
object at its starting point or all the variations along the
trajectory. The same applies to the feed speed, the cutter and
the machining sequence number of each object.

In addition you can use colour to highlight differences instead of just
having a single colour. Each cutter can have a colour assigned to it and
Galaad can be set to show objects in the colour corresponding to their cutters.
Alternatively Galaad can highlight all objects using the current default
machining parameters (whether this be the cutter, the depth or the feed
speed). In this case, there will only be two distinct colours on the board. For
example, if the display colour is set to "Default tool" then all objects on the
active layer that use the current default cutter will be displayed in black with
al other objects displayed in grey. A black background produces a clearer
distinction as the main traces are then shown in green. Y ou can assign a fixed
colour to any object once and for all. In any case, keep in mind that this has
very littleinterest for actua millings.

Please also note that selected objects are always displayed in red (or blue),
locked objects in pink, visual (not machined) objects in grey, and tool
compensated paths in dark green. This will remain unchanged unless you
mess with "Parameters/ Colours’.
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O Tool parameters

Galaad uses atodl library containing up to 50 different cutters. Filling this
library is one of the first jobs that should be done after the software has
been ingtalled. The number and type of cutters will depend on how you
intend using your machine, start by filling it with the cutters that you wish to
use right now and simply leave the rest empty until you wish to add more
tools. What isimportant is that the tools you actually mount below the spindle
of your machine correspond exactly to those you enter into Galaad's tool
library.

A reliable old method is to lay out your tools in a humbered rack and
ensure that the numbers correspond to those in Galaad's tool library. In this
way, you can rapidly find the references for each tool used and also quickly
lay your hands on the cutter that Galaad asks you to load. Having said that,
you can also add the name of your choice to each cutter, this will be displayed
beside the cutter number. Note that in the library, a tool number can be left
unused, even between two assigned numbers. Tool numbers are simply
identifier s and have no numerical meaning, except for in a sorted listing.

Tool library management relies on two separate commands:

Toals The first one, acces
~ Available and used tools sble from "Machlne /
M1 Oz O3 O¢ Os Os O7 Os8 O9 Ow ) ,

O Otz Oz O O1s O 017 O1e 018 Oz Tool library”, opens a
Oz 020202025 0% Oz Oz O O passve window that
O Ox 0301 0% 0% 0 O 03304 shows which tools have
OnOz0s0«050%« 070« 0905 [ o been defined and which

 Tisslotiar tools are actually used in

Name: FR-10 basic slob cutter q 1

Diameter: 1 mm Profile . cylindrical, 4 flutes Parameters the Currmt dw gn DIS—

Maximurn depth : 2 mm Active machining: 0 /0 mm pl ayaj Val u% are rwd'
only.

This window provides an overview of the tool library, with the tools that
will be used for the current workpiece indicated by atick. Simply click on any
tool number to display a summary of the tool parameters. Access to both
viewing and editing the full detailsis via the "Parameters’ button. Please note
that Galaad allows the use of a tool that has not been defined, but in this
case it will not be possible to calculate any contouring tool paths or automatic
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feed speeds, and it will be up to you to decide what to mount below the
spindle at the time of machining.

The second command for managing tools gives access to tool definitions.
A given tool is defined when at least its two main parameters have been set,
namely diameter and profile. This is sufficient for Galaad to calculate the
correct compensated toolpath and approach from the workpiece origin, but
this should not prevent you from entering a full description of other physical
properties of a cutter.

Tool parameters x|

i Identification

The alternate and faster way

to access the details of individual
cutters is via the menu command
"Parameters / Tools'. This pops
up a dialogue box, which allows
al 50 tools in the library to be
defined one by one simply by

Tool number |1 3: Colour

Mame: [FR-10 basic siot culter

‘ Rubout I Delste <<| Insert > | Delete all |

- Specifications

Diameter : lW_ mm E»Q«V"bk:&:u"

Prafile : | cylindrical | > Angle I 2 7!“
\
He

tinimum diameter at battom of cone mm

Mumber of flutes IG Riotation: |4000 pm
Mazimum depth per pass : [2 m i—_U_—Q

= Diilling cycles

Prelirinary platting l_ mm > Speed: l— mmds
Plunge speed: [60 = % of feed speed, orlockedto [ mmés
Deburring . depth l— i

Chip-breaking : depth l— mm  retract l— mim

~ Statistics

Actual machining time : [ 24:59:78 5

scrolling  through the "Tool
number", which can be found in
the top left-hand corner of the
window. When you are happy
with the changes and new tool
definitions, click on OK which
validates all changes including
masked ones, otherwise click on
Cance to retain the previous
Settings.

Total distance : 460 225 mm
Number of plunges : |5 682

Note: sdlecting a tool to modify its parameters will neither change the
default tool nor the tool used by any selected objects. The tool library is
completely independent of any design. The cut depth and feed speed largely
depend upon the physical characteristics of thetool (aswell as the hardness of
the material to be cut).

When Galaad is ingtalled, a tool library comprising only one pre-defined
cutter exists. It islikely that your personal collection of cutters will have much
more. Simply change the parameters of this tool and create the others. To
avoid cluttering up thelist, you may delete previoudy created tools that are no
longer of any use to you, by clicking on the "Rubout™ button to leave that tool
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number empty. Alternatively, if you would like to compact the tool library by
moving all of the tools down by one position click on "Del. <<", or on
"Ins. >>" to insert atool in the middle of the list. The last button "Delete all”
clears al the following tool humbers in the library after the current one (not
included).

Each cutter can also be given a name and a colour, which is only
displayed if the mode "Display / Colours / Tool dependant” is selected. The
name of the tool appears in the list and is displayed in the message before
setting a workpiece origin. This has no other function than to remind you
which tool this number correspondsto.

The key parameter of any toal is the diameter and leaving it blank tells
Galaad that the tool is not yet defined, consequently there is no point in
entering any of the other information asit will not be stored in the tool library
until a diameter is entered. It isimportant to be as accurate as possible with
this figure, which should be measured over the largest diameter of the active
cutting part of the tool. If the tool is not cylindrical, for example with a
conical engraving cutter or a 3-D hemispherical cutter, thisis frequently the
same as the shank diameter. For a cutter with a special profile, e.g. a surface
mill in reversed "T" or a pyramid tool, the right value will be the maximum
active diameter.

The profile of a cutter, linked with its diameter, determines how the width
of the cut will vary with depth. Profile families are: cylindrical (drilling,
boring, cutting, flat milling), conical (engraving or chamfered cutting),
hemispherical (3-D milling ball-end), pyramidal (reversed conical cutter for
surfacing), and arcade (conical tool with fillet borders). With a cylindrical
tool the width is constant, irrespective of the depth, but with a conical or
hemispherical cutter the width will get wider as the cut depth increases, up to
the maximum diameter that the tool can cut.

With a conical tool it is necessary to accurately specify the |
point angle. Thisangleisthe full included angle, measur ed from I
side to side and not the half angle from the centre line. If the two T
sides are unequal, measure the largest half angle, then double it as
when the tool rotates about itsaxisit will describe a cone swept out
by the largest side.
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The automatic calculation of feed speeds is also based on the number of
teeth and the speed of rotation of the cutter, as parameters of secondary
importance. It is true that feed speeds are supposed to be based on these two
factors when cutting metallic components. But the fine tools used in
engraving or for cutting softer material are very fragile and demand that other
factors are of primary importance, namely the tool diameter, profile and cut
depth. Galaad takes this approach in its calculations. The spindle speed is
displayed immediately before machining, and controlled directly from the
software where this is possible, i.e. if a remote speed control is available and
of course correctly parametered from Galaad. See CNC parameters, spindle
section, for more details.

The main parameter that prevents expensive cutters being broken is the
maximum depth per pass, which defines the deepest cut that the tool can
make in any one pass. In the case of a cylindrical cutter, the theoretical depth
is equal to the length of the cutting (fluted) part, but that supposes that the
tool is solid. It is preferable to stick to something a little closer to twice the
diameter of the tool to prevent unwelcome surprises and assorted expletives. If
the tool is conical (engraving javelin) or hemispherical (3-D ball-end), its
maximum depth is simply the height of the cone or the radius of the
hemispher e, assuming that the teeth extend that far.

NB! The maximum cut depth per pass also depends on several other
factors, not least the resistance offered by the material. In addition, it goes
without saying that a new carbide tool will have a much better performance
than an otherwise identical, but well used, HSS tool. The unsupported length
of the cutter, (i.e. that protruding below the collet), must be taken into
account. The longer the length, the dower it should cut to prevent excessive
deflection and a broken cutter. Then thereis vibration, directly proportional to
the spindle speed, it can be detrimental to the quality of the finish and fatal to
the cutter. Clearly the less cut depth, the less work the tool hasto do removing
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material and the less resistance it will fed. Galaad takes this into account
when calculating feed speeds.

Note that Galaad manages increasing depth passes and avoids passing
twice in deep paths that have been already milled during a previous pass. In
the case of 3-D paths, the tool then only does the active part of the trajectory
for the current pass, this also applies for the ending lift-up point. So there no
time is wasted with a tool passing several timesin the same final path.

Just below half way down the dialogue box is a section which contains
several parameters applicable to vertical motion only i.e. when a tool is
plunging or drilling into the material. It also covers clearances for drilling
cycles used for clearing material out of deep holes.

The first parameter, the preliminary plotting, forces the toal to drill the
material for a small depth that you can indicate here, with the corresponding
speed. Obvioudly, the operation is performed only if the path depth is greater
than the plotting depth. This function is useful only with certain tools and
very hard materials.

Next Galaad allows the plunge speed, speed at which the tool cuts
vertically into the material, to be set independently from the horizontal or 3-D
feed speed given to each object. This speed is linked to the characteristics of
the cutter itself and can be set at a fixed value once and for all. Whatever its
design, an engraving cutter does not drill aswell as a proper drill bit.

In essence the machining process follows this sequence: the tool moves
horizontally at a safe height above the workpiece and at a rapid speed, V1, to
a position immediately above the start point of the first object to be machined.
It then moves down at a rapid speed, V2, to just above the surface of the work
before plotting at a very dow speed, V3, and entering the material at the
plunge speed, V4. The part is then machined (2-D or 3-D trajectory) at the
feed speed, V5, and finally the tool is retracted vertically at a rapid speed, V6,
to a point above the workpiece. The speeds V1, V2 and V6 are not related to
the workpiece, but depend on the performance of the machine, hence these
parameters can be found in machine parameters. The feed speed, V5, of
each object is determined when it is constructed and the plotting and plunge
speeds, V3 & V4, are set asdiscussed in this chapter.
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Neverthe ess the plunge speed can also be set in the other traditional way,
namely as a per centage of an object's feed speed. In this case you just have
to indicate this ratio in the corresponding edit zone, in percentage of feed
speeds. The two methods are mutually exclusive therefore entering a
percentage value will delete an absolute value and vice versa. At the end of
the day the choice is entirely yours and is likely to be influenced by the type of
work that you undertake. Note that it is only possible to have automatic
plunge speed if the feed speed is set to auto and the plunge speed set to a
percentage of the feed speed.

The deburring cycle is a classic drilling operation, which repetitively
retracts the drill out of the hole after it has cut a predetermined amount, and
returns it back to the depth it has just reached ready to take the next cut. This
cycle is repeated until the required final depth isreached. The purpose of this
operation isto prevent a build up of swarf, which can have detrimental effects
and is particularly important with deep holes at very accurate diameters.
Obvioudly, this also depends on the material.

Ancther very similar routine is the chip-breaking cycle; the difference
being that the drill is only retracted by a very small amount and is not lifted
completely clear of the hole. The purpose of this is to break up the long
spirals of swarf produced by certain materials, into shorter lengths that will be
thrown clear.

Finally bottom area of the dialogue box shows some basic statistics about
the use of each cutter. These are simply for information purposes, Galaad
does not sound an alarm if some sort of limit is reached. Each tool has a life
cycle that depends on how it is used and on its physical characteristics. This
information is to help you monitor the life cycle, but ultimately you are the
onein control.
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O Tool compensation

When you construct an object with Galaad, the drawing is supposed to be
an accurate representation in space of the cutter path. It may accurately
represent the path followed by the point of the tool (or the central axis at its
lowest extremity), but not necessarily the actual finished part. Let uslook at a
suitable example:

Construct a simple five-point star, remembering
that Galaad has an icon specifically designed for this
purpose. Imagine that you now wish to cut out this
star accurately from a thin sheet material, so you set
the cut depth to the thickness of the material and
select the best cutter for the milling process. Then you
are ready to start cutting. Or are you?

The drawing represents the actual path taken by
the centreline of the tool, and the tool does not have
an infinitely small diameter, so the finished result will
be a hit smaler than it was actually drawn. The
difference is half the diameter of the cutter used and
as we wanted the star to have precise dimensions the
result can be scrapped.

ﬂ In fact, the toolpath must pass to one side of the

path drawn, on the outside if you want the star itsalf,
or on the insde if you want the star shaped hole
cutting in the material. The cutter path must therefore
be modified accordingly and moved by half the
diameter of thetool. Thisis called tool compensation
and thankfully, Galaad does it for you.

Select your star and find the menu command "Machine / Tool
Compensation / Define toolpath” which opens the inevitable dial ogue box and
provides the necessary controls.

This function aso has a handy shortcut that can be found in the
command icon bars at the top of the screen. At
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Tool compensation
— Toolpath — - — Direction
The tool passes @ outside ¢ The mation iz {* counter-clockwize
" inside  clockwize
— Angles — Remowval r
The tool &+ olls around Cé/é -» from header point : |0 mm || Qe
 follows straight lines Z -5 from kailer point: |0 mm O'/
— Roughing paszz — Finighing pazz
[~ enabled at I mm |1> FR-10 basic slot cutter @ 1.00 4 flutes
I 1 3 - FR-10 basic slot cutter @ 1.00 4 flutes j Feed speed: auto mmds
Feed speed & aufomatic
= sebtn I g ™ | Axoidlittertal islards I 20l angles
Ok Cancel |

All that’s left to do is define the path that the cutter will take around an
object. Start by indicating whether the cutter will be offset to the outside (if
you wish to keep the object intact) or the inside (if you wish to produce a cut
out, the size of the object) of the shape.

Then specify the direction of the toolpath, clockwise
or counter-clockwise. This is important as the machining
will only be done in this direction, and a little arrow is
shown at the start point of the toolpath to indicate in ¢
which direction the cutter will travel.

The rotation of the tool combined with
its direction of travel is important as it
influences the whole cutting process. If
the cutter approaches the work as shown
to the left it is called "conventional
milling", the oppositeis"climb milling ".

With alight milling machine, conventional milling is likely to produce the
best quality finish. With a cutter rotating clockwise (as shown above), this
equates to a clockwise tool path when cutting on the inside of a closed shape,
and counter-clockwise when cutting on the outside. Moreover, Galaad chooses
the direction automatically, but if you want to change the direction, you can
do so as you have the last word.
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You can specify how external angles
are to be machined. Galaad can produce
either sharp angles, by extending the
toolpath beyond the actual vertex so that
the tool loses contact with the work, or
rolled angles by ralling the cutter around

the vertex to keep it in contact with the R @
work. The laiter method is often > P

preferred as it helps to reduce burrs, but
the calculations can become rather

heavy.

At the entry and exit points (which can be in the same placeif the object is
closed) you can add a lead in/out distance so that the cutter enters and leaves
the material a little way from the actual finished shape. This prevents the
work being marked when the tool descends into it, something that can occur
when the entry point is on the actual finished contour. Galaad aso allows you
to manually add these points if you want to. See the other commands in the
menu command "Machine/ Tool Compensation™.

There are times when it is necessary to make a rough pass, prior to
making a finishing pass, with the tool and feed speed specified for the object
and which are displayed at bottom-right of the dialogue box. You can choose
to use a different tool and feed speed for rough and specify how much
material (stock) to leave on for removal by the finishing cutter. Please note
the tool sequence (set when machining) has priority over the rough / finishing
sequence, so if you want to rough out with a different cutter, remember to set
the correct tool sequence to avoid putting the cart before the horse.

In fact, if your design contains tool compensations with rough and
finishing passes, even before setting the sequence of tool cycles, Galaad will
remind you that a prior order must preempt that sequence. Hence Galaad
presets the tool sequence depending on compensation passes, but you have
the right to break that order. If you do so, then a last warning message will
ask you to confirm before proceeding.

Finally, there are two little tick boxes, one that will allow you to avoid
isands when pocketing, i.e. leaving intact all objects that are located within
pocketsin other objects, and the other that enables 3-D anglesto be produced,
which is only possible with a cutter that has a conical profile. When the
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contour is complete, Galaad uses the point of the tool to cut a straight linein
3-D, hisecting internal angles from the base of the cut to the surface of the
work. The resulting cut is identical except for the bevel, which produces a
neat effect.

It is not possible to change the geometry of a compensated toolpath that
has been automatically calculated by Galaad, except if you change the actual
shape it relies on. But some side functions may no less alow you to adapt this
path to your special needs. Once compensated trajectories are calculated and
displayed, just look for the interesting function in the "Machine / Tool
compensation” sub-menu.

First, you can create a new object from the calculated toolpath. The new
object will be fully independent from the original one. If the selected object
already has a tool compensated path, this path will immediately be
transformed into a new object without any questions. Otherwise you will be
prompted to indicate a compensation distance and all other classica
parameters for such calculation.

It is also possible to add a feed in/out segment or arc that will complete
the calculated path at its ends. The feed in segment may even follow an
oblique Z dope from the workpiece top surface down to the object depth. Be
aware that Galaad does not check the validity of your add-ons, especially
concerning possible collisions with other paths. No written law will limit the
number of such additions; consegquently you can cascade several to create a
real feed infout polyline. But when the tool compensation is recalculated,
automatically or on demand, all add-ons disappear. Therefore it is better to
draw them last.
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O Hatching and pocketing cycles

When engraving there is frequently a need to highlight an area such asthe
insde of a character, this is known as hatching. In addition, milling
operations sometimes require an area to be hollowed out, to leave what is
known as a pocket, for example a surface between two engraved borders such
as letters or any closed shape.

Galaad provides ways to accomplish this. Hatching an area consists of
engraving a series of shallow parallel lines across it, very close to each other.
Alternatively, pocketing uses a normal dot drill (or similar) to remove all the
material within the pocket down to the required depth. Let us start with
hatching.

Find the icon for constructing closed polygons and construct a large one
with at least six or seven vertices. Then add a smaller one that is entirely
inside the first one. Now select the two polygons, or just the outer one if you
prefer, and choose the command "Design / Hatching" from the menu.

Hatching The dialogue box that opens
will let you define the para-
Distance betwesn adjacent hatch lines : [auo | mm meters that will be used to
Sering: 1| Besivedsph:[i00 % | | hatch out the area enclosed by
: the outer polygon. There are
(eI padinstiten % Letie e not too many options and they
e | e are not very complicated, or at
least they won't be after a little
[ o ] carcet | .
practice.

The first text box sets the interval between two adjacent hatch lines. In
general this distance should vary with the diameter of the cutter tool used. If
you leave the value set to "Auto" Galaad sets this distance to half the diameter
of the tool. Then hatches will have an overlapping ratio of 50%. Remember
that this varies with the cut depth when you are using a conical engraving
cutter. However you can change thisif you so desire.

Hatch lines can also be inclined at any angle, positive or negative, with
respect to the vertical, which is the default zero setting. Remember that a
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positive angle produces a counter-clockwise (trigonometric) rotation and that
classicitalic text, which dopesto the right, therefore defines a negative angle.

In some types of engraving the hatching out of the interior is not done at
the same depth as the outline, therefore Galaad lets you set the hatch depth
as a per centage of the outline depth. By using a relative depth as opposed to
an absolute one, you can work with a collection of objects that have many
assorted depths.

The style of hatching produced is affected by the choice of either zigzag or
hatching. Zigzag is simply a hatching of which the adjacent lines are joined
at alternate ends. This results in a shorter machining time as the cutter does
not have to retract, move to the start of the next line, then feed in again
between each line. However, you might want all the hatch lines to be
independent, in which case you can also specify the direction they take.

It is aso useful to be able to choose whether the hatching is machined
before or after the outline. It is very common to cut the outline last, as this
produces a sharper definition of the contour, however as usual, it is entirely
up to you.

Finally, you can tell Galaad AN
whether or not to avoid internal )
idands (objects totally enclosed g ﬂ
within other objects) so that they e
remain exposed.

Important: to be considered an
idand, the inner polygon must be
closed and have its depth lesser
or equal to that of the outer

polygon.

Note that you can select all the hatching within a design by using
the filtered selection icon.
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Cancd the hatching operation, or make use of the fact that the hatch lines
are currently selected and simply delete it. Now we will look at the pocketing
cycles so find the menu command "Design / Pocketing cycles..." or use the
shortcut icon.

Pucholing wroe [=] Once again the distance between
T adjacent passes is required, this time
ErogesiveZlowering: [0 om 9 referred to asthe stepover.

Direction ;E‘ungcr:;;—:e\u:kwlse Angles: g-ﬂ;\i )
e aten b The default value is set to half the
equence outtain v Awaid intemal islands .

LT . p— tool diameter but of course, you can

override thisif you so wish.

Progressive Z lowering is a bit like the duplication function but with the
addition that the depth is progressively lowered with each step towards the
centre of the pocket, producing a 3-D effect.

As with the contouring operation, on which this function is based, it is
necessary to define the dir ection of the toolpath, which is normally clockwise
for internal paths. Likewise you can also choose whether external cornerson
isandsarerolled or sharp.

A pocket can be cut out in two

basic ways, from the inside to the ?
outside or the other way around;
Galaad gives you the choice for that :
sequence. \
In addition you also have the

option to leave any internal is
lands intact.

One final parameter, link passes, produces a short link between successive
contours within the pocket, so that the tool remains at the cut depth. Thisis
similar to zigzag hatching as described above and leads to shorter machining
times. This can become quite complicated when there are internal islands
involved but Galaad will try to do its best. The hatching function sometimes
gives better results than the pocketing cycle in critical cases, i.e. outline
polygons that are made of very small and erratic vectors.
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O Connecting objectsinto one toolpath

You have seen how the software can produce a contour, or clear out an
area, defined by a single object. The operation is somewhat more complicated
when the path is made up of several different objects. It will work if the
objects are drawn (or rearranged) so that they are in the correct machining
sequence. Alternatively you could weld the objects together however, there is
a problem; when welded together, objects of a different nature lose their
geometric properties and this makes it difficult to modify them at a later date.

For example, take a design comprising an open
circular arc followed by a smple polygon then a
Bézier curve, which also links back to the arc to

form a closed shape. Here we have three independent
objects, two of which (the arc and the Bézier curve)
have intrinsic geometric properties, but only a single
path to contour or clear out.

Galaad offers an interesting alternative to smply welding them together.
This will not affect the properties of the individual objects. It integrates the
different objects into a single toolpath, by simply connecting the
neighbouring ends of path components.

Select an end point of one of these objects and apply the menu command
"Machine / Toolpath / Connect objects’ and if all goes well the object will
now be joined. This will be confirmed if you try to sdlect either of them
individually, you will now find that they act as a single entity. However, it is
much quicker to apply this command globally by first sdecting all of the
objects.

Nothing seems to have changed except for the
appearance of small dots at the connecting points
where the objects join, provided that the menu
command "Display / Trace / Paths / Link points' is
ticked. You now have one single continuous
toolpath made from the group of shapes, which can
be handled as a single obj ect.

This command also has a shortcut in the toolbar at the top of the {:?l
screen.
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Now that you have this continuous path, it can
be contoured, hatched or pocketed just like a
single object. However, please note that a toolpath
may remain open (as with our previous example)
as you can connect and contour along an open
shape. The aim is to define a macro-object that
Galaad will see as a single entity, without having
to resort to the less friendly welding technique.

When disconnecting objects, you will find that each object regains its
independence, and also its geometric properties that it had prior to being
connected. Your objects have not been harmed in any way.

There are other associated functions for working with connected tool paths.
For example, you can select a connecting point in red and define it as the start
point of the toolpath, or perhaps change the overall direction in which it will
be machined, without affecting the end result. If thisturns out to be necessary,
you can permanently weld the connections, but in this case, the objects will
lose their geometric properties and be converted into simple polygons.
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O Tool parking positions

We have briefly seen the basic functionality of Galaad's integrated
machining module. Y ou have probably already machined something success-
fully with it and wish to know more about the features available, it is therefore
time to delve deeper. Take a design of your choice then start the machining
module, or the simulation if your CNC is currently unavailable.

i Galaad / Milling : . oy [m]
Machining parameters | Advenced oplions | Worlpiece origin |
- Tooks - Passes
Seguence: | ¥ 1t pass, speed = [100 %
I - [N [ - | ) s N
|H|?2|13|14|15‘15‘1?‘13‘15‘20
|21 |22|23|24|25‘25‘27‘23‘29‘30
[t [ [ [54 [= [ [ [ o [ e e aver m
|41|42|43|44|45‘45‘4?‘43‘45‘50
Cut pass stock base : [01 mm
|5 FR-30 Fraise & rainurer @3 4 fiutes
- Fixed values
Tool ohange | Tool parking |
[~ Depth, at mm [~ Pass, at mn
[~ Feeding speed, at mimis I~ o driling cycles
- Design
¥ scale [1 i1 I~ Selected bjects oy
I~ Beain at red point
=Dm. [0 x[655 mm ™ Stop &t biue point
[~ ¥mimor  Rotats [0° 1 Active layer (#1)
 Selected layers
C Alllayers
I clearance height : [2 mm
[~ Optimised path
Zcontactmargin: [0 mm

[Version 3 - 140205 Fro (- Parameters [EL[#1 /amm BNz atsmm [ [#7az [8:[aut [ [o25 mm

No doubt you are very familiar with this screen and aready know how to
control the tool sequence. If not then you have arrived here a little
prematurely and should first complete your apprenticeship, then return here
when you are fully familiar with the use of this feature.

Consequently, we are not going to return to the now well-known tool
sequence which covers the smaller part of this window. But before looking at
the numerous parameters on the right, let us quickly review the buttons that
control the position of atool after it has completed a machining cycle.
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Click on the "Tool Change" button. X
A small dialogue box will appear, to ;E‘:t:;':::::;z:“:?"m"
allow the tool change position to be L
specified. Unless told differently, this o[
position is given in absolute co- W zPosiin: [T wn
ordinates, relative to the maching's = Feoe o °
physical datum point. It represents the e
position where the cutter iS Sent a the  © nsmsotoion saisseasn | e
end of a machining cycle when another Spesd: [ mnis
tool hasto be loaded.

If you do not want the tool to move from its position at the end of a cycle,
that is, directly above the exit point of the last object machined, smply select
the option to remain at the current position. Otherwise you need to enter the
co-ordinates for each axis. Note that if you enter a value beyond the physical
travel of an axis, obvioudy Galaad may find it a little difficult to comply with
your instructions.

Usually the tool change position is chosen to provide easy access to the
spindle for the operator, which is normally somewhere at the front of the
machinein retracted position.

The default speed is the same as that specified for the XY rapid and the Z
lift up moves, but you can set a different value if you wish.

The neighbouring button "Tool parking" defines the position where the
very last tool goes to, after finishing its machining cycle. Given that it is
assumed that the machining is ether finished or abandoned, this position is
normally set to move the spindle well away from the operator so as to allow
better access to remove the workpiece. Parameters of this new dialogue box
are the same as the previous one, with identical functions.

If you park the tool near to zero on one or more axes, it is recommended
that you leave a small distance of say 1mm, so as not to leave the machine
pressing on a limit switch. This can increase the lifetime of the mechanical
contacts. Thank you on their behalf.
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& 1% pass, 2" pass, cutting pass

The first parameter frame, at the top right of the window is entitled
passes. Unfortunately, this term has several different meanings, the most
common being each pass that the cutter makes across the workpiece. In
Galaad's terminology, the cyclic machining operations are defined as follows,
starting from the top:

- thetool sequence, defined by you,

- the passes, based on the order of work (1% and 2™ passes, cutting out),

- the pecks, based on the maximum depth a tool can cut (except 2™ pass),
- the cutting order of the objects or paths based on the design itsalf.

A complete machining operation is therefore a repetitive sequence,
comprising finding the workpiece origin then automatically cutting the part
with a series of tools. Each tool can have 1% pass, 2™ pass and cutting out
pass. When making 1% pass and cutting out pass, it is necessary to adhere to
the maximum cut depth that the tool can make. Finally, at each such depth
the appropriate paths are machined. Notwithstanding this, a simple machi-
ning operation might only use a single cutter, only have a single pass and a
single peck.

We have already seen the tool sequence, so let us return to the passes.
When you design an object in Galaad, you can give it a depth. If this depth is
greater than the thickness of the material, it is limited to this value and the
object is marked as "cut out". In this case, changing the thickness of the
material will globally change the depths of objects to be cut out. Therefore, on
the one hand we have objects to cut out, and on the other, objectsto engrave
or mill at alesser depth.

For practical reasons, Galaad schedules all cutting out operations last in
the sequence for each tool. The reason for thisis smple; when a pieceis cut
out there is every chance that it will not remain in place whilst other objects
are being machined. When the work comprises a mixture of milling and
cutting out, it is obvioudy better to leave the cutting out until last, otherwise
you could end up with a piece that has just been cut out, getting loose,
catching a cutter and getting ruined or breaking the cutter. Consequently
Galaad overrides the sequence defined in the design, and places the objects
into two groups, engraving and cutting out, however, within each group the
design sequenceis followed.
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It is often useful to take a cut in more than one pass, rather than just a
single pass at the full depth, by starting with a heavy rough cut followed by a
light finishing pass. Let us consider an object to be cut at a depth of 10 mm.
We could make a single cut at 10 mm or start with a rough cut of 9.9 mm,
and follow it with the final cut at the full depth. The 1% pass will remove most
of the material from the track machined and the 2" pass removes the 0.1 mm
remaining material and any swarf remaining from the first pass. During the
2" pass the cutter has little work to do and consequently the feed speed can be
much higher. Obvioudly, this depends on the material.

Therefore, you can choose to make two passes with objects
that are not cut out.

For objects that are to be cut out, there is no point in making a 2™ pass
since the cut depth is already equal to the thickness of the workpiece. On the
contrary you could make the cut a little deeper to ensure that the piece is cut
out cleanly. Depending on the material, this extra depth could well corres-
pond to the thickness of the adhesive fixing the material on to the machine
bed.

The feed speeds for both rough and finishing cuts are adjustable globally.
You can specify a multiplication factor for each of the speeds without having
to modify the speed of each object individually. These multipliers will be
universally applied to the speeds of all objects, whether they were set by you
or calculated by Galaad. If you choose to include such a finishing pass, then
in general a multiplication factor of 200% or 300% would probably be
appropriate, depending on the thickness of the remaining material that has to
be removed.

In summary, let us consider a piece to machine, comprising a profile to cut
out and some paths to mill. If you decide to make two passes, the machining
operation will comprise the following sequence: the paths will be cut out
roughly, during the 1% pass, at a depth dightly less than the required depth
and then finished at the full depth, during the 2™ pass, but at a faster feed
speed. Then the piece will be cut out at a depth equal to the thickness of the
material plus the extra depth. If a separate finishing pass is not required, then
thefirst cut will be at the full depth.
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& Fixed values

It may be that you have to machine a workpiece design using feed speeds
and milling depths other than those specified for the objects. You can, of
course, return to the design, select all objects and change the machining
parameters. However, Galaad offers a shortcut allowing you to override these
values globally with fixed feed speed, depth, passes, and drilling cycles which
can be disabled.

For example, you have a design containing a whole range of depths and
feed speeds to be machined with a rough cycle in passes of 2 mm. However,
you now wish to machine the design with this tool in one pass, at a fina
depth of 1 mm, at a speed of 5 mm/sec, with neither pecks nor deburring
cycles. In this case smply specify a fixed depth of 1 mm, a feed speed of
5 mm/sec and tick the "No drilling cycles' option. The machining cycle will
now use these new values and ignore those specified in the design.

. nrey 1 Fixed values
Note: the "Fixed val us do g — S m—
not change any of the design or N I N
. V¥ Feeding speed, mmes W Mo driling cycles
tool parametersin Galaad. - -

This feature can help you make last minute changes at the point of
machining depending upon the tool to be used.

& Design

The last machining parameter frame contains a variety of tools to
manipulate the result. The first one alows the scale to be changed and
applied at the time of machining, without having to modify the design itsdf if
it does not match the final dimensions of the physical workpiece you have
actually prepared. Just indicate a different scale, and let it go. Note that the
depth Z scale is set separately for easier control. The resulting dimensions
(text box directly below) are immediately changed to show the effects of the
new scale, alternatively you can enter the new dimensions directly and the
new scaling factor will be displayed. Remember that you may ill enter a
mathematical formulain these edit zones.
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When engraving on the reverse side of a piece of transparent material, it is
easier to select the X mirror feature when machining, rather than producing
your design aready reversed. With Galaad the user is free to concentrate on
the finished result and leave this sort of detail until the machining stage.
Likewise if you need to rotate the complete design in 90-degree steps, this
can aso be left until machining. The small preview will assist in obtaining
the correct orientation.

Very important: the Z clearance height sets the vertical distance to
which the cutter will be lifted before making lateral XY moves to start points
of other objects to be machined. This height is the absolute value of the
distance above the top surface of the workpiece. If the surface is not flat, or if
there are any obstacles, such as clamps, then you must specify a value that
will allow the cutter to clear them safely, or else there will be trouble. On the
other hand, making this distance too large will unnecessarily increase the
time taken to machine, unless your machine is able to move at very fast
inactive speeds.

On the same lines, the Z contact margin allows you to define the stop
point for the rapid move down before entering the material. Zero corresponds
to the workpiece top surface. A small margin, still in absolute value, may
avoid a hard contact.

Galaad has the option to restrict machining to selected objects only,
which is useful if you are returning to a job that has been interrupted, or only
wish to machine part of a design. This function is like a filter; you simply
select the objects required and tick the appropriate checkbox. Galaad will
ignore any objects that are not selected. Similarly you can filter out layers,
remembering that, by default, only the active layer will be machined. The
only objects that will be actually milled during the current tool cycle appear in
black in the little preview window at left-hand bottom. Other objects, that
correspond to other tools, rejected layers or filtered on selection, appear
greyed in this preview.
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& Advanced options

The intermediate tab of the window allows you to access the advanced
options, which will remain unused most of the time. Note that it is possible to
turn pages using the key, or skip straight to the workpiece origin page
using (except if advanced options have been enabled).

The top frame alows a test path to be performed before actually cutting
any material. The path can be restricted to just the first object or to all
selected objects. In addition you can choose to run the test at all depths or
limit it to the first pass. The aim is to quickly evaluate the result and
especially the depths relative to the Z origin of the workpiece.

On certain machines, you can download the complete toolpath into the
machine's memory, and possibly save it to alocal disk or storage unit. In this
case machining will not be undertaken immediately, but is stored in the local
memory for later use without the supervision of Galaad. You will have to
press the "Start" button on the machine anytime you want the process to be
completed. Since this process is completely local, the PC can then be switched
off. Not all machines have such local memory or disk.

If your workpiece is bigger than the active table ares, it is possible to
parcel the surface by limiting the process to smaller ranges and shift the
workpiece once one mill has been achieved. You must indicate latera
margins which will remain ignored during the current cycle. The workpieceis
considered as reduced to the available surface, i.e. lateral margins will not be
machined and therefore it is the workpiece origin that is shifted. Thisis like
giving areduced window on a large workpiece.

For example, a 300 ? 1200 mm part can be machined on a table with a
usable range of 500 ? 500 mm: you just have to run the parcelled process
three times and indicate successively margins of O mm north and 800 mm
south, then 400 mm north and 400 mm south, then 800 mm north and 0 mm
south. Three successive 400 ? 400 mm "windows" will have been applied to
the workpiece. You must obviously shift the workpiece very accurately when
restarting cycles. It is better not to define parcels that could split object
trajectories, if possible. Even if Galaad manages this automatic splitting, split
paths might be visible on the workpiece. It can be useful to machine selected
objects only, to avoid this problem.
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It is possible to machine the job repetitively in the same place. Thisis for
a production run of the same design and allows you to set a delay between
each cycle. You can specify whether the spindle should be left running and
whether a reference run is required before each new part so that the machine
zero is reset. Ensure that you allow enough time to load the new parts and
remove your hands, unless you want a rough manicure.

Remark: when the tool cycle is completed normally, Galaad displays a
message on the screen that allows you to redo the process. This gives the
same result as the repeated machining but with an unlimited pause (aslong as
the operator doesn’t acknowledge the message by clicking on "redo").
Furthermore, it is possible to link the "redo" option to a binary input of the
machine, for thisrefer to the machine parameters chapter.

Another type of repetition is serial machining, which produces multiple
copies of the same piece laid out by the machine. You only design the part
once and specify that a series of duplicate parts are to be machined. Galaad
produces an array of identical parts spaced at regular intervals on the
machine's bed. Note that the margin defines the distance between the edges
of adjacent boards and that the small preview will help you visualise how
the results will belaid out.

At the bottom right-hand of the page, some parameters allow you to
resume an aborted machining, without starting the process at the first object
of the sequence. This helps to finalise an interrupted machining process,
whatever the cause of the interruption. Note that the machining module
continually saves the cutting progress, so it can be recalled in case of a power
failure or system crash. Yes, does happen sometimes... But resuming an
interrupted machining is always optional, even if it is obvious that the process
did not end normally, you must enable this option, but the process parameters
are aready specified.
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£ Moving the axes

We have nearly finished reviewing the machining parameters and al
that’s left to do is say a short prayer before experimenting with your fragile
cutters on a somewhat more robust workpiece. Before becoming an expert in
setting these parameters it is inevitable that you will suffer a few cold sweats
and broken cutters. Don't forget that you can ether run a simulation, or
perform a dummy run without the workpiece in place so that you can see the
path the tool will take and gain an understanding of the complete machining
process. Now move on to set the origin by clicking on the "Workpiece origin”
tab or by pressing the (tab) or key.

i Galaad / Milling oy [m]

Machining paremeters | Advenced oplions  Warkpiesz origin |

- Commands - Move
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1400 mm
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Drive to | hemorise | Restore |

254 mm

Y T

Location on workpiecs Isnulh-wesl j ! |upper surface j

W @ Todlcentre U Tooledus (@ 1.5 mm)

sloo oo - - START MACHINING

[Version 3 - 140205 Fro |- [Manual (B[#1 famm BNz atsmm [ [#7az [8:[aut [ [o25 mm

w

You will have no doubt noticed that the top right-hand section of this
window is for manually moving the axes of the machine. The Z and A (rotary
axis) buttons may or may not be active, depending on the number of axes
fitted to your machine.
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After initialising the CNC and performing a reference run to set the zero
position of the axes, you can use the axis jog buttons. Actually there are three
possible ways of moving the axes, by clicking on the appropriate buttons on
the screen with the mouse, by using the corresponding keys on the keyboard
or by using a joystick. The movement can be continuous or a fixed distance
but in either case the movement isimmediately interrupted if the button, key,
or joystick is released

When using the keyboard, the X and Y axes can be moved, either along
the axes or diagonally, by using the numeric keypad or cursor arrows. The Z
axis is controlled with the (=) and (+] keys. However, the A axis (if fitted)
cannot be controlled from either the keyboard or a joystick. Here the mouse
reigns supreme.

Without wishing to sound too obsessive, it is difficult not to expound the
virtues of a joystick as a practical means of controlling the movements of a
machine. Besides entertaining you by exterminating hordes of aliens or
shooting down enemy aircraft with other fine software, this broom handle and
its more or less long cable allows you to leave the computer and move closer
to the machine. This makes it much easier to approach the workpiece origin
points without breaking cutters. Using a joystick is simple, just incline the
gtick along an axis or diagonal and the machine will move in that direction
until you return the stick to the central position. With the default
configuration — but you can change it according to your needs — if you press
and hold button n° 1 (the fire button), pushing the stick forward or pulling it
back will move the Z axis up or down, as when flying with a hangglider, but
with less chance of lift off. If you press button n° 2, all movement X, Y or Z
will be made at a reduced speed. Of course both buttons can be pressed
simultaneously to combine their functions.

There is a wide range of joysticks available, from very basic models
through to those that are worthy of an SR-71 with force feedback. They will
all work with Galaad, but unless you intend accumulating many hours on a
flight simulator, only choose a basic model. Also note that a very basic
joystick with binary on/off buttons works as fine as an analogue model, since
Galaad defines triggering motion thresholds and consequently does not
consider angles of the broom.
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ﬁ[ Nonetheless, whatever model of joystick you have it is necessary
™3 toconfigure and calibrate it for Windows.

This will be found in the Windows Control Panel, and not surprisingly
labelled "Joystick”. You have to specify the model of your joystick, which by
default is a simple 2 axis / 2 button device, then calibrate it. Incorrect
calibration may lead to untimely motion of the axes, which is never good
for the survival of your cutters.

It is also necessary to tell Galaad that you wish to use the "Manual control
with joystick" feature which is done from the advanced tab of the full machine
parameters. This small additional precaution prevents an axis moving by
itself without any warning if a joystick is not present. And this is very
important: if you remove or disconnect the joystick from your computer,
disable the joystick control option in machine parameters. As a ghost joystick
returns ghost broom positions to Galaad, this may result in erratic motion of
axes. Cutters don't appreciate this either.
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To modify the settings of this dialogue box, it is therefore necessary to

disable and re-enable the "Manual control with joystick" option, which sounds
like a double-click on a checkbox. Don't tel Microsoft, this is non-
conventional use of the Windows interface, but the dialogue box appears only
when the checkbox has just been ticked active.
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Back to axis motion, now let us look at the radio buttons, which set the
movement distance. The default setting is continuous which results in an
axis moving as long as the button remains depressed, though it will obviously
stop when it gets to the end of its journey. Unless your machine parameters
are incorrect, the halt should be soft and gently decelerated. An alternative
and frequently easier way of finding the reference point is to move in
predefined steps for which Galaad provides the necessary features. These
buttons limit the movement to the distance selected, for exampleif you specify
a distance of 1 mm then this distance will not be exceeded (in each step). If
you release the button before the distance is reached then the motion will
stop immediately. So you can move the Z axis down, by say 10 mm, without
fear of breaking the tool and having to constantly monitor the distance, even
if you had less than 10 mm clearance between the tool and the workpiece. Of
coursethe axisis also stopped in this mode before brutalising its ends.

Note that for diagonal movements the distance specified refers to the
distance that each axis will move and not the length of the resulting path. For
example, if a distance of 10 mm is specified and a diagonal move is made in
the X and Y axes then the length of the actual path will be 14.142 mm if
Pythagoras was right.

The speed at which manual movements take place is set by the little
diders stuated on the left-hand side of the window; the range being
dependant on the CNC in use. When this window opens, the diders are set at
the default values that have been defined in the machine setup parameters, at
the bottom of the " Speeds’ tab page.

You will remember that if required, it is possible to click directly on the
axis position LED display at the bottom, and access a dialogue box to input a
position directly from the keyboard. In addition there are hidden commands,
namely a double click in the preview area which sends the axes to the
corresponding X and Y position, and the (backspace) key which goes
back to the last position. Motion speeds are those for manual sliders.

x BEEOE mm Y BEDOD o Z HEQOE mm

Y ou now know all the ways of driving the machine manually.
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Above the speed dliders there are four command buttons relating to

functions specific to the machine.

i Thefirst of these initiates a r eference run to set the machine's
- zero position.
g ﬁ? The next button sends a direct command to start or stop the
(e spindle.

If the spindle rotation speed is under EERTENNE

software control through a D/A converter or a Ea i

PWM signal, the spindle speed dialogue box = swes: [EIRF-IEIE]E]E] =

will pop-up to provide full access to the e

Fun E——

tachometric control.

= workpiece reference point.

_gx The two buttons on the right are for a tool measurement
22 ¢| sensor. Thefirst allows its position to be defined then calibratesit,
whilst the second is for using it. We will delve a little further into
'E }? how this device works, as it can be very useful when finding the

EU._ The last button on the right-hand side alows you to send the
ks machine to the predefined tool change position.

If an automatic tool changer with a
custom programmable sequence is fitted
to your machine, clicking on this button
pops-up the changer management win-
dow for manual control.

When a milling process has been
roughly interrupted with the last tool left
on the spindle, this feature becomes very
useful asit allows you to park thetool in
its rack before starting an automatic
process that could generate a conflict.
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& Defining the workpiece origin

You have already seen the ins and outs of setting the workpiece origin in
Galaad. Without going into the details of this, remember that the software
needs to know where to find the workpiece that it has to machine and
consequently asks where to find the reference point and where the workpiece
is situated in relation to it. The co-ordinates of this point are givenin 2,3 or 4
axes depending on your machine and the type of work you are doing. They are
displayed at the top of the wor kpiece origin frame.

Posttion:  X+| 30 v+ 20 I-|62 Ao

If you know in advance the exact position of the origin, you can click on
one of these text boxes and obtain a dialogue box to enter the values directly.

Very important: it is not necessary to actually position the cutter at the
origin point to confirm it. The physical position of the axes and the position
of the workpiece origin are totally independent, although several buttons serve
as a bridge between the two. Certainly, you may need to move the axes
initially to find where the workpiece origin is situated, but once it has been
established and confirmed to Galaad, you can move the axes without the
slightest effect on thisorigin.

Remember that the classic way of finding this datum is to manually drive
the Z-axis until it is over the workpiece then bring it down until the tip of the
cutter is skimming the upper surface of the workpiece, or aternatively,
whatever the workpieceis on. Thisis best done near to the centre of the work.
Once this has been done as accurately as possible, you can click on the green
button marked "Z - ok". The current position will then be transferred to the
textbox for the Z workpiece origin. Don't forget to indicate whether this refers
to the upper or lower surface of the work, using the combo box provided just
bel ow the green buttons. Now raise the Z axis, so that it is clear of the work
and any obstacles. You can now set the X and Y values in a similar way, but
thiswill take a bit longer.

First we are interested in the combo box that sets the location on
wor kpiece of the origin point. Note that ther e is no connection between the
design origin, the machine's zero point and the workpiece origin, these
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three references are absolutely independent. Conventionally the design's XY
origin is located at the south-west corner of the drawing board, but the
machine's zero point could very well be at the north-west corner. The
workpiece origin can be anywhere on the workpiece but Galaad needs to know
where to find the work in relation to this point. Consequently the combo box
allows you to place the origin in any of the four corners, in the centre of the
four sides, in the centre of the workpiece or at a reference point within the
design, for example a point selected in red or a blue cross. When you change
the reference point, which appears as a small blue marker, the preview
window shows the position of the workpiece in relation to it.

You do not have to determine the X and Y position with reference to the
centre of the cutter. You can just as well work from the edge of the tool and
Galaad will correct the position, based on the radius of the cutter. It goes
without saying that if you are using a conical or hemispherical tool then the
correction will be based on the maximum diameter. This option is not
availableif you use the centre of the workpiece instead of the edge or a corner
as the reference point because Galaad will not know how to make the
correction. Note that changing the method (tool edge or centre) is not taken
into account when you click on the green buttons. If you confirm a position
then change the method of defining, it is necessary to reconfirm a new
position.

It is useful to actually go to an origin point to check that it is correct. To
do this simply click on the "Drive to" button and confirm the values in the
dialogue box that appears. This dialogue box allows you to reduce the Z axis
movement rather than actually make contact with the workpiece. The
movement and the associated limitation do not have an effect on the origin
itself. Just in case, remember that you can stop a mation with the
bar beforeit turnsinto atool's nightmare.

Possibly, in fact probably, you will have fitted a reference corner to your
machine, comprising two solid bars accurately mounted along the X and Y
axes of the machine, forming a corner at the north-west or south-west of your
bed. The position of the resulting corner will not change whatever workpiece
is fitted into it, consequently there is no point in measuring it each time,
though it may be worth checking it occasionally. The Z value will have to be
determined each time, as this will vary with the thickness of the workpiece
and the length of the cutter.
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If you have several possible reference points, you can save the settings
until they are needed again. When an origin has been determined and
confirmed simply click on the "Memorise" button and supply a name to refer
to it. To use a previously stored position click on the "Recall" button and
select it using the name you gaveit.

& Automatic tool measur ement

It may be that your machine is fitted with a device for determining the
length of a cutter. Thisis usually in the form of a small device fitted with a
pressure sensitive upper surface, which is capable of sending a signal when
touched (e.g. a micro switch). The cutter makes a controlled descent onto the
sensor until it is triggered thus determining the length. In this case it is even
more important to perform a reference run first, especially if you have
changed the thickness of the workpiece or the tool length.

The software works as follows. First, Galaad needs to locate the XY
position of the tool sensor on the machine bed. Then it must calibrate the
precise vertical distance between the trigger point of the tool sensor and
the surface onto which the workpiece will be mounted. Once these two
operations have been done the software can automatically send the cutter to a
position above the tool sensor, drive it down and calculate the position of the
surface of the work, using the thickness of the work that was previousy
entered.

B0 The third button in this series allows the position of the tool
=2 | sensor to be determined and calibrated.

First, position the cutter just above the tool sensor, as near to the centre
as possible. The best way to do thisis to lower the cutter until it is just above
the sensor. Note: it is assumed that the X-Y position of the tool sensor does
not change with each machining operation, as Galaad stores this position and
uses it for al future automatic measurements. Consequently this method
cannot be used with a floating sensor that is manually positioned on the
surface of the work each time it is used. When the tool is directly above the
sensor, click on the above-mentioned button.
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The dialogue box, which then |EzEs
opens, is in two digtinct parts ~ Phase 1 / posiion
which set the actual location of TS0 T T | ]
the tool sensor on the table - —
surface, and calibrate the trigger | 7o 0™
position. Phase 1 is to confirm W e e 2 et e ater=es (W) opee syfies
the XY position for the centre of LB
the tool sensor. Curent sensor/tableoffset: [ mm

. . I Eun’?liﬁnsor is & fiwed aside the board
TICk the COI'I'eSpOndI ng bOX € |aid on the board surface at every use

and click on the OK button.

Consequently, the sensor XY position on the machine bed is fixed. If you
are using a mobile sensor, e.g. set on the top surface of the workpiece to be
machined, then you must always put it in the same place. Otherwise Galaad
will lower the tool over a place where no sensors are there to stop it.
Otherwise you will have to do an emergency stop if you don’'t want to
apol ogise to your broken tool.

You will notice that a small round blue icon appears in the preview
window to indicate the XY position of the tool sensor, which now has to be
calibrated. To do this, bring the cutter back to the position where the work-
piece is normally found and, using the tip of the cutter, very accurately
find the machine flatbed on which the workpiece normally sits. You can
also find the upper surface of the work, but in this case the thickness of the
material and its sticker will also have to be measured very accurately. Here
accuracy is extremely important. Any error at this moment will interferein all
future tool length measures, until you redo this calibration process.

Once this operation is complete, click once again on the tool sensor setup
button to run phase 2, and measure the vertical distance between the
machine bed and the contact point on the sensor. Indicate whether the
Z position is the upper or lower surface of the workpiece. Choose one of the
two options and click on OK.

Hamnd The software must now lower the tool
N e bt s md | ONto the tool sensor. It already knows the
the sensor. ‘. . .

position to measure the vertical distance

Bl between the sensor and the machine's bed.
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If you are sure about the XY position of the tool sensor, confirm the
message. The very first time, keep your finger over the emergency stop
button. Note that you can always try this out with an old cutter or with a
suitable piece of dowel. The accuracy will not be affected.

Galaad retracts the cutter to the Z-axis zero point and moves it laterally
until it is directly above the tool sensor. The tool isthen lowered until the tool
sensor is activated, assuming that it is switched on of course. In the latter
case... well, it is probably better not to think about it. When the sensor is
activated the movement is immediately stopped and the position is obtained
from the CNC. The software has the position of the workpiece support in
relation to the tool mounted in the spindle and what is more it knows the
position of thetool switch, triggered with the same cutter. Now al it hasto do
is calculate the difference.

When measuring in automatic mode, Galaad simply positions the cutter
directly above the tool sensor and lowers it until it the sensor is activated. By
taking into account the height of the sensor, it now knows where the
machine's bed is located in reation to the cutter. As it already knows the
thickness of the workpiece, it will then know where to find the upper surface.
If you have fitted a reference corner so that the X-Y position of your
workpiece is always in the same position, you will hardly ever haveto find the
workpiece origin manually, other than the occasional check. Note that phases
1 and 2 of the setup can be redone at any time.

—gl E; Once the tool sensor has been set up, you can use the fourth
E button to measure the tool length.

A particularly important parameter is the speed at which the tool descends
onto the tool sensor, which is set in the tool parameters. Because of the
mechanical inertia of the Z-axis, changing the approach speed can have an
effect on the measurement of this value. Consequently it will be necessary to
recalibrate the tool sensor. Take care when setting the descent speed.
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& Manual control

Besides finding the workpiece origin prior to machining, Galaad also
allows you to drive your machine around manually, just for the hell of it and
just to check that al is well. Use the menu command "Machine/ Manual
control" to obtain a new window with the main features required.

i Galaad / Manual drive oy [m]
- Commands - Move
o .. & & Continuous
3 9s| Enl &5 Tg I
+* E C 10mm
- Speeds 1 mm
<a z 2
| A0 mm
*r — N . . . 20 mmis
—_— = 1400 mm
£ [ v d 0 0 i ' " v 0 1 D EmS
C 254 mm
A ' v v 0 0 v 0 v v 0 ' LR

_ T

"""""" Sy [P (B 0M 3826,40,2189,40,0,40,0,40

----------- G ]| .

........... PR Manual command I j sond File 35

................. oote 7 —
% —I

................ Otpte - NN ) T T W =

A CCRBEDC

Wersion 3 - 01/03/05 Pro | B[ Manual (B[#1 72 mm B0 a1 mm ERED |81 mmis [EE[0mm

There is no point dwelling on the functionality of this control window, as
you already know it well. However, we will point out that you can check the
state of the CNC's inputs by clicking on the "Refresh” button or the "L oop"
button for a cyclic reading, which helps you to survey changes. You can also
flip the state of the outputs by clicking directly on their display boxes. All the
control codes exchanged with the CNC are displayed. You can also send
commands manually, a line at a time by typing in the code and pressing the
"Send" button, or send a whole text file. Don't type and send something just
to see what happens. At best, it will not respond. At worst... well, don't mess
with the devil!
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& Galaad and Lancelot

Y ou will have noticed that when installing Galaad, it adds a folder to your
desktop and start menu, this folder contains more icons than expected with
different names, though in the past they all used to meet round a famous
table. Up to now you have only used the "Galaad" icon, but perhaps the
neighbouring one called "Lancelot" has intrigued you. Come on then, you can
double-click on it now.

i@ Galaad / Milling CARTER.NCP 1ol x|

Machining parameters | Advenced oplions | Worlpiece origin |

- Tools - Passes

Seguence: | ¥ 1t pass, speed = [100 %

{1 e (8 2

[ee [ez[wafeaosws]er[re]rs]2
[22 22 [as[2a[25 [2a[27 [28 [20 [0

[a [z [ [as[os [os [ [oe [3s [0 A e m
[or [z [w[aa[as[as [ [ae]as[s0 g_%

Cut pass stock base: [0.1 mm

(317 mm

-~ Fixed values

[~ Depth, at mn [~ Pass,at mm

Tool ohange | Tool parking |

[~ Feeding speed, at mmfz I | o ciiling ey cles

- Design
v scale [1 21 .
FILE ]
=0im [1575 x[3=  mm
mpert ]
[~ Wmiror  Rotats [o= |+ L.

Zekarance height: [2 mm CHE
Zeortact margin: [0 mm I Optimised peth
Wersion 3 - 010305 Pra (B [Parameters  [E[#1 B0 317 mm ERED |8 auta B0 - 20 mm

One of Galaad's windows appears reguesting milling parameters, but with
a file import dialogue box on top of it. In fact Galaad is the core of the
software responsible for the design and management of the parameters. When
you want to machine the current design, Galaad simply calls Lancelot and lets
this module communicate with the CNC. As far as Windows is concerned
Lanceot is a completely independent application. Consequently, you can
start it as a background task and return to Galaad to design another job.
Very practical for long jobs, at least that is if you can stand the noise. Your
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ever-watchful eyes will no doubt have spotted that Galaad sometimes adds an
additional dodgy button to the task bar.

Lancelot module is dedicated to machining work and goes hand in hand
with Galaad, but it can be run by itself. For example, imagine that you want
to machine an HPGL file produced by some other software, but without using
Galaad. Start Lancelot then select your file, which will be imported ready for
machining and you will then be taken back to the preview screen. Then, al
that remains is to set the machining parameters, and it is here that the fixed
values (especially the depth and speed) become particularly useful. As for the
rest, i.e. setting the workpiece origin and the starting of the machining
process etc., well you've heard it al before.

Note that Lancelot can be run directly or from another application
software than Galaad with a data file given as argument. If it is standard, the
file name extension indicates the format. Otherwise it is necessary to give
Lancelot the standard extension between brackets. Examples:

"C:\Program Files\Lancelot" C:\CadCam\MyFile.plt
or

"C:\Program Files\Lancelot" C:\CadCam\MyFile.xyz (plt)

The quotes "..." just help integrate a file name that includes spaces into one
single entity, to avoid splitting it in two different arguments. Please refer to
chapter 20 for more information about command line arguments that are
related to the different modules.

Kay module does the same for 3-D files with more restricted formats. A
whole section is dedicated to Kay, hereafter. Let us just mention here that the
main difference between Lancelot and Kay liesin the fact that Lancelot reads
only the active part of the CAM files (tool down in the material) and
consequently uses the inactive rapid speeds and drilling cycles that have been
defined in Galaad. On the contrary, Kay drives the machine with the CAM
file asit comes with absolutely no changes, including inactive vectors. Kay is
a 3-D milling machine driver for 3-5 axes and requires aready prepared
CAM files; Lancelot is a more basic 2%2-D driver for 2-3 axes and accepts
pure 2-D graphicsfiles.
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O General

This chapter is concerned with the parameters that control the working
environment of Galaad, nhamely how the information is presented on your
screen, but excluding the display functions discussed earlier. Use the menu
command "Parameters / Workspace' to access these features, the first of
which covers afew general features.

e The resulting dialogue box
(E::;h. om| o alows you to set the units of dis-
nd o = tance and speed used by Galaad.
Eosion of i viw: o1 The units for the distance are passive

Origin of ¥2 lateral view | & up side and don't actually affect anythlng,
= down side . .

g of Y2 lstoral view et side o only serving to provide the symbol
£ nonteee displayed after the numerical value.

FZ”::?'M,_ e e | | Ontheother hand, the speed is used

in the units specified.

The software actually calculates all speeds in mm/min, as this constitutes
the smallest division. If you choose to work in other units, they are converted
when they are entered and before being displayed. If you change the speed
units, internal data in memory and files ill remains in mm/min, only the
display changes.

Y ou can choose to place the main plan view in any of the four positions of
the quadruple view. When you change its position, the view on the main
screen, remaining visible behind the dialogue box, is immediately changed so
that you can see the result. At the same time you can aso change the
orientation of the lateral views, namely the position of the upper surfaces
which correspond to Zo.

The frame at the bottom of the dialogue box sets the two Windows system
sound functions that are called to produce a warning "zap" when you make an
error — but of course thisis a rare occurrence — or a confirmatory "OK" when
a long operation finishes without a problem, which does happen sometimes.
The choice corresponds to the event sounds set via the Sound icon located in
the Windows Control Panel.
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O Advanced functions

The next command in the "Parameters / Workspace® sequence provides
access to some advanced functions of a more technical nature. It is best not to
experiment too enthusiastically with these parameters unless you understand
and appreciate what results to expect as these may not be obvious initially.
Galaad will probably not fed worse, but your design workspace might not
benefit by the change. However, as usual, you arein control.

Constructing texts with Windows x|
TrueType fonts requires graphical - TraeTypz orts
parameters. First the density of the :S'I“d” - mzl

. . . “Spline curve resolution ediunm -
hatching used to automatically fill o .

elete superimposed lines [thin fonts)

the characters and also the degree or —
resolution of the Q-Spline curves ( Impor: [ Expart
used for characters outlines. If any | Msselaneous

- w w h th Undo/Redo IE 32 levels \Ll
text Is selected when these para- s e RS e

maefS are mOdIfled thm |t Wl” be v &llow direct shapping to neighbour paints

™ Limit direct snapping to active layer only

reconstructed using the new \_/al ues. T e e s —e—— B
Note that th@e parameters WI” not ¥ Always select using "oreen preview" mode

[¥ Display info tip about green selection

aff&t teXt COnQrUCted us ng Ga] aadls 'IZ Allovs sutamatic zoom shift
v Keepworkspace environment when exiting

i n bUI It fontsy as th& are al ready IV Open machining process with work piece arigin
pre-hatched.

TrueType fonts are made for the screen or the printer, and consequently
cannot encode simple lines without thickness. For example, a smple capital
"I" will be represented by arectangle or two overlapped zigzag linesin case of
a zero thickness, but never using a single vector. Start and end points of a
TrueType path always match. If the font has no thickness, i.e. a null grease,
Galaad can, for each drawn character, search for and delete superimposed
lines to obtain an optimal path with single vectors.

Clipboard scales apply to design entities that transit from and to
Windows clipboard for exchange with other software applications. Objects
that are copied and pasted from Galaad to Galaad without closing the
application are not concerned.

The first parameter of the bottom frame controls the number of Undo &
Redo levels that are stored, i.e. the number of successive operations that can
be cancelled. The limit is 10, but a smaller number will speed up certain
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operations and conserve memory usage. In fact, it is very unusual to have to
backtrack so far, but you may seek a better balance point between processing
speed and undo comfort. If your workstation is recent and fast, it is probably
better to use the maximum value.

The design timer pause controls the duty cycle of this counter. When you
stop drawing, the timer automatically stops after this pre-set time delay to
prevent it timing your lunch break. The timeis set in minutes, but you choose
how long. Thetimer itself remains under the control of "File/ Elapsed time".

Direct snapping to neighbouring points, these are small red points that
appear near the plotter when you are drawing, which allow you to hook by
pressing the bar on the keyboard or by clicking with the central
mouse button. It is possible to disable this function, or simply limit direct
snapping to active layer only if your designs are heavily loaded and
background layers are of no interest to you.

The option to limit rapid data palettes to the active layer only controls
whether objects on background layers can be referenced in the data palettes at
the top of the screen. If this is not checked, your data palette can quickly
become swamped with al the additional data, however, you lose the benefit of
rapidly extracting machining parameters from an object in a background layer
to give to one on your active layer.

The ability to always select using " green preview", which is active by
default when installing Galaad, displays in green the object that will be
selected at a given moment if you press the right mouse button. This function
is somewhat useful when you have overlapped or neighbour objects. Please
note that the pointer must approach the actual path and not simply enter the
Cartesian area of the object. An appendix to this function, it is possible to
display info tips about green selection to check its geometry, depth, speed
and tool number without requiring further selection. This feature can be
disabled for big designs or if your computer is not fast enough to allow a
comfortable use in this mode.

When magnifying part of a design board, it may be difficult to accurately
move a selected object or point towards a location that is out of the zoomed
area. If you allow automatic zoom shift, then the visua field will be instantly
moved when the mouse pointer gets too close to an edge. This function is
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inactive by default because it may render the manipulation less easy in certain
Cases.

As you already know, Galaad can save its workspace parameters when
it is closed, so that when you next open Galaad your last design will
automatically be reloaded, even though it may not ever have been saved. This
is et as the default mode when Galaad is installed. However, if several users
share the same computer this can be a bit awkward, so simply desglect this
option and Galaad will behave in the classic fashion and give you the option
to save before closing down.

It is possible to directly open machining process with wor kpiece origin,
i.e. without stepping through machining parameters, except if there are
several tools that require a sequence, or non standard values. When this
checkbox is ticked, the "Machining parameters' page is skipped (but you can
come back to it) and the workpiece origin page is displayed immediately.

O Restrictionsfor education

One of Galaad's main features lies in its ability to restrict the features and
levels of access it presents to the user. This option can be particularly useful
when it isused in an educational environment or for any new user. Galaad is
rich in icons and diverse functions, which can be a bit daunting to the
uninitiated; hence it comes with the ability to change its personality by
restricting what is on offer.

He who can do more can do less. When first installed Galaad has all its
features displayed and available, however, you always have the option to
prune those not required for your educational needs. Simply delete unwanted
functions from the menus by unchecking them, remove the icons from the
available list by dragging and dropping, set the limits of numerical values
entered by the user and define the level of disk access rights available. The
aim here is to thin out the software a little. It goes without saying that all
disabled features are not visible to the user.
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Configuration of the features available is obtained via the menu command
"Parameters / Workspace / Set restrictions’. As the name implies, it is mainly
aquestion of removing icons and items from the menu.

Three restriction levels have been predefined, and you can load them
directly without setting their parameters. These levels correspond to files
"Level-N.cus" that you may modify according to your own wishes (see
hereafter). You can also directly open a set of restrictions that you have
previously defined.

Setting a restricted workspace is done from the "Parameters / Workspace /
Restrictions / Change" command, which gives you access to the following
workspace parameter window:

¥ Galaad / Restrictions of use |
File Machine Edit Design Display Text Parameters Help

= + SR L i |a| : | : | Disk access ’
Iy {' Parameter access ’
Cj Maximum values :l

Drag and drop the icons you wish to enable

Open

Save

il

Cancel

Al all I Delete al |

When you select this feature, Galaad disappears and is replaced by a new
screen for configuring the functionality. This screen has the same menus and
icons as the main Galaad screen, plus some extra buttons giving access to the
additional parameters.
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It is possible to save a set of restrictions from the workspace parameter
window, using the "Save" button, and of course"Load" to restoreiit.

EZY uachine Edit Design Dis To remove access to a particular command linein
=l - amenu, simply open the menu and uncheck the line
:%::: N Culis by clicking on it. For example, if you want to remove
AT, the "New file" command from the "Fil€" menu, click
—:?;i‘::: & 'l on it to remove its tick. When you return to the
ST — normal design screen, that line will have disappeared
Gltal t. from the menu.
Elapsed time. ..
v B If al the fl_mctions of a sub-menu are deleted,
v Export Galaad automatically deletes the parent line from the
v Ext Galaad main menu, so that you do not have a line that opens
plicxeniliics into an empty sub-menu.

The only menu lines that will be visible are those preceded by atick or
ones which open into a sub-menu that is not empty.

It isjust as easy for the design icons. The configuration screen displays
two matrices, one above the other. When you click on one of the main icons
down the left-hand side, all the fly-out iconsin that group will be displayed in
the upper matrix and in the default layout. Simply drag and drop the icons
required into the lower matrix, choosing which square to place it in. This
feature can also be used to rearrange the standard placing to suit your
personal preference.

Galaad does not suffer from agoraphobia and consequently insists that you
do not leave any squares empty in your personal icon matrix. Moreovey, it
will natice thisimmediately and mark any offending squaresin red. If you try
to leave any squares empty (and consequently red), Galaad will object and
refuse to accept that layout. The result must always be a complete rectangle
without any empty squares. Because of this you can arrange the iconsin a
variety of formats and may have to add an extra icon, perhaps the one you
hate the least, to compl ete the rectangle.

When you are happy with an arrangement, simply move on to the next
item or press OK if you have finished, but first let us look at the buttons that
provide access to the other restrictions.
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The yedlow disk access button opens a
dislogue box that allows you 10 control the 5%
access permissions for all disks seen from the E Erae ieares
workstation, including network units. This o e fetics

covers not just local disks, but also mapped - Wit
netWOfk drIVGS as Wd I . ¥ Enable directory change

¥ Enable file opening
¥ Enable fils saving

¥ Enable file ayerwiting

By unchecking the boxes you can prevent -
Cancel

with the master computer, all

access to other directories and restrict read or acces: pernes e e
write access to the drive.

Asit says in the dialogue box, should there be a network failure, then all
network drive permissions will automatically be transferred to the local hard
disk. Refer to the chapter specifically on "Using a Network" for more details
on that matter.

Paramcter access The green parameter access
button calls up a dialogue box that
controls a usar's rights to modify
certain key features. The top one
allows you to prevent the pseudo
icons being displayed that show the
"snap" features provided by the func-
tion keys.

™ Display top function keys
[¥ Use reduced diclog boses

¥ Ask for password to access restriction changes

¥ Allow Yool change
I~ &llow tool parameter change
I~ &llow CMC machine parameter change

¥ Allow machining parameter change

Several dialogue boxes with reduced features exist as an alternative to
the full versions and contain less parameters to be set. These reduce the
complexity of choice and make it easier for the user to learn how to use the
software. Not al dialogue boxes have such an alternative, only the most
complex ones, such as the sdection parameters, the tool library and the
machining module.

Checking the Ask for password to access restriction changes box
prevents modifications being made to any restrictions imposed, unless of
coursg, the user knows the password. When installed the default is "galaad”
(upper or lower case, it does not matter). Keep the following important
information to your salf; if you lose your password, it can be found in afile
named PASSWORD.TXT in the Galaad installation folder. Find it using
Windows Explorer and double click on it. That's all thereisto it. However, if
you have also lost this manual, all you can do is reinstall Galaad, but you do
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not know this, as you are no longer able to read these lines. Welcome to the
other side of the mirror.

The blue M aximum values button x|
opens a dia|ogue box allowi ng you to i Stamn.g material dimensians
impose various limits that the user ~ ™ l': g = 4
can enter when inputting numerical L em . mm | B
values. These cover the size of the S
board and the machining charac- I
teristics of objects, plus a Z limit for Mesimun foeding spesd - [100 s
the WOI’kpi ece origin to prevent Zimitfororgninake: [ mm Cancel
accidents with tools.

Don't forget that you can prevent any tool from being used, other than the
current default, by selecting the appropriate tick box in the dialogue box
behind the green button.

Summing up on the restrictions that can be imposed on Galaad from the
"Restrictions of use" dialogue box:

- Remove unwanted functions from the menus. Only lines that are
preceded by a tick are displayed. Lines that would open an empty sub-menu
are automatically removed.

- Configure the design icons. With each series of icons the lower matrix
shows which icons will be displaced and where they will be located.

- Define the disk access rights. Controls file access on both a local drive
and a network drive if present.

- Set permission to modify parameters. Controls access to the technical
machining parameters.

- Redtrict dimensions. Limits the range of values that the user can enter.
Using these restrictions it is easily seen that you can construct a very

watered down version of Galaad. Of course, all restrictions can be turned off
in a single hit without losing them, by using the command "Parameters /
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Workspace / Override restrictions'. If you have controlled access to the
restrictions with a password, you will be asked for it. Selecting to override the
restrictions returns Galaad to full strength, which causes it to disappear from
the screen for a few seconds whilst the screen is rebuilt. Don't worry though,
asit will soon return.

Please note that you can also save the x|
restricted configuration using the com-
mands "Parameters / Save parameters’ = e i ]
and "Load parameters’, or send them [
from one workstation to another, using = - Lo
"ParamaefS/ Floppy dlg(/ %’]d" and I¥ “workspace general parameters

¥ “workspace restrictions

" R&a Ve" . A S‘nal I dl al (ﬂue bOX hd ps ¥ MNetwork access parameters

you choose which parameter sets you g::'jtl

. Dol parameters
want to receive and those you want to LT —
reject.
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O Main parameters

Setting up the parameters of your machine tool is one of the most
important parts of configuring Galaad and must be done with the greatest
care. Normally this only needs to be done once and it is unusual to have to
reset these values once the machine is performing correctly. Using incorrect
values will not normally harm your machine, except with very unusua
mechanical configurations. At worgt, it will be happy to sulk in a corner and
totally ignore you, at best it will respond a little and make the odd excusable
silly move.

In order to help you configure your very firss CNC machine, Galaad
provides a reduced dialogue box giving access to the main parameters only,
leaving the finer details until later. It goes without saying that this only
applies to full standard machines that can be found in the list of models
known to Galaad. Use the menu command "Parameters/ Machine / Basic
data’ to find them.

Without doubt the most I
important parameter is the = leitsetn :
model of the machine. Look Model: ||zl Automation N =] !}l
through the doublelist of Corlroller: [lsekauomaiion [=[IC4 | -

known machines until you = .
find yours and select it. For Pot: [None =] [13200bauds =] Detect
the most part the other S

pa‘rarnaers WI” be Ioadaj Range X:|230 mm T (190 mm £ |30 i

aUtomatl Cal Iy NOte that Ballscrew pitch [or inear motion per axis revalution] : |10 M ]
machines are sometimes re- e—)

badged by importers.

The type of controller is usually governed by the model of the machine,
however, some types of light weight machine can be used with a variety of
different CNC's. If in doubt check both the equipment and its technical
information.

Moving directly to the frame at the bottom of this window, the physical
characteristics of the machine can be set. These depend on the machine's
model but bear in mind that they can, and do, change with time, so check the
technical data supplied with your machine (if any...), and especially the pitch
of the ballscrews. If this value is set incorrectly then the machine will work
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almost normally, but all movements will not be of the correct distance and
speed. Too small a figure increases the values of the co-ordinates sent to the
machine and consequently the size of all movements. Conversaly too large a
value reduces the size of all movements. If your machine is not actually fitted
with ballscrews, and not even basic screws, then this value corresponds to the
linear distance that each axis moves for one revolution of its drive motor. In
the case where the axes have different values you will have to use the
"Parameters/ Machine/ Full data" option.

Communication between Galaad and the CNC takes place through a cable,
which takes commands from Galaad to the CNC and returns data or
acknowledges back to Galaad. Most machines use serial communication, in
which case you plug one end of the cable into the machine or its CNC and the
other end into a free serial port on your computer. Some PCs are ill
equipped with two such ports, labelled COM1 and COM2, of which one may
be used by the mouse. Others have a specific port for the mouse (PS2) and
may have only one serial port fitted. It is essential that you plug the cable into
an identifiable port on your computer.

Note 1. If your PC isfitted with an external modem, then one port will be
alocated to it. If you have to choose between the mouse and the modem,
disconnect the modem, as Galaad needs the mouse. In this case you can
always get a switch box which will allow you to select either the modem or
the CNC asrequired, but not both at once.

Note 2: Once again, don't confuse a 25 pin serial port with the |2
paralld port, which isfor a LPT printer. The parallel port is always a
DB25 female (in relief, but with 25 little holes), whereas a serial port
is always male (hollow, but with 25 little pins). If in doubt, plug in
your printer and see what’ s | eft.

Note 3: Talking about parallel ports, don't plug Galaad's protection key
(dongle) into the serial port linking the computer to the machine. The
dongle must be plugged into the parallel port (Centronics port, LPT or
printer port) or the USB port whatever configuration of machine you have.
The printer cable is then plugged into the dongle, which is totally transparent
as far as a printer, Zip drive, scanner or any other paralle device is
concerned. If you are using Windows NT/2000/XP or a USB dongle, then it is
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always necessary to use a special driver. Jump back to the chapter covering
installation for more details.

The serial communication protocol takes the transmission speed (also
referred to as the baud rate) into account. Generally this speed is set by the
CNC and the software is adjusted to match it, rather than the other way
round. Do not change this speed unnecessarily, as increasing the speed is not
going to save you any time. In fact, higher transmission speeds are more
susceptible to errors caused by airborne eectrical interference. On the other
hand, if you experience transmission problems because of a long cable or a
hostile environment, (large motors, saws, neons, arc welders, etc.), reduce the
baud rate on both the CNC and Galaad. The following values are given as a
guide to the maximum length of cable that can be used in a "normal”
electrical environment (courtesy of Cisco Systems):

2,400Baud? 60m 4,800Baud? 30m 9,600 Baud? 15m
19,200Baud? 15m 38,400 Baud? 15m 57,600Baud? 7.6 m
115,200Baud? 3.7 m

That’sit for the serial port. If your machine is connected to a paralld port,
things are much simpler and you will be able to use your modem whilst
machining. On the other hand, it will be more difficult to print when
machining.

Important: If you do not have a machine connected to your work-
station, set the communication port to " None" .

The next pages refer to the complete parameter set of the machine, which
you can logically access through "Parameters/ Machine/ Full data’.
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O Table

Don't proceed beyond here until you have read the information given
above which will not be covered again. Check that the necessary connections
have been made to your serial (or parallel) port and that the dongleis plugged
into the parallel port. The basic machine parameters have been set a fortiori
to the full parameters described below.

The complete machine parameters are accessed via the menu command
"Parameters/ Machine/ Full data"

20 This command opens a
Table | Contm\lerl Sp\ndlel Speedsl Advancedl Inputts / Dulpulsl multl - e dl al ue bOX
. Iti-page dialogue box,
: which contains al the
Model . | Isekéutomation S B =l [ . . .
| information relating to the
e [t 2] i machine, CNC  and

Uszable range

spindle. You will find the

» 230 Y190 mm Z: |90 mm ‘ .
( basic parameters, as
Ballscrew pitch [or linear motion per asis revalutin] .
( o o ol T ‘ alre_ady. discussed above,
T buried in a mass of more
’7 x |4EIEI T |4UEI Z: |4EIU pulses / axiz revolution Complex data.
Extra axes or special axis
Ellh axis o ILa the & avis j Resolutian : |8571 pulses ¢ axis revalution Don't panl C at Iw
o1 special ]
Bth awis - INﬂn existernt ﬂ Resolution I pulzes ¢ avis revolution not ya., as We WI I I go | nto

- the details of this and the
1_&me || penny should drop.

Moving on from the machine's model number, set in the basic parameters,
we now have to provide some additional information, this time the actua
number of axes. Most machines in the list have 3 axes XYZ, but some
specific configurations can't have more than 2 axes, and others have a 4"
turning axis A or a double master-save axis, or even a 5" axis B. Refer to the
technical information provided with your machine and, if in doubt, choose 3
axes which is quite enough.

The usable range represents the maximum travel of each axis, the
combination of which defines the maximum working envelope of the
machine. We have seen in the basic parameters the ballscrew pitch and the
conseguences of using the wrong value. If your machine has axes fitted with
different pitched ballscrews, then they must be set here. The motor steps
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specify the number of pulses that the CNC must produce for a stepper motor
to make one revolution, or in the case of a servo motor the number of pulses
returned from the encoder.

The bottom frame is for defining a fourth axis (and even afifth), if oneis
fitted, which can have one of three possible configurationsin Galaad. A rotary
axis parallel to either the X or the Y axis, the same for the Z axis, but for use
with a knife blade and finally as a dave axis, alowing there to be two
actuators on any of the three main axes. The pulses per revolution of the
motor or encoder can be specified independently, as with the main axes. Very
frequently asked question: most Isel machines have fourth axes with 6571
(400 x 16.42857) or 19743 (400 x 49.35873) pulses/revolution, depending on
the modd.

&5
&5
&5
&5
&5
O Numerical controller
21 The next page allows
Table cunt§|5r|5pm|e|5peeds|Advanced|\nputs/uutputsl the CNC to be specn‘led
f and the parameters for the
Tope  [isekbutomation |7 IMC4 =] Mo | ‘l: serial  communication to
I™ Local memory IV 3D irterpolation ¥ Circular interp. Er-"i be St if used.
- Commurication
Pous oozl oo [ Do | In addition the posi-
Baate: [15200 ] Paitp [rore =] Daiabis:[s [o] sipti=:1 ] tion of the machine's zero
Flowecontal [ £15 RTS [Nul =] [ psk OR[Nl =] T sonaet point (a|&) caled the
- Reference move / Mashine zem datum, home point or
Saimaet [sonen 3 e || reference point) has to be
Sequence : [2ra8 | I eve [ = minutes specified  along  with
T g Duinaret move, [onasie =] owputstt details of how and when a
reference run should be
—|[ e | performed.

The model of the CNC will normally be set based on the type of machine,
whose details have already been entered. However, some types of light weight
or custom built machines can use a variety of different controllers, in this case
you must specify what typeit is yourself. In addition some controllers can use
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memory car dswhich act as a buffer and are also used to provide alocal store
of motion profiles that are repeated periodically. In this case, you can choose
not to use this buffer and let the machine take each movement directly from
the software. Thiswill result in the movement being continuoudy interrupted
by the transmission of the data and consequently rather jerky. If your CNC
has a memory card, then it is best to use it. If it hasn't, then it is useless and
even hazardous to pretend the contrary. It will not work any better. On the
same lines, trying to improperly increase the size of the buffer memory will
lead to errors during automatic processes. Change this value only if you are
absolutely sure.

It is possible that your CNC is an old moddl that cannot move three axes
simultaneoudly, in which case Galaad provides the option of only inter-
polating the X & Y axes and stepping the Z axis, but you must then uncheck
the XY Z interpolation. Likewise for circular interpolation, if your machine
is not able to produce arcs from a specific single command. These features
depend only on the actual controller and not the mechanics of your machine.
Unless you have a specific reason, stick to the default values pre-programmed
into Galaad.

Communication with the CNC is via either a serial or a parald port,
which has to be specified. Refer back to the basic parameters for information
on serial communications. If your computer is not connected to a machine,
select "None" instead of a port, which will redirect the machine commands to
afile of your choice.

When using a serial connection, it is essential to set the parameters for the
communication protocol. The parameters in Galaad have to be set to match
those of the CNC, rather than the other way round. Refer to the technical data
for your CNC to find the correct parameters. The most common configuration
is 9600 baud with no parity, 8 data bitsand 1 stop bit. Isel machines that
use the IMC4 are usually set to run at 19200 baud. Do not touch the flow
control parameters unless you fully understand how the communication to
your CNC functions. Here again, playing with parameters brings more pain
than pleasure.

The most important item in the reference move frame is setting the
position of the machine's datum point. It is assumed that, whatever the
machine looks like, the Z axis zero point is always at the top of the travel, i.e.
with the tool fully retracted. Yes, even in Australia. The X axis zero point is
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usualy to the west, or if you prefer to the left, viewed from the front of the
machine. However, the Y axis can have its zero point to the north (the back)
or the south (the front) of the machine, depending on the model. Simply
power up your machine and give it a reference run to see where the datum
point is situated. This parameter will also be updated automatically when the
machine model is changed, probably not a very common occurrence. The tick
box immediately below controls whether or not Galaad warns you before
making a reference run. For safety reasons it is always preferable to have this
feature enabled.

® €—  Extremely important: the position of the reference point
T consequently gives the general orientation of the machin€'s axes.
This parameter has a huge importance in the machine drive to
define the basic geometry. For example, if you have a Y axis that
seems to move in the reverse direction, change here the
l north/south position. Reversing the axis with the available flips in
| the advanced CNC parametersis usdess is such case. If you have an
@ <€— cxiernal driver program, this parameter has no effect.

When a machine is fitted with stepper motors, it is sometimes necessary
for peace of mind to reset the position of the axes by performing a reference
run. Galaad does this automatically if the machine loses power as it then no
longer knows the position of its own axes, however you can choose to make a
reference run at more frequent intervals if you so wish. In fact, if your
machine is really losing steps, perhaps there are more important parameters
you should check, and not only in Galaad.

Before we forget it, a discrete but no less important button Mare...|, situated
to the right-hand side of the controller type, gives access to special parameters
of the CNC dectronics. Selecting any particular controller pops-up the same
dialogue box that applies to a given type of machine. These special para-
meters are described hereafter.
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O AxeMotion controllers

AxeMotion cards are i
usually destinated to persons Nm_w w | 1 ]
who build them-sdlves their Pl k" sgndl crvas [~ % T % [ 2

EEER

. e RN EJE LRI EI KA T
own machine, but have been S sensmey T e ket [ Hat

integrated into  severa T
existing tables. Cheap and £ U pelte N o] v ki

very easy to integrate, these = pusiwen: finwi =

USB controllers  provide =
really advanced perform- =~ TR i
ances. Their parameters are i:':::z. 3'"‘“3"2'3 : 3'““’"Z'j
common for al AxeMotion ' S-S =

P RN TR T H‘ wrablad [HO] X
cards, including the "Pulse- gm-mlﬁ "%f i]
Box" which has an extended R e s
page for fredy assigning the s 14/ b i gl i
pins of the output DB25 T Ko chachig ed sl g
con-nector.

It is possible to preset the status of outputs at boot so these outputs will
be enabled when the card is plugged even if Galaad is not running. A binary
input can be reserved to check any error signal that feeds back from the
power stage, from positive end switches, or from any generator. If thisinput is
enabled (or disabled depending on your settings), the CNC card stops motion
immediately and Galaad aborts the milling process. Thisinput is an optional
parameter.

The reference run on AxeMotion cards is managed by Galaad from the
controller's low-level functions. Consequently, it is neces-sary to indicate the
inputs that correspond to rapid approach switches (XY near-end switches for
large machines) and zero end switches, with their trigger state (normally open
? input set to "enabled" / normally closed ? input set to "disabled"). It is
possible to add a small shift value relative to the contact points so that the
machine at its absolute zero does not touch the switches. Furthermore, X and
Y runs may be driven simultaneoudly in a diagonal line to save time, with a
final run of one axis at atime.

Other parameters are very classical and commun for all CNC cards. Most
of them are related to your machine (motors, inertia, etc.).
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O SM-Motion 300 & 400 controllers

SM-Mation control racks or x
cards offer a wide range of | Ccosiwaion S
I~ Enable speed overide potentiometer L,’;"‘"‘
pa‘rarnaers that are uw by ¥ Use GE2/GE0 fast passing mode: 5"_- y
Galaad Only Whm thw al‘e MNumber of inputs : l@ Murmber of outputs E \F.r-' .:',
.
enabled. If your machine has | iatons
bw] Conflguraj at the f&tory or gDnvemodeo F‘SU,lﬂ_IT ¥ Spin direction -> F‘T_lﬁ
. . . v Stop atE1-» PS2, (00 ¥ Halt at E3 + P53, |00
when installed, perhaps it is ¥ Special command > P10, [0
better to leave them unchanged, x vz & &
H ¥ A -> Number of digits |2 2 2 2 2
or a least those concerning [ B Gearfactor  [10000 [10000 (10000 1000 [1000
advanced controls. V¥ C-Gearfactor2  [4000 [2000 [+000  [rooo  [icid
I~ D Drag anor 70000 [10000_[10000 _[10000 _[10000
) I E > Stait/Stop ramp [S00000_[500000_[500000_[1000000 [1000000
If your machine is fitted with I':;> D N N N C
. . -> Shart/Stap freq.
a speed override potentiometer [ H» Software';miti 000000 100003 [1000000 [3200000 [ 3200000
indi i I 1 > Softwarefiit-[100000 100000 [100000 320000 [3Z0000
y(?u must indicate I_t here, aong I > Max, speed 200000 [200000 [200000 [200000[200000
with the number of InputS/ outputs [¥ K Homngspeed  [2000 [2000 [2000 2000 |20
: I L> Standstilcheck  [1000[1000  [100 [ioo0[1000
that are avallable from the [~ M - Inposition window |5 5 5 3 3
hardware. Galaad can manage a I N> Switch cleaance. |0 0 0 0 0
. . I 0> Diive mode i [ [ [ [
maximum of 32 inputs and 32 I~ P dsisdiction |1 0 0 0 0
which Id be quite =
outputs, o shoq d be q — ot |
enough for most applications.

The famous G62/G60 passing mode of the SM-300/400 allows the system
to chain vectors without stepping through an intermediate null speed. This
gives very nice results for non-circular curves. Galaad then pre-calcul ates and
optimises the whole trajectory kinematics. It is much better to leave it enabled
unless you experience obvious problems when milling. Please note that this
function is of no useif the local memory buffer has been disabled.

Mogt initialisation parameters are preset at the factory and therefore do
not require any changes, except parameters "A" (number of digits after
decimal point, which must be set to 2 for all axes), "B" & "C" (gear factor to
convert distance unitsin pulses), and parameter "K" (speed for reference run).
It is probably better not to touch the others, except if the provider or a
qualified technician tells you to. Only enabled parameters are sent to the
machine, provided that the option "Send parameters to CNC when
initialising" isticked (see "Advanced" page hereafter).
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O Soprolec " InterpCNC" controller

The  "InterpCNC" card, =
developed by Soprolec and avail- Hakeromisd -
able fully mounted or as a kit, is Do s fmeb
to date one of the most popular " Tg ) ==
controllers for the hobbyists who s s et o]
build themselves their own ma- L mem
chines. This card communicates okt s b | TSR]
through a classic RS232 sid

o

port which usually accepts good m“x'_“ T
quality USB/Serial converters. sk z:,—j% o
Zowt: rou H[F e pin =]
Mogt of the parameters that T | E]
concern the "InterpCNC" card are ™ Sinchnia 4/ mbmenca i Hisgeil

very classic.

The Start/Stopfrequency and the accélération are determined by the
mechanical characterisctics of your machine (inertia, power and gear factor of
the motors). Therefore it is not possible to give any typical values.

The motors enable output helps when the power stage provides an
ENABLE input that cut the current when the machine is not moving. This
avoids motor overheating when not used. This output can also be used with
the other parameter output status at boot-up that determines which output
must be enabled when the card is powered-on, even before communicating
with the PC.

A binary input can be reserved to check any error signal that feeds back
from the power stage, from positive end switches, or from any generator. If
thisinput is enabled (or disabled depending on your settings), the CNC card
stops motion immediately and Galaad aborts the milling process. Thisinput is
an optional parameter.

The "InterpCNC" card manages itself the reference run, provided that
you have indicated the inputs that correspond to rapid approach switches (XY
near-end switches for large machines) and zero end switches, with their
trigger state (normally open ? input set to "enabled" / normally closed ?
input set to "disabled”). X and Y runs may be driven simultaneously in a
diagonal line to save time, with afinal run of one axis at atime.
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O Solectro SML-33 controller

Solectro SML-33 racks, a bit older but =
gill excellent, do not require many special T —
parameters. You just have to indicate here ¥ Send SPE/SPA code .
whether your hardware is equipped with an e ,'% sotatTro

external speed override potentiometer and
the number of I/O cards.

Please note that the Solectro SML-33 controller always performs the
reference run with X and Y together in a diagonal line. It is not possible to
modify this or drive a one-axis reference run.

O Generic contrallers

If your machine contains a numerical controller that can only receive
commands but does not return usable data to Galaad (for example Gravo-
Graph, Roland or Suregrave), it remains possible to drive it directly in
unidirectional mode for automatic millings. In such case, Galaad cannot
provide manual drive functions since this requires position feedback and
specialised commands. Hence the communication is write-only, from Galaad
to the numerical controller.

But if the machine has a control pane with — CZEIEEE ]
local manual drive for workpiece origin intake, g Fekreosiems > RS Goom)
there is hope yet. Galaad will prompt you to set Bt o oyt doms et ot P
the origin directly from the machine and will be s omie machie o Gasad oo o

download the actual machining process,

then send the commands that correspond to the
milling process to the cable.

"1 aner
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O Spindle
21 The next page of para-
Table | Controller 5pwr§e|5paeds|Advanced|\nputs/uutputs| meters  alows you to
_ f define the spindle that is
Model [Hachine standerd spndie ~][ore| ‘ !‘ mounted on the milling
I Oy start when taol is feeding (laser cutter, waterjet stc.) !7-"* machine, if any, and its
p Gl control system.
Switchon by [enabling @] oupuis#[3 |
Suwitch off by [ dsabing @] oulpuis#[3 I Ritation spaed cantal For most applications,
Runup delayp: [T < Laserpausss: on [0 /o I e the Spl ndle is SImpIy the
- Commurication standard model that is
el || = [N provided with the table.
Baudrate: [5500 =] Paiiy: [ <] Databits: [1 =] Stentits: [T =] But it remains possible to
Floweortol: [~ £75 RTS [Hl =] 1 05 DTR[HU =] T sonsder use a chosen customised

system with alternative
—tmi= || control.

The top box displays available spindles known to Galaad. Since some
tables are not provided, especially for milling tasks, perhaps the mode you
have does not appear in this list and you may therefore have to define it
yoursdlf. If in doubt, always select the standard spindle that is associated with
the machine. Please note that changing the machine or controller in the
previous pages of the dialogue box resets the spindle to a standard model.
However it is more than likely that if you change the machine, the spindle
will be changed too.

If your tool head is actually a laser or water jet cutter or something
equivalent, you can only start it when the toadl is feeding and switch it off
when thetool is supposed to berising. Thisisrelated to special configurations
that you have to check with your machine provider.

Predefined spindle models are controlled either through a binary output
that is available on the controller hardware or via a dedicated communication
port. In both cases, you can define associated parameters, i.e. select an output
and a binary state for switching on and off. It is possible to select different
outputs for one command, for example the output n° 12-2 actually
corresponds to outputs n° 12 then n° 2 switched successively. You may
indicate up to four successive numbers for one digital switching. This
remainsvalid for all binary outputs.
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A delay can be set for the spindle run up, that isthe time it takes for it to
reach full speed. Galaad likes to use time efficiently, and will make good use
of this delay by moving the spindle to the start point of the first object. It will
then wait patiently, if necessary, for the spindle to finish accelerating before
descending into the material. If the spindle is activated during the feed phase
only (laser cutter, water jet or liquid dispenser), this delay occurs between
cutter switch on and feed move. In such case, the two laser pause values
define an extra delay after enabling (i.e. before starting feed motion) and
before disabling (i.e. after ending motion). The difference with the above
mentioned run-up parameter is that these two delays are not used if the
spindle is a classical one that remains continuoudy active during the whole
process. In this case they are greyed.

Galaad is able to drive the rotation speed of ~EEEE X
a tachometric spindle, if it is connected to a I
control system through an analogue data = swes: [CLEF-IELE]E1E] =

channel or similar. Several special parameters BT e
must be set in this case. - R

Spindle rotation speed is normally predefined for every tool. However,
when starting the spindle in manual or automatic mode, a dedicated window
will pop-up to allow you adjust the speed. Note that the system controlling
speed (analogue, PWM or multi-outputs) and spin direction does not override
the binary outputs that have been set for power on/off. Consequently these
outputs remain valid with such spindles. If you do not wish to use them
because they are redundant with the rotation control system, then just delete
the corresponding output numbers or set them to zero.

In the case of a spindle with a rotation speed control system (see hereafter
the possible channels depending on your machine), Galaad can even drive a
progressive run-up to avoid overloading the electrical power supply. This run-
up islinear and can be set in rpm-per-second. It is of course subtracted from
the run-up lapse.
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O Tachometric spindle on analogue output

‘Analog output spindle control

- Rotation directian

[ Start clockwise -~ outputﬁl enabled 'I
[ Start counter-clockwise > output # enabled ¥

Floor value 0 caresponds to a speed of |0 pm
Ceiling value 255 conesponds to a speed of (50000 pm

- Speed contral
[V Resel D/A converter to zero at spindle switch-off Scale
% linear
V¥ Perform a progressive un-up of (5000 1ps  logarithm

™~ exponential
1~ square root
" square

If an 8-bit analogue
output is fitted to your
numerical controller,
Galaad should be able
to control the spindle
rotation speed by
addressing directly the
D/A converter with a
calculated value.

At the top of the window, you can indicate the corresponding outputs for
the spin direction. Obvioudly these outputs may replace the standard switch-
on / switch-off outputs. Spindle standard defines as a positive speed a
clockwise rotation speed (most tools turn right), and a negative speed if it is
counter-clockwise (trigonometric). It is possible to indicate a negative speed
in tool parameters and when adjusting this speed before the launch of the
milling process. The extreme values of the speed range must be indicated
here, and also the scaleiif it is non-linear.

O Tachometric spindle on PWM output

PWM output spindle control

- Rotation directian

[~ Start clockwise —> output # enabled ¥
™ Start counter-clockwise > outputnl enabled 'I

r~ Speed control

P frequency : IBUUD Hz

Reset frequency ta zero
= at spindle switch-off

* linear
" logarithrn
" exponential
£ square oot
£ square

Scale

P floor value : JO %

¥ Peiform a progressive wun-up of (5000 1ps

Floor value D% of oycle corresponds to a speed of [0 pm
50000 | rpm

Ceiling value 100% of cycle coresponds to a speed of

N
S

5]
5]

oK

Cancel

x|

If your  numerical
controller contains a semi-
analogue output that is
based on a PWM signal,
then Galaad should be able
to control the spindle by
directly addressing the
PWM timer data. Most
parameters are identical to
those for spindle control on
an anal ogue output.

PWM signals use a single output bit that consequently works in 0/1 mode,
but this square signal is time-dliced according to a given frequency. The
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percentage of the high state compared to the total period gives a pulse relative
width, from 0% (no high states) to 100% (full-width high state). A small
integrator circuit can convert the pulses into an analogue signal, doing so
with only one output bit.

PWM floor value is the percentage of pulse width that corresponds to the
minimum voltage when the spindle motor just begins to turn. Galaad will
consider that the speed range starts from this value (and not 0%) and
obviously ends at 100% of the signal.

O Tachometric spindle on multiple binary outputs

If your numerical x|
controller has nether an — Rotation distion
anal Ogue nor a MNM OUtput [ Start clockwise —> output 8 [10-11 Ienah\ed - ! %
¥ Start counter-clackwise —> outputﬂlwlm é T

but provides a wide range of
binary outputs, then it is still | | Sesedeonual
possible to control the spindle Resaluon |3 bis Mok E e
rotation speed by switching LI U (L7

Bitn® 11 > output #

Soale: (* linear

several outputs that must be | eri0-> st -

. Bitn"9 > output # square ool

linked to an externa D/A | gie o o F paren
Bitn®7 > output #

converter. Bitn'E 5 output# [enabled =

Bitn*S - output #

Since an analogue output Bis o s
is actually an internal D/A Bin'2 - ot
converter, most parameters | o

. . . ¥ Pertorm a progressive run-up of W ps
reman Idmtl Cal to th0$ for a Floor value 0 coresponds to a speed of lU_ M
q)l ndl e COntl’O' On an Ceiling value 255 coresponds to a speed of W e

analogue output (see above).

Cancel |
v Reset all bits to zero

at spindle switch-off

A

You can set the number of bits that will drive the DAC (1 minimum, but
do not expect too much of an analogue signal in such case; and 12 maximum,
which gives a fine resolution for most cases). Corresponding outputs do not
need to follow one another in a sequenced list. You must assign an output
number for every bit that defines the analogue signal value. Galaad will then
calculate the pattern of all outputs that represent the binary digits of the
digital value, which produces the required rotation speed.
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O Programmed sequence of commands

Galaad  offers x
the possibility to Statsequence | [ Stopsequerce |
: ; DAL 255°<RPM>/10000 R QUTPUT 1 OFF <
dive into the QUTPOT 30N 4 QUTPOT 3 0FF -
. PAUSE 1000 DACD
computing code DAC 255
QUTROT 10N

and program the
sequence of com-

H LI ﬂ Cancel |

mands for swit-

i Aailable commands :
Chl ng a Cuaom - OUTPUT 1 OM -+ Enable binary output #1 [OFF to disable).

H - DAC 255°<RPM: /50000 -+ Set analog output bo 0-255 depending on RPM value.
SpI ndle yOUdef, by - FW/M 100°<RPM>/50000 3 Gt PWM signal to 01003 depending on RPM value.

. . - PAUSE 0.5"<RPM> - Make a pause during N milliseconds depending on RPM value,
us ng a predef | ned - WAIT UNTIL INPUT 1 ON —3  WWait until binary input #1 gets enabled (OFF for disabled)
. . - RUM ...\MyProgram.exe Aigl Aig2 ... = Run extenal program with arguments, and wait until et
| ngructl On ﬁ - START ..AMyProgram.exe Argl Arg2... > Run extemal program and skip to nest instruction immediately.

Galaad will interpret your instructions one by one when starting or
stopping the spindle. This sequence gives access to binary, analogue or PWM
outputs, wait states, and even external programmes. You may use a
mathematical formula and the <RPM> variable for several instructions.

O External control programme

If your spindle is x
Start zpindle
tOtaI Iy unknmNn to ’V Comnmand ling : IE “Dos\SpinChilexs SPEED =cRPM> Browse ‘

Galaad with absolutely
no control channes
available from the

Ratation speed change while milling
’7 Command ling : IC “DaskSpinCirlexe SPEED=<RPM:> Browse... ‘

CNC, but was prOVl ded ’7 Et:rl:r:::dd:;e [CADos\SpinCilexe SPEED=0 Browse ‘ | 0K |
with its own driver —

programme for Win- Mol <REHD> vehiaty [T Cancel
dows or DOS, it should T b ionaa i

Sl I I m pOSS bl e tO “ou may indicate in command lines variable values for rotation speed and tool number, using <RPM3> and <T»
identifiers. Example: "C:\Galaad\Spindle.exe Cw'<RPM>" becomes "C:\Galsad\Spindle.exe Cuw'20000" when

establish thelink. speed must be set to 20000 rpm.

The three commands available are switch-on, change rotation speed, and
switch-off. For each one, you must indicate an external programme with its
own arguments (of course it can be the same executable programme). Galaad
will replace the variable arguments <RPM> and <T> by the actual rotation
speed and the tool number.
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O Custom spindle commands

In the extreme case that your spindle requires a particular
control that remains out of reach but still connected to the
CNC, Galaad allows you to define your own custom codes to
be sent to the controller. The codes lines must be text without
frame characters <CR>, <EOT>, etc., and integrated into two
files named SPINDLE.ON and SPINDLE.OFF (or possibly
SPINDLE.ON.TXT and SPINDLE.OFF.TXT which are more
implicit under Windows). These files must be located in the
Galaad installation directory. Galaad's default codes are
then replaced by these internal codes.

Important: Keep in mind that it is possible to define for each toal, via the
"Extensions’ button of the tool parameters dialogue box, one or several
special outputs for switching the spindle on/off when this tool is mounted.
These special outputs, specific to one tool, preempt and replace the default
outputs for the spindle. Note that default outputs or these tool-dependent
outputs remain valid even if you have sdlected a tachometric spindle,
whatever the model, with special outputs for spin direction and speed control.

~ Origin affzet for this taol
®: |0 Y IEI
v Automatic change Taol changer

Z:IU—

— Special tool head switching

Switch on through output #)12-2

Switch off thiough output #]212  with pauss of ms

with pause of

a

il =5

Cancel
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O Speeds
20 This page of para-
Table | Contioller | Spindle SPE&dS |Advanced| Inputs # Dutputs | meters covers q)ws that
P : are related to the machine
Minimum - [0.1 Maimum [50 mds a8 [ ss [ )
J itself rather than any
Multiply all speed walues by |1 s 1 :
e & specific tool or design.
[~ Miscellaneous
Reference mave : |25 s = rapid maves : |50 mmds Usua“y th% $sz
Zrapidmove down: [50 | mms Zrapdmoveup: [50 mmis are set once and for al, as
Tool sersor approach : [10 mmés Digitizer lowering : |10 s thw are nOt Ilnkaj to any
particular job. They affect
 Ma el neither the feed speeds,
Default speeds ;=Y IZU mmds Z |10 mmes deﬂ naj |n your dw gn,
¥ | Pragressive acceleration, if mation button remains pressed nor the pl unge Or drl I I | ng
speed, set in the tool
i Annuler | I | bral‘y

Your controller is capable of driving your machine over a wide range of
speeds, but they may not be specified. All the same limits have to be imposed
for mechanical and safety reasons and it is necessary to specify a minimum
and a maximum speed, so that Galaad can ensure that they are never
exceeded. These limits can usually be found in the technical information
provided with your machine, but not always. If you cannot find them, then use
the following as a guide. It is unusual to cut slower than 0.25 mm/s or make a
rapid move faster than 50 mm/s, but some large machines may well be
capable of a faster speed. Sometimes travelling too fast can result in a loss of
position and consegquently damage to the workpiece and/or the cutter. Don't
blame Galaad for these errorsif you have been exceeding the limits.

If the speeds sent to your machine are not correct, you can always change
them globally with a post-multiplier, which is set to 1 by default.

The central frame on this page sets the speeds of the various automatic
moves that occur when the tool is not actually cutting material. The
reference run speed is quite simply the speed at which the machine will
move to find the reference position. For the sake of the limit switches and the
electronics within the CNC do not use too fast a speed, as repairs can be
expensive. The literature accompanying your machine and controller may
contain recommendations.
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The XY rapid moves are the horizontal movements that take place when
the todl is retracted to a safe height above the work (the rapid plane) and
moving between machining operations. The Z rapid move down moves are
those that take place from the rapid plane down to a point just above the
surface of the work. The tool then slows down to a speed that depends on the
cutter being used, before entering the material. Therefore this speed, together
with the feed speed, is set depending on your work and the cutter being used.
The Z rapid move up covers all moves where the cutter is retracting away
from the material. Finaly, there are the tool sensor approach and the
digitizer lowering speeds which, as their names suggest, cover the speed at
which the cutter approaches the tool sensor and the speed at which a
digitising probe approaches the workpiece, if they are fitted to your machine,

The two values for manual control set the initial positions of the speed
control dliders that will be displayed in the machine control windows. Pre-
setting here avoids moving speed diders anytime you open a manual drive
window, whatever the mode. Angle speed for A and B axes can not be pre-set
and its default value remains 15°/s.

If your numerical controller offers a speed x|
override function (RM, SM-Motion or TechLF), e B
Galaad may accelerate motion in progress when —— -
driving manually. This can be useful to manage both I Ao dlowed for 2 ais
long movements and accurate approaches without —
having to change the speed dider all the time. e

&

Ticking the progressive acceleration checkbox pops-up a small dialogue
box that allows you to set the delay before acceleration (start speed remaining
the dider speed) and the run-up delay (motion accelerates lowly until speed
is doubled).

Remember that, whatever the speed diders display, you can till move
axes manually at dow speed using the right mouse button, by pressing the
key on the keyboard or by pressing the button #2 on the joystick (default
Setting).

&
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O Advanced Parameters

(x| Now we come to the
Table | Contoller | Spindle | Spesds Advankced | Inputs # Outputs | spare room that contains a
[ Sekgtactos f hotchpotch of machine
Ellulnul ® |1 Y|1 Z|1 ‘E£ related parameters that do
el | R TS not have anywhere dse to
[ Micelaneous . go.
I Flipi ais % othogonally conection: [1 %
™ Flip* asis
P E:ﬁt:}::w Ma. acceleration: [30000 | pubses / It is recommended that
e you obtain a compass
I~ blow sreen savr il rachiing | Tototrgas_| before venturing alone
e into this dark hole. But
I'ZE:::;;‘:::;f;k:vf:jzim ¥ Archive detafiow there again, that is the
B e st |_Edtlastachive | purpose of this manual, so
: follow the guide and stick
1 &= || 10 the path.

Right at the top of this page are the scaling factor s, whose values increase
or reduce the magnitude of all distance commands sent to the CNC or
returned from it, for each axis. We have already seen similar factors for the
speeds, but these only work in one direction, Galaad ? machine, because
these values do not have to be returned as only the software can change them.
These scaling factors are linked very closely to the pitch of the ballscrews and
the resolution of the motors, as set in the "Table" page, and ultimately all
distance values are rounded to the nearest motor step (or half-step, quarter-
step, etc.). Unless you want to correct a micro-error, al scaling factors should
be left at value 1.

Descending further into the cave, you will find on the shelf on the l&ft, the
features to reverse the direction of any or all of the axes, which will tell
Galaad to send negative distances to the CNC instead of positive ones, and
vice versa. Warning! The purpose of inverting an axisisnot to correct the
orientation of axes, for example Y axis direction, but only to change the
sign. To change the orientation, you must reset the position of the machine
zero point in the reference run, at the bottom of the "Controller” page. But
here you can interchange the X and Y axes, to correct an incorrectly wired
machine or if the usual operator position is not facing theY axis. Galaad isa
well behaved application, that can correct other peoplée s mistakes.
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For those who want to supervise the milling process from afar, it is
possible not to allow screen saver while machining, of course temporarily.
Screen saver parameters remain unchanged, but it is not started aslong as the
milling processisin progress.

You can instruct Galaad to send parameters to the CNC when
initialising, in which case, the controller's internal parameters are updated at
each new machining operation, based on what is set in these pages. If your
CNC requires many parameters that have all been st at the factory (e.g. SM-
Motion controllers), it might be better to uncheck this option.

If you have a joystick, Galaad needs to know this so that it can monitor it
when you are performing a reference run or driving the machine manually. If
not, leave this box unchecked until such time as you obtain a joystick,
something that you will not regret. For the joystick settings, please refer
backwards to the chapter "Advanced milling functions’, somewhere in the
section "Moving the axes'.

It is possible to automatically lift-up tool when Z-ok pressed, i.e. as soon
asyou click on the (¥  2-ok ) button which validates a new workpiece
Z origin. Hence the tool will be lifted up to the new retraction point, which is
the workpiece top surface minus the retraction height. This eases the next
operations on axes because you do not have to lift Z up manually, for example
to move XY horizontally towards a new origin point.

The option to chain all Z passes for every object means that all succes-
sive depth pecks that approach final depth will be made one by one before
skipping to the next object, instead of making all objects partially for every
approach depth peck before increasing pass depth (which is default mode).

You may then ask Galaad to bufferise smple drills, provided that your
controller has a local memory buffer that is enabled for Galaad. The
difference is that Galaad does not drive drilling operations one drill at atime
when there are successive drills in the machining sequence, but loads the
locad memory buffer with several drilling operations. If your machine
controller is able to receive the following commands while it is executing the
previous ones (RM, SM-Maotion, Solectro or TechLF), then transmission
delays are masked and you save this time. Real-time operations are better on
other machines.
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To compensate for a mechanical error caused by the X and Y-axes not
being accurately at a right angle to each other, you can use the XY
orthogonal correction factor, after measuring the error. The following
example explains how.

Use the machine to cut out a large rectangle
from any old cheap material, using a cylindrical
cutter. Take a set-square and test the corners,
looking for a gap, or just daylight, between the

| square and the material.

If you see a gap it is because the X and Y axes on your machine are not
perpendicular. In other words it machines a parallelogram when you program
arectangle. After trying a large hammer, consider the possibility that Galaad
might be able to treat the problem homeopathically and effectively. Accurately
measure the gap G, between the square and the material, as far from the
corner as possible, and aso the height H, of the rectangle at that point. As
long as the gap is not gigantic, it does not matter if you measure H along the
board or the square. Calculate G' using the formula, G'=G ? 100/ H and
simply enter the value into the text box marked "XY orthogonal correction”.
Then machine a new rectangle to test the result. If the problem has become
worse, then the correction has been made in the wrong direction. Simply
reverse the sign of the correction and make it negative, i.e. enter -G’ instead
of G'. Thistime it should be better. An alternative method to check for any
error involves measuring the two diagonals of the rectangle that you have just
cut. We will spare you the maths lesson, asit is dightly more complicated and
best |eft for devotees of applied trigonometry. Welcome to the Club.

The maximum acceleration parameter is only for use with CNC's such as
RM, SM-Mation or TechLF, for which Galaad takes care of calculating all the
kinematics of the trajectories. Unless otherwise advised by your supplier, it is
recommended that you leave the default value as set by Galaad, unless of
course you don't mind if the cutter does its own thing on the corners. Ancther
important kinematics parameter for these controllers is the Start/Stop motor
frequency which gives the start/end speed for accelerated vectors. Thisis set
in the controllers special dialogue boxes (see "Controller" pages).
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O The hunt for bugs

Although Galaad is presumed to be intelligent software, nobody is perfect
and it may occur that some wrong operations are made when communicating
with the machine, for example if some parameters are incorrect. To ease
solving such problems, Galaad saves in an archive file named GALAAD.XON,
all data telegrams that are exchanged with the numerical controller, unless
you have disabled the option to ar chive data flow.

If you experience problems whilst driving the machine, you will probably
be asked by the technical support to provide the corresponding archive file.
The operation is very simple: as soon as you get the error (redo it if you have
started another machine drive), close the milling window whatever the
driving module is, and call the menu function "Help / Debug" from Galaad.

Do not restart a manual drive as that =
would erase and overwrite the last archive il
which corresponds to the actual problem. The b e § =
dialogue box allows you to sdlect several T~ Machiing parameter: e
. A H . ™ Pasition parameters
parameter files, including the last archive. PR

Just validate this box and a file named P Lot g o e
GALAAD.BUG will be created and edited.

Canesl |

These files GALAAD.BUG or GALAAD.XON are located in Galaad's
installation folder, and you will probably be asked to send one of them via e-
mail or fax once printed. The GALAAD.BUG file encapsulates GALAAD.XON
plus other filesthat correspond to other ticked checkboxes.

i 001 - File open 12/2/2002 03:55: 00
For the record, the debugglng 002 - Galaad release is 3 - 09/02/2002

file  GALAAD.XON contains the |o003 - isel-Automation / IM4 -> COv
lines of code actually exchanged |90% - Kynon module
during the various phases of the |oo6 - [initialising ong

. . o 007 - 00:00: 00. 651 S> @7
machmmg operan_on. Each line is 008 - 00:00: 00, 651 S @8
given an information header comp- | 009 - 00:00:00.661 S> @B1,1 // Enabl
- ; ; 010 - 00: 00: 00. 661 S> @d 1000, 1000, 100
rnsng atimeteg, i.e. the r_lumber of | 511 - o0 00: 00 61 & @V /] Read ver
milliseconds elap%d since the 012 - ---> Reference run

P 013 - 00:00:00.661 S> @R4 // Homing
Commun'cat'ons_ were opened. _The 014 - 00:00:00.661 S> @R2 // Homing
next character indicates the direc- |[o01s - 00:00:00.661 s> @rRL /7 Honing
thﬂ O.I: data f|OW "g fOI‘ %ndlng 016 - 00:00:00.661 S> @R8 /1 Homi ng
' 017 -

and "R" for Receiving. 018 - [Manual drive]
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O Automatic tool changer

Still in this advanced parameters page, a button alows you to reach the
system that controls an automatic tool changer.

A tool changer, whatever it looks like, rack, barrel, or anything else,
always uses a sequence of automatic commands for moving axes, switching
outputs, waiting for inputs to change, etc. Galaad offers the ability to
program for each tool a pick-up sequence, i.e. the process that will load the
tool from where it was parked and mount it on the spindle, and a parking
sequence, i.e. remove it and store it in the rack. If positions should be
identical, it is more than probable that the set of input/output commands
should differ. But it is up to you to manage these processes depending on the
technical information you have.

x

Tool # |1 3: ‘ u]% |
> Offset = % [0 i Z|o mm
¥ Enable automatic change for that tool Fiun live test...

— Pick-up sequence  Parking sequence
HOME Z =] HOME Z =
SPEED 30 SPEED 30
MOWVE TO X000 MOWVE TO X0 Y100
MOVE TO Z25 MOVE TO 225
OUTPUT 90N OUTPUT 9 0FF
OUTPUT 11 0M OUTPUT 11 OFF
PALSE 1000 FaUSE 1000
HOME 2 MOVE TOZ10
¥ Then perform an automatic measurement on the sensor [~ Danot park taol if it is the last ane in the cycle

Available commands :

- MOVE TO *12.34 Y5678 Z9.01 tove to indicated Y pozition, using interpolated mation (442 optianal]
- MOVE REL 1.23 Y4.56 Perfarm relative motion from current position.

- SPEED 5 totion speed for MOVE TO, MOYE REL and MO%E UNTIL.

- OUTPUT 1 OM Enable binary output #1 [OFF to disable).

- DALC 255 Set analog output to 255

- Pt B4.2 Set Pwh signalto B4.2 %,

- PALSE 1000 Make a pause [no operations] during 1000 milliseconds.

- WAIT UNTIL INPUT 1 0N =
- MOVE UNTIL INPUT 1 OW 212,34 STEP 01 -
- HOME 2

- RUN ..\MyProgram.exe Argl Arg2 ...

- START . .\MyProgram.exe Argl Arg2 ...

Wit until binary input #1 gets enabled [OFF for disabled).

Move Z ta position with stepz of 0.1 mm, but stop if input #1 gets enabled.
Dirive a reference run for the given axis [one single axiz at a time).

Flun exsternal program with arguments, and wait until program exits.

Fiun exsternal program and skip to nest instruction immediately.

B R RV R

Manual control will help you find the right positions, input & output
states. Don't forget that the "Refresh” and "Loop" buttons allow you to check
inputs and clicking on outputs changes their state. A good preiminary
manual driveisworth any teach-in session.
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O Inputs/ Outputs

2x|  The last page of the
Table | Contialler | Spindle | Speeds | Advanced Inputs /[}TU‘DUIS | machine pararnaers allows
r Standard inputs - H H
R —— i the functions of the binary
n B [/ inputs and outputs to be
ool sensor on inpul = | disabled ¥ ep i [} . .
- ' configured for use with the
B Ec‘t I 5 \ custom peripheral devices
aolant [oif ~] on autputs enabled |~ - .
‘whorkpiece clamp on autputs # enabled =) your appl | Catl On ra:ll'" rS
Manual drive lamp on autput # enabled ¥
15t pass cleansr on output # enabled j Gal aad SNI tch6 the
Abort machining if inputs # enabled | ¥ . .
Pause machlmnz if \nsutsn enabled z OUtpUtS at VaI'IOLIS |OgIC8|
Redo machining if inputs i enabled ¥ Sag% Of the machl nl ng
s, || | e, | process to allow the control
Several input or output numbers may be indicated far ane item. Of th% am' atw da/ICS
Examples: outputs $#12-2-9 (#12 and #2 and #3) ¢ inputs # 14-1-7 [#14 or 1 or #7) and al w reaCtS tO the
T amin || triggering of inputs.

The top frame indicates which inputs refer to the machine's periphera
devices such as the safety door or the test key (keep in mind that you may
enter several numbers in this edit zone), and the tool sensor if any. For
certain numerical controllers that are unable to perform a continuous motion
until the sensor input is triggered, indicating a step becomes necessary. Then
the tool will descend by segments of a corresponding length until the sensor
state changes, and a dichotomic search for the trigger point will follow.

From this page, you may manage output switching that corresponds to
simple events such as atool cooling system (continuous or only when the tool
is down), an automatic workpiece clamp that will be activated from
workpiece origin to the end of the automatic process, a lamp for manual
controls, and a chip vacuum cleaner that stops at the end of the first pass
(the vacuum cleaner may of course be connected to the same output as the
spindle to keep it active for all passes). Obvioudly, you can use more exotic
peripherals on these events.

The bottom frame provides the facility to automatically abort machining
if a designated input changes state. In this case Galaad terminates the
machining operation, stops the spindle and returns it to the park position. If
you need something a little more drastic, simply kill the power. On the other
hand you can arrange for a pause in the machining operation when an input
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changes state, in which case machining will be resumed when the input is
returned to its original state.

However, it is not possible to continuoudly quiz most controllers regarding
the state of their inputs during normal operation, so these events are only
checked when the tool is retracted. Galaad checks the state of the inputs just
before plunging the tool into the work, hence it is not possible to interrupt the
operation when the tool is down in an active cutting position.

A final input can be checked, this time when the tool cycle has ended
normally, to redo the same process automatically when the input is triggered.
This input may be connected to a button in front of the machine that avoids
going back to the keyboard or mouse.

O Extended inputs/outputs

Galaad manages more input/output related events than appear on the
standard parameter page. When you click on the "Extended inputs/outputs’
button, alarge window appears on the screen:

Extended inputs/outputs ll
r Special input

I Touch-suface sensoron input 8 [ =3[enabled = Final lowesing by steps of [17 mm |
Upper margin, above thearical surface point : |1 mm Lawer margin, below surface : |1 mm Cancel | é B

i Peripheral device commands

¥ &t machining start, W otpLt ﬂld—, pauselD— ms ; wait for inputﬁl—lm [timeout {10000 ms]; |ensble | output.
I™ &t surface touch, W oulputﬁl_, pauselﬂ_ s wait far inputﬂl_ enabled * [limeoullw msl: |enable v | output.
¥ &t driling end, lm output NW, pauselﬁ s wait far inputﬁlvlm [timeout (10000 ms) : |enable = | output.
I atfesding stant, [t =] ouput#]  : then.after [1 msfeeding, [ernable | output

I™ At feeding end, Im autput iil_ at point located IEI_ ms befare end ; m output at end .

' Betaore littup, IM output alﬂ, pause ID_ ms ; wait far input ﬁl_lm [l\meoullw ms] ; lm autput .

I~ After liit-up, M output ﬂl_; pause IU_ ms ; wait far input ﬁl_lm [timeoutlw ms) ; Im output

I At machining end, lm output ﬂl— : pause IU_ ms ;. wait for input ﬂl—lm [timeout IW me] ; W output
WV tdtetool parking, [dissbie ~| output #[4 pause [0 | s waitforinput#] | enabled 7] (tmeout 10000 ms): [disable > ] output
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If the workpiece thickness is varied, it is no less possible to obtain depths
that become relative to the actual position of the top surface that has first been
touched by a probing system. For any path to be drilled or milled, the tool first
descends to the theoretical position of the top surface minus the upper margin.
Then the contact point is approached with the sensor. The milling depth will
be relative to this Z point. Contact is seeked until the theoretical surface plus
the lower margin is reached. Thetool will not plunge any lower.

The main frame has been designed for automaticians. It alows you to
switch outputs during the different milling phases. This covers the whole
milling process from start to finish, including repeated events, i.e. drilling,
feeding and lift-up. You may switch outputs on these events and switch them
back or keep them as they are, add pauses or wait for input changes. The two
lines "At feeding start" and "At feeding end" add intermediate switching
points on the path, positions which are calculated from the feed speed. This
can be useful for glue dispensing.

O Local manual drive

If your machine offers a =
dag’]board that |S Conn&taj v &llow marual drive from local inputs E;
to the binary inputs, then P gt (e =] enobled =] vigers 701/ st 7] o
you may a$gn funCtIOnS to 72 Inputnlﬁlenablsd | triagers [Move Z- =l T T
these inputs and Galaad will P sl Sfried o wmes oz =) =

p . L] Inputﬁl@hnahlad j triggers |ane e j
permanently scan inputs ™ tnpur 0 = [ecbiad =] wiagers [ = El —
Whm n manual COﬂlTO| . ] |npum|E|enahlad ﬂ tiiggers Iane Z+ j Ok
Usual commands are motion ™ trpuc [T S [enasied =] viages [Lanspzed =]
of axes and miscellaneous ™ o]0 Hfersied Jvogoe foer 7 ]

. I Input #]7 =} [ereblea <] wiggers [-ak | Cancel
contro_l items for all manual Wi o e =
opgratlons. The |_IH ) of I Input #f0 =] [enebled ] tiogers [Z-0k 7 Gt =]
assignable functions is fixed I tnput ] =3 [emasied =] wiggers [[To aiect =
but long enough.

Once again it is better to begin with a short trip to the manual control
window (or the 1/0 test window) and its "Refresh” and "Loop" buttons so you
can take note of which buttons correspond to which inputs and which states.
This manual control is not available on all machines.
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O External driver

Galaad understands the whole process, from designing the object, through
setting the reference points, to automatically machining it, however, machines
not known to Galaad cannot be controlled directly by it in real-time mode.
Galaad can till be used to design an object ready for machining, but a
different software package will have to be used to download the program
and/or control the milling process.

When using this option, Galaad will start the external process directly
from the "Machine / Mill" command or the corresponding icon. In this case,
the current design is automatically exported in the format required by the
external driver, which is immediately started as a new Windows task. Note
that this driver programme can equally be an application running under a
Windows DOS session.

In reality, the two modules Galaad
and Lancelot represent the design part GALAAD
and the driver part of the same
software. You may use Galaad as a

machine.

CAD application with any other CNC M N
driver module which will be called EXT.
automatically via the "Machine / Mill"  |[LANCELOT DRIVER
command.

Alternatively, it is possible to call up the Galaad machining modules
Lancelot (specialised in 2%-D processes) and Kay (3-D) from another CAD
application. The Lancelot programme just has to be called up with the mill
file name as an argument, and the standard name of the file format in
brackets, if the extension is not significant. Example:

"C:\Program Files\Galaad\Lancelot.exe" C:\...\MyDesign.plt
or

"C:\Program Files\Galaad\Lancelot.exe" C:\...\MyDesign.xyz (plt)

Please note that calling up an alternate CNC driver is not absolutely direct
but goes through Lancelot as an intermediate module that defines milling
parameters and manages tool sequences and cycles. In fact it is Lancelot and
not Galaad itself that will chain to the external CNC driver once the
intermediate file is generated.
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To configure an external driver programme, use the command "Para-
meters/ Machine/ External driver".

The big dialogue zl
H ™ Machining is directly managed by Galaad
bOX that Opms WI” (ol Callanegglemaldnvyel i

alow you to choose
between using Galaad's
own internal driver
(Lancelot) or a stand

Command ine : ['C:\Proram Fles'HeiderHan'HDiive. exe” | |_Browse

Intermediate file I"C “Program Files\Galaad\Galaad.isa”

Format I\SD G-Code for CNC-Mill Process j Scale |1

al aI | Digin point ;| south-west 'Iupper suface > ™ Flipi
- I Fip
O_ne e_xtern . appli Offzets: % [0 ¥ [0 z[o mm [~ FipZ
cation, in which case o — |
A N ) IV Allow circular jrterpolatiors
you must indicate its 1= Bl ot

name and arguments.

When you machine with an external driver, an intermediate file will be
created in the format specified and the external programme will be called up
with its arguments as specified in the command line text box. Galaad will
then continue to operate independently while the external driver gets on with
its work. If no file name is specified here, it will be requested when starting
the process. It is possible to accelerate the generation of the intermediate file
by disabling the path displays, which may dow the process depending on the
performance of your computer. Other parameters help you change the co-
ordinate system and orientation of axes.

If you do not set a command line, the intermediate file will no less be
generated but no external programme will be called up to chain the process. If
you do not indicate an intermediate file to be transferred to the external
driver, then you will be prompted to give a name every time you start a new
process. Sincethisfileis automatically generated by Galaad, it is probably not
useful to save it under its own name, instead you should overwrite it every
time you start a milling process. The important thing is Galaad's design file,
not the driver's intermediate file. You may also indicate neither programme
nor file, in which case no driver will be called up and you will be prompted to
give a file name every time. Please note that the file name (and its complete
path) is automatically added at the end of the command line. Consequently it
isnot useful to enter it twice.
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O Sharing disks & folders

One of Galaad's important functions concerns the interconnection of
several workstations and the means of exchanging designs and parameters.
The professional user will find it advantageous to reserve one computer for
design work and dedicate another (obviously connected to the CNC)
specifically to the machining work. In an educational environment it is useful
to be able to prepare the working environment for al students, including the
design and organisation of their files, from a single workstation.

Logigtically, it is necessary for al the
computers to be connected to a local area
network and able to run Windows. This
network does not need a client / server
architecture or any particular hierarchy, as
Galaad defines its own hierarchy between the
master workstation and all its dave units.

If your network is organised on the client / server model then it goes
without saying that the master installation will be on the file server, but
Galaad is equally happy with a peer-to-peer arrangement. All that is required
isthat the dave installations have access to a designated area on the hard disk
of the master installation.

Let us consider the following network, with a master machine M, and
several slave units S1, S2, S3, etc. Galaad is installed on M, in the folder
C:\GALAAD, and also on all the S dave unitsin folder CA\GALAAD. Aswell as
accessing its local hard disk, C:, each dave unit S can also access the hard
disk C: on the master machine M, which will be remapped to another drive on
the dave units, for example E:. In this way, Galaad running in the folder
C:\GALAAD on workstation S1 "sees' the copy of Galaad installed on the
master machine as being in folder EAGALAAD. Thereafter, the dave unit can
load its parameters, and current design, from the master machine M instead
of taking them from its local hard disk. This gives the user of the master
machine M the ability to globally control the configuration of the slave
machines S. What is more, the dave units S can store their work centrally on
the master machine instead of on their local hard drives.
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— ‘:> To enable data to be exchanged between workstations,
—_ each dlave unit must be able to access the hard disk on the
= master computer, or at least the folder where Galaad is
— installed.
w5 It is assumed that your network is already configured and that

=% disk sharing has been enabled. If not, see Print and file sharing
under the "Network™ icon in the Control Pandl.

However, the point is not to have a close look at your network, but simply
to show the principle that part of the hard disk on the master computer has to
be accessible to each dave unit. If thisis not the case then you should consult
your network administrator. Note that it is not necessary for the master
workstation to be able to access the hard disks on the dave machines, as
Galaad does not need this.

O Main workstation

To use Galaad on a network it is necessary to define one workstation as
the master and all others as davesto it. The slave units will copy the working
environment on the master computer by taking their parameters from it, and
possibly save their designs back to it. It is normal for the CNC to be connec-
ted to the master machine but this is not mandatory. Y ou have probably only
got one dongle for the whole work group. The dongle must be plugged into
the master computer. By loading their parameters from across the network
the dave unitswill "see" the dongle under the terms of the user's licence.

If your network only comprises two computers, one for design work and
one for the machining process, plug the dongle into the design machine and
consider this to be the master. It is necessary for this machine to be running
when you start Galaad on the secondary machine, so that it will be able to
access the dongle to permit machining to take place.

The master workstation acts as the modd that the slave units will copy
when Galaad is started on them, and consequently is the same as a stand-
alone installation. It operates the same whether or not a network is present.
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The dave units collect their parameters from the master machine; it does not
send them to the slave units one by one.

Configuring a master installation is done in the simplest way possible. In
the network parameters, smply indicate that "This computer isa master or
stand alone", that'sit.

The user of a master installation of Galaad, generally the teacher, opens
Galaad and configures the working environment to suit themself, or perhaps
loads a profile, saved on the local hard disk or a floppy. They can also open a
default design. They then use the "Parameters / Network / Upgrade
workspace" command to save the changes to disk. The users of the dave
units, usually students, then start Galaad, which having copied the parameters
from the master computer, display the default design.

O Secondary workstations

Y ou have seen that the students need to load their environment parameters
from the copy of Galaad installed on the teacher's workstation. This requires
them to have access to the hard disk on the teacher's machine via the local
area network. For a simpler installation, with functions limited to down-
loading the master parameters, you can restrict access to the Galaad folder on
the master workstation, but the other functions would require write access.

ot el ks Defining a workstation
Clummmnmeeeee on a nework is done from
T 2 i the "Parameters / Network /
Bl oty @ e o e e e (el User... command. The
[G:AGALADRIELY Browse dlalogue box that appears
Load from this master directary e
Bl el pe s | alows you to choose the
PR type of workstation and
I s s Carcel control the functionality of a

daveinstallation.

If your workgroup comprises several slave workstations, it can be useful to
specify the identity of the workstation. This might retain their interest a
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little longer. The most important parameter is obvioudly the definition of the
Galaad directory on the master workstation, as seen from the dave unit.
For example, if Galaad has been ingtalled in the folder C\GALAAD on the
master computer, this folder can be "mapped” as E:\GALAAD on the work-
gtations (in general thisisthe only part of the disk 1D that changes). You can
search for this distant drive by clicking on the "Browse" button. It is obvious
that access to the network must be available in order for you to browseit.

All that’s |eft is to define which parameters will be copied from the master
installation. Besides the main environmental and machining parameters, it is
also possible to retrieve the current design from it. In this case, the copy of
Galaad on the dave unit will open and display the design that has been
previously prepared by the teacher.

If the network is down or there are difficulties accessing the master
workstation, the dave units will temporarily revert to stand alone mode and
forget about the master installation until they are restarted. This allows the
group to carry on working in the event of a network problem. It is pointless
dwelling on the effects of the network restarting, as the dave units will return
to their normal mode of operation.

When the parameters have been changed on the master machine, it is not
absolutely necessary to restart the copies of Galaad currently running on the
dave units in order to update the workspace. Simply use the "Parameters /
Network / Upgrade workspace " command on the master machine then on
each dave unit to first save the current environment then load the new
parameters.

O Exchanging files

Using Galaad on a network is not limited to downloading the environment
parameters. To hep workgroups, the software allows files to be stored
centrally on the master computer. The method is very smple, but best
explained with an example: Galaad is installed in the folder C:\GALAAD on
the master workstation, which will be mapped as say E:\GALAAD when seen
from the dave unit "TOTO". In addition the teacher has designated the
workgroup as"4B".
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This workgroup name, not previously Iz
mentioned, is set by the "Parameters / Net-
work / Workgroup” command. The dialogue =~ ™™ 1 =
box asks for aname and offersalist of those = [ & | cancel |
previously used.

One or more students can work on "TOTO" and run Galaad, with their
workspace parameters loaded from E:\GALAAD. They will open and modify
the design, which can then be saved under the name "DESIGN" (for example).
Given that their restrictions only allow them access to the hard disk on the
master computer, their work will be saved to the master folder
E:\GALAAD\PUBLIC\4B\TOTO\DESIGN.GAL. However, the teacher will
collect all the design files of that workgroup into his master folder
C:\GALAAD\PUBLIC\MB, with each sub-folder being allocated to a workgroup.
If the workgroup changes, for example from 4B to 3A, the design from
workstation "TOTO" will be saved into folder E\GALAAD\PUBLIC\3A\TOTO.
Therefore there will be no confusion between the different groups using the
same workstation.

To check the work produced by the students working on the workstation
"TOTO", the teacher opens their designs in the corresponding sub-directory.
They can be corrected or marked ready for the next session. Most importantly,
he can open them to start the machining operation. At the end of the year, the
teacher tidies up by deleting folders 4B and 3A, using either Windows
Explorer or Galaad.

The teacher also has the option to save
- some public files in his own folder
' C:\GALAAD\PUBLICMB. These files can then

-—
-
\

~~ be opened by the students using the "File /
’, Network / Open a public file' command. They

will then be saved into a public file available to
the entire group.
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This chapter aims to provide a brief overview of the design icons and
describe their general function. They are particularly numerous and we are
not going to cut trees down for more pages. The best way to become familiar
with their purposeisto actually use them rather than simply read about them.

O Points

This series of tools allows you to create points, to indicate where holes
have to be drilled. When drilling, a feed speed (that is motion in the X and/or
Y directions) is meaningless, unless the plunge speed is expressed as a
proportion of the feed speed. See the command "Parameters/ Tools".

.t
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Single points - allows points to be placed anywhere on the board.
Each point is an independent object.

Line of points - places points at regular intervals along a line. The
group of pointsis a single object.

Rectangular array of points - creates a rectangular matrix of points
at regular intervals.

Circular array of points - creates a circular matrix of points. Each
point isat a given minimal distance from its nearest neighbour.

Bored point - drills a hole of a given diameter by integrating the
tool compensation. Either the drill-down and lift-up can both be
performed at the centre, or the drilling can be helicoidal.

Points on a trace - places points at regular intervals along a trace
selected in red. It is possible to add a small random variation of the
distance, to create irregular intervals.

Points on vertices - places points at the vertices of a polygon
selected in red.

Connect points - makes the reverse operation by creating a polyline
that links the group of selected points.




O Lines
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This collection of design toolsis particularly rich and with good reason, as
there are many ways in which choosing a couple of co-ordinatesto draw aline
across a battlefield can be done. It is probably not useful to state here the
various possibilities for plotting, snapping or entering positions of ends,
whatever the line may be.

+

/

Line - congtructs a single line between two points by clicking with
the mouse. When drawing, pressing the key applies the polar
magnetic grid that rounds the line slope.

Horizontal line - constructs a horizontal line whatever the vertical
position of the cursor when adding the second point.

Vertical line — does exactly the same as above, except that it is now
for avertical line.

Dashed line - congtructs a line comprising regularly spaced dashes,
at intervals defined by yourself.

Dot-dash line - as above, but comprising alternate dots and dashes,
at intervals defined by yourself.

Segments - constructs a series of segments as defined by you aong
the path of an object selected in red.

Duplication - constructs a copy of the segment selected in red,
which is offset (by one grid step) ready to be positioned.

Parallel - constructs a line parallel to the segment selected in red,
between two user selected points.

Tangent at point - constructs a line tangent to the vertex selected in
red.

Bisector at vertex - constructs a line parallel to the angular bisector
of the vertex point selected in red.
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Bisector of segments - constructs a line parald to the bisector of
the vertex between the segments selected in red and in blue.

Angular - congtructs a line at an angle, defined by you, from the
segment selected in red.

Perpendicular - constructs a line along the perpendicul ar bisector of
the segment selected in red.

Intersection - constructs a line from a point defined by you to a
segment selected in red.

Conical sheaf - constructs a sheaf of lines (you set the spacing )
from a point selected by you, to an object selected in red.

Sheaves - creates a sheaf of lines (you set the spacing) between an
object selected in red and one in blue (see also 3-D meshes or the
function "Design / Transmutation™).

Arc tangent - constructs a line between an arc and a point defined
by yoursdlf. If a segment is selected in red, a dialogue box offers the
possihility to refer toit.

Trimmed arc tangent - as above, but also trims the arc to the point
of intersection once validated. The part of the arc to be deleted has
to be sel ected.

Double arc tangent - constructs a line, tangent to two arcs to be
selected in green.

Double arc tangent with single trim - as above but also trims the
first arc selected to the point of intersection.

Double arc tangent with double trim - as above but also trims both
arcs to the point of intersection.
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O Polylines (and curves)

The small family of polyline shapes includes basic polygons, as well as
some non-circular mathematical curves, and also mixtures of the two and
possible links. Remember that when constructing shapes with many points,
the right mouse button is used to plot the last node (or the key).

'{hﬁ+ Polygon - constructs a simple polyline by successively plotting its
vertices. All position snaps are valid, and pressing the key
whilst plotting applies the polar magnetic grid.

'{hﬁ+ Closed polygon - as above, but closes the polygon automatically if
you dare to leave it open.

f/'a. Beta-Spline — constructs a Non-Uniform Rational Beta-Spline by
2 =1 plotting the contral points, which can then be manipulated.

m Quadra-Spline - constructs a curve with joined tangents by plotting
——"1 thenodes. Warning, editing is sometimes difficult.

== Bézer curve - constructs a Bézier curve by plotting the control
: points, which can then be manipulated.

'U“L_5+ Manual trace - constructs a polyline by following the mouse whilst
theleft button is held down.

Sine curve - constructs a sine curve along an axis between two
points with user defined amplitude, period and number of cycles.

""" period.

Link/Trim - extends or cuts a segment selected in green, to adjust its
end onto a second segment, to be sdlected. In the case of a trim,
Galaad asks you to indicate the segment end to be deleted.

g
e Hyperbole - constructs a hyperbole by plotting its amplitude and
o
ke

‘7 Simple link - constructs a polygon link between a segment selected
—+ | inredand onein blue, through the projected point of intersection.
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Beta-Spline link - constructs a NURBS curve linking one segment
selected in red and one in blue, using the projected point of
intersection as a control point.

Quadra-Spline link - constructs a curve with two nodes linking one
segment selected in red and one in blue, using the projected point of
intersection as a control point.

Bézier link - constructs a Bézier curve linking one segment selected
in red and one in blue, using the projected point of intersection as a
control point.

Rectangles (and polyhedr ons)

Despite the title, this abundant collection of tools also creates several non-
Cartesian shapes and also ones that haven't got much at all to do with
rectangles, other than being regular closed polygons.

i

©+

D+
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Rectangle - constructs a Cartesian rectangle in the classic way by
defining one of its diagonals.

Centred rectangle - constructs a Cartesian rectangle by defining the
centre and one corner.

Chamfered corners - constructs a Cartesian rectangle with cham-
fered corners.

Fillet corners - constructs a Cartesian rectangle with fillet radii in
the corners.

Inverted corners - constructs a Cartesian rectangle with the corners
turned inwards.

Clipped corners - as above, except that the internal corner can be
placed anywhere within the rectangle up to the centre point.
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Inverted fillets - constructs a Cartesian rectangle, with fillet radii
that are inverted about their points of tangency.

Oblique rectangle - constructs a non-Cartesian rectangle by
drawing two adjacent sides.

Obligue square - constructs a non-Cartesian square by drawing one
side then indicating the direction to complete the square.

Hexagon - constructs a non-Cartesian hexagon, with 90? end
angles, by drawing two adjacent sides.

Obround - constructs a non-Cartesian rectangle, with semicircular
ends, by drawing two adjacent sides.

Parallelogram - constructs a parallelogram by drawing two adjacent
sides
Diamond - constructs a diamond by defining one of the diagonals of

a Cartesian rectangle that surroundsiit.

Centred equilateral - creates an equilateral triangle by marking out
acirclethat inscribes it

Equilateral - draws an equilateral triangle by marking out one side
and a general point in connection to thisside.

Isosceles - draws an isosceles triangle by marking out its base
followed by its height.

Star - draws a star with N vertices, to be defined by its inscribing
circle then the interior circle. Click the first circle using the right
mouse button to freeze the construction asit is.

Crossed star - does the same as the previous icon whilst crossing the
transverse lines of the branches.

Regular polygon - creates a regular polyhedron, defined by drawing
thecirclein which it isinscribed.
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O Arcs (and cyclic shapes)

This large and powerful family of icons gives access to tools for
congtructing various circular curves by a variety of different methods. Some
trigonometric curves are also included in this series. It should be remembered
that when designing a toolpath for machining purposes, circles are not
absolutely closed shapes but are open 3607 arcs that have a start and end
point. These define where the cutter will enter and leave the circle.

3

D
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Circle - constructs a 3607 arc (closed circle) by plotting its centre
and a point on its circumference that will become the start/end
point. Here again, pressing the key when setting the start point
position, applies the polar magnetic grid.

Inscribed - constructs a 3607 arc (circle) by defining one of its
diagonals of the Cartesian rectangle that inscribes it. The start point
isset at 0° according to the trigonometric reference (3 o'clock).

Three points circle - constructs a 3607 arc (circle) by plotting three
points on its circumference.

Ellipse - constructs an open Cartesian elipse by defining its centre,
X and Y radii, and start and end points. To draw a closed elipse,
right mouse click or pressthe key.

Inscribed ellipse - constructs an open Cartesian ellipse by defining
one of the diagonals of itsinscribing rectangle, then its end points.

Pie sector - congtructs an open Cartesian ellipse (as above) then
closesit by drawing theradii from the start and end points.

Arc from 3 points, end point last - constructs an open arc by
plotting the start point, an intermediate point and the end point.

Arc from 3 points, intermediate point last - constructs a circular arc
by plotting the start point, the end point and an intermediate point.

Arc from centre and aperture angle - constructs an open arc by
plotting its centre, its start point and its end point direction.
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Arc from aperture angle and 2 points - constructs an open arc by
defining its aperture angle and plotting its ends (floating centre).

Arc from tangent - constructs a circular arc, tangent to the endpoint
of a segment selected in red, by plotting its end point.

Arc from 2 fixed tangents - constructs a circular arc, tangent to two
segments one selected in red and onein blue, if a solution exists.

Arc from 2 diding tangents - constructs a circular arc, tangent to
the axes of two segments, one selected in red and onein blue.

Untrimmed fillet - constructs a circular arc tangent to two lines, by
defining the radius and selecting them (in green) with the mouse.

Trimmed fillet - as above, except that the tangent lines are trimmed
tothearc.

Arc from 3 tangents - constructs a circular arc tangent to three
lines, by selecting them (in green) with the mouse.

Radii - constructs a group of radial lines by defining the inner &
outer enclosing circles and the start & end angles with the cursor.

Gear wheel / Rack - constructs a simple rack or pinion by defining
the key parameters and positioning the result with the cursor. In
case of a gear wheedl, a coaxial circle is added to the construction.

Epicyloid - constructs an epicyclical curve within a circle, defined
with the cursor. The shape can be built regardless of its size, then
extended or reduced.

Rosace - constructs a shape with "petals’ inside a circle defined
with the cursor.

Spiral - constructs a spiral from the number of turns, and by
defining the inner & outer enclosing circles with the cursor. Right
mouse click freezes the spiral at thefirst circle.

Overview of designicons — 11 - 163



GALAAD 3

O Text

Thetools for working with text are few. Except for theinitial creation and
manipulation of individual letters most work is performed with the text editor,
as it remains in text form for later editing, unless converted to geometry by
you. Please refer to the "Text" menu and its advanced functions, plus the
"AutoText" argument from the command line for automatic updates on the
board (see the chapter that explains technical matters, at end of this manual).

Text block - creates a paragraph of text with the current font
settings, contained within a rectangle defined by the cursor. It is
possible to write vertically or reverse the text by setting the
corresponding parameter in the text entry dial ogue box.

bb_;-'l Text on trace - places text along the path of a shape selected in red.
The text is written from the start point to the end point of the shape,
that represents the water-line. The shape is saved and attached to

the text, even after it has been modified or deleted.

nea Arrange letters - select individual |etters in a piece of text so that

el they can be repositioned. Move between letters with the tab
key. Warning, these manual changes are lost if the text or its style
are modified.

ﬁ Edit - Open an edit box for the sdected text so that it can be
L—!1 modified. A double-click on atext block does the same.

Em Auto-incremented text - allows you to write a block of text that will

——1 Dbeincremented automatically during the milling process, single or
serial. When starting the cycle, all auto-incremented texts are re-
viewed and you are prompted to give their current value. Normal
text that has already been written and selected can a so become auto-
incremented, using thisicon.
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O Sedlections

The sdlection tools cover a wide area from ssimply selecting anything (not
locked) within the sdlection frame to specialised functions linked to the
editing routines.

i

Select objects - switches from design mode to selection (default)
mode. The cursor is shown as an arrow. The key does the same
to return from active design to selection mode.

Select all - sdects all objects on the current layer that are not
locked. The shortcut isthe (Space ) bar when already in sdection
mode.

Select equal depths - selects all objects with the current machining
depth, or with the same depth as the object(s) currently selected. See
also the rapid data pal ettes with right mouse double-click.

Filtered selection - selects objects by their machining parameters or
by selected graphical characteristics.

Swap red blue - makes objects selected in red, blue selected objects,
and vice versa. Pressing the key while pointing an object (or a
segment or a point) selectsit directly in blue.

Lock selection - locks all objects selected in red, which stops them
being selected, thereby preventing any changes being made to them.
(](® ) combination does the same but then requires the key
to return to normal selection mode.

Select range of points - allows two or more points to be selected
from one or more groups of points and manipulated as a single
group. Please refer to the chapter "Advanced design techniques’.

Associate objects - groups together all objects currently selected in
red so that they can be handled as a single item in future. If all
selected objects are already associated, then Galaad asks if you want
to ungroup them without going via the "Edit" menu.
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Protect objects - protects all objects selected in red, which prevents
deletion and changes made to their shape. If all selected objects are
already protected, then Galaad asks if you want to unprotect them
without going via the "Edit" menu.

Anchor absolute - anchors all objects selected in red to their current
position on the board. They can, however, be re-scaled. If al
selected objects are already anchored, then Galaad asks if you want
to free them without going via the "Edit" menu.

Anchor relative - ties together two or more objects selected in red so
that they maintain their relative position and act as a group. If al
selected objects are already anchored, then Galaad asks if you want
to free them without going via the "Edit" menu.

Copy position & dimensions - |oads the position and dimensions of
the selection frame. See related icon just below.

Paste position & dimensions - applies the previously copied
position and dimensionsinto the selection frame.

Plot red cross - places a fixed red cross on the board as a reference
marker when designing or as the origin when machining. This cross
is plotted directly on the board and has no link with any objects.

Select red segment - selects a segment in red. This is required for
many of the graphical editing functions.

Select blue segment - as above but in blue.

Swap red blue - turns a segment selected in red into one selected in
blue and vice versa.

Flip segment - reverses the direction of the segment selected in red.
This does not change the overall tool path of the object that it ison.

Flip segment - as above, but for a blue segment.
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Plot blue cross - like the red cross, mentioned above, but in blue so
that a second reference marker is available.

Select red point - selectsa point in red. Thisisrequired for many of
the graphical editing functions for arcs and curves.

Select blue point - as above for a blue point.

Swap red blue - turns a point selected in red into one selected in
blue and vice versa.

Swap point segment - takes a point and a segment, both selected in
red then selects a new point at the start of the original segment and
anew segment starting from the original point.

Swap point segment - as above but with a blue point and segment.

O Special effects

The special effects provide a comprehensive set of tools that alow the
objects selected in red (and these only) to be tortured. Manipulation can be
from smple 2-D positioning to 3-D bending, including miscellaneous
rotations and projections. Please note that objects lose their geometrical
properties (arcs, curves and texts) if the torture applied changes their shape.

e
B

5

o

Cartesian move - alows the object selected to be moved in al
directions by values entered for X, Y & Z.

Polar move - allows the object selected to be moved in the X & Y
directions by values entered for the angle and radius.

Centre horizontally - centres the object(s) selected about the vertical
axis of the cursor. See al'so "Design / Align-centre" that allows you
to use many references on the board.
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Centre vertically - centres the object(s) selected about the vertical
axis of the cursor.

Centre both - simultaneously centres the object(s) selected about
both the horizontal and vertical axes of the cursor.

Flip horizontally - inverts the selected object about the vertical axis
within the selection frame.

Flip vertically - as above but about the horizontal axis.
Flip diagonally - a combination of the above horizontal and vertical
operations.

Rotate 90° - rotates the object(s) selected by 907 counter-clockwise,
whilst maintaining the origin of the selection frame.

Rotate - rotates the object(s) selected around the centre point of the
selection frame. The key allows entry of the angle.

Slant - dants the object(s) selected about the vertical axis. The
key allows entry of the angle.

Wrap - wraps the selected object(s) within an outer and inner circle
and allows the included angle and orientation to be defined.

Vanishing point - modifies the selected object so that segments in
the chosen direction project back to the vanishing point.

Perspective - modifies the selected object so that it appears to have
depth and disappear into the page.

Panoramic - modifies the selected object so that it appears to be a
wrap around, panoramic view.

Bend - modifies the object sdlected in red so that its Y profile
follows that of the object selected in blue.
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Stretch - as above, but only applied to the top of the object selected
in red.

Compress - as above, but only applied to the base of the object
selected in red.

By [y [

Bend Z - modifies the object salected in red so that its depth follows
theY path of the object selected in blue.

Project onto cylinder - modifies the object selected in red to produce
a 2-D representation of its projection onto a transparent cylinder.

®

Project onto cone - modifies the object selected in red to produce a
2-D representation of its projection onto a transparent cone.

{5

Project onto sphere - modifies the object selected in red to produce
a 2-D representation of its projection onto a transparent sphere.

=

O Milling data

Within this small group of features the first one will probably be used
frequently. The last two items are little gadgets that actually turn out to be
very practical. See also the rapid data pal ettes to copy/paste depth, feed speeds
and tool numbers.

J’E_, Depth / speed / tool - sets either the default machining parameters,
(depth, feed speed, cutter details) or those of the selected object(s).
# @ Pen - defines trace colour and thickness as default settings or for
===| dected objects. Of course thisis useful only for the screen display
and the printout.

7| Copy depth / speed / tool - copies and stores the machining
2 parameters of the selected object for later use. See below.

7| Paste Depth / speed / tool - applies the previously stored machining
£ | parametersto the selected object(s). See above.
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O Zoom

Zoom icons allow you to change the magnification of the view so that the
design can be seen more clearly without affecting the actual design. Several
successive views are memorised to allow you to backtrack, which is entirely
independent of the Undo/Redo features in design mode.

Note that fast zoom in/out functions around the cursor are also available
using the (¥)/(&) (or /) keys or by using the mouse whedl.

Q
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Zoom in - increases the magnification by a factor of 2 around the
point clicked. Alternatively drag the mouse over the required area.

Global view - cancels the current zoom and returns to view the
whol e board.

Temporary zoom - as "Zoom" above, but it is cancelled by the next
click of the left-hand mouse button

Magnify selection - magnifies the view so that the selected object
fills the screen, with a small border.

Zoom ends — magnifies the ends of the selected object, so you can
check whether it is open or closed.

Undo previous zoom - cancels the last zoom operation. There are
four levels of cancellation.

Redo previous zoom - Redoes the last zoom operation cancelled by
the previous command.

Zoom out x2 - reduces the magnification by a factor of 2. This stops
at the view of the full board.

Move visible range - dides the window when the mouse is moved
with the left button held down.
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O Visual dimensions

These icons have no link with machining functions, but represent a small
bonus for technical drawings. Y ou can use them to add numerical indications
on the board. Visual dimensions are dynamic, i.e. they are updated auto-
matically while changes are made on designed objects. Their style can be
changed using the "Parameters / Visual dimensions' dialogue box. Other
commands are also available through the "Display / Visual dimensions'

menu.
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Manual quote - allows you to add a mark with a free comment
somewhere on the board, with no linksto existing objects.

XY position - displays a couple of numerical values over a position
arrow, associated to a vertex or point you have to select.

Intersection - adds an XY position couple at the intersection point
of two segments you have to select.

Abscissa - adds a vertical axis with a numerical indication of the
corresponding co-ordinate.

Ordinate - adds an horizontal axis with a numerical indication of
the corresponding co-ordinate.

Horizontal distance - allows you to put a dimension between two
points that indicates the distance between abscissas.

Vertical distance - allows you to put a dimension between two
points that indicates the distance between ordinates.

Distance between points - displays a double arrow between two
points to be selected.

Point-segment distance - displays a double arrow with the perpen-
dicular distance between a point and a segment.

Inner distance between segments - displays a double arrow with the
distance between two paralld segments.
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Outer distance between segments - does the same as mentioned
above but with the indication located outside the segments.

Tilt angle - adds an arrow dimension to a segment , indicating its
angle with a horizontal axis.

Inner angle between segments - displays an angular dimension
between two segments to be sel ected.

Outer angle between segments - does the same as mentioned above,
but with the indication located outside the segments.

Arc centre - displays the position of the centre of an arc of circle or
ellipse, to be selected.

Radius - displays a dimension arrow between the centre and the
circumference of an arc.

Inner diameter 1 - allows you to add a diameter indication inside a
circle, an dlipse or an arc.

Inner diameter 2 - allows you to add a diameter indication outside a
circle, an dlipse or an arc.

Outer diameter - displays an external arrow dimension that points
to the circumference of an arc.

Relocate dimension - allows you to move a visual dimension that
has been previoudy located on the board.

Erase - deletes visual dimensions to be sdected. See also the
"Display / Visual dimensions/ Delete all" command.
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Here follows a complete list of all the commands found in Galaad's menus,
together with a brief summary of their function. They are too numerous to
describein full here and anyhow the best way to understand their actionsisto
actually use them, but first cross your fingers.

O "File" menu

File / New - Initialises a new board and allows you to override the default
values for the material and machining parameters (material type and size, cut
depth, feed speed, cutter details). You may set the default values from
"Parameters / New file defaults'. Simultaneously pressing the and (<]
keys when the command is called (or its corresponding icon) opens a new
board with the same dimensions and milling values as the current one, in this
case the dial ogue boxes do not appear.

File / Open - Loads an existing design from disk. The default directory is
the last one accessed. When clicking on the corresponding shortcut icon,
pressing the key simultaneoudly calls the "Import" function instead.

File/ Gallery - Displays all filesin a given folder and allows you to select
one by double-clicking.

File / Save - Saves the current design to disk. If the design has not yet
been named, this function is the same as "Save as', detailed below. When
clicking on the corresponding shortcut icon, pressing the key simul-
taneoudy calls the "Export" function instead.

File / Save as - Saves the current design to disk allowing you to give it a
different name.

File / New folder - Creates a new folder in which to save designs. It will
be located within the "File" folder.

File/ Merge with - Loads an existing file and adds what it contains to the
current work, with possible offset of XY co-ordinates.

File/ Network / Open a public file - Loads a design from the appropriate
workgroup (if one has been defined) located in the "Public" folder on the
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master computer. Please refer to the chapter dedicated to network functions
for more details.

File / Network / Save as public file - Saves the current design in the
appropriate workgroup (if one has been defined) located in the "Public” folder
on the Master computer.

File / Transfer disk / Send design - Performs an immediate save of the
current design to a removable disk or a mapped network drive, using a default
filename (not visible), so that it may be quickly transferred to another
workstation, using the corresponding "receive design” function of the same
sub-menu. The drive & directory to be used are set in the "Disk location™
function of the same sub-menu.

File/ Transfer disk / Send tool library - Performs an immediate save of
the tool library to a removable disk or a mapped network drive, using a
default filename (not visible), so that it may be quickly transferred to another
workstation. See also "Parameters / Save parameters’ for transferring the
environment settings between workstations.

File/ Transfer disk / Receive design - Replaces the current design with
one previoudy sent from another workstation to a removable or network disk.
If the current design has been changed, you are prompted to saveit. File name
is not transmitted since it may refer to a directory tree that does not
correspond on the recipient.

File / Transfer disk / Receive tool library - Replaces the current tool
library with one previously sent from another workstation to a removable or
network disk.

File/ Transfer disk / Disk location - Defines the drive & directory path
to the removable or network disk for fast transfers from one workstation to
another. Default location points to the root directory of floppy disk drive
"A:\", but you may indicate any local, virtual or distant drive, and any existing
directory, provided that you have write access when you want to send your
designs or tool library. Beware that a network disk unit may have different
letters or names, seen from different workstations.

File / Material dimensions - Displays a dialogue box alowing the
dimensions of the raw material to be entered. If you have already drawn
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objects, you cannot specify dimensions that leave any of them outside the
board.

File/ Global scale - Increases or decreases the dimensions of both the raw
material and the design. Consequently screen display does not vary.

File / Comment - Allows you to add a comment to the design in the top
|eft of the screen. This remains visible irrespective of the magnification unless
it isturned off with "Display / Comment”. It is not machined.

File / Elapsed time - Shows the time spent working on the design (timer
located at lower left-hand corner of the screen) and allows you to pause or
reset the timer. Every new active design operation restarts the timer for three
minutes.

File/ Print - Defines the print parameters and prints the current design.
Please note that, if the printout scale is left undefined ("Scale" edit zone not
ticked, or scaling factor set to "auto" or empty), then Galaad will try to fill up
the whole available space on the paper. All other printout parameters remain
memorised, including general identification data.

A custom page frame can be defined from the "Frame" tab of the printout
dialogue box, this frame will be located at the bottom-right corner of the page
and will display the identification texts that will be written at corresponding
positions (title, date, reference, etc.) using preset styles. The custom frame
must be drawn separately and saved under Windows Enhanced Meta-File
(EMF) vector format or simple bitmap image (BMP). Therefore you can add
your logo or any unchanged information to this frame design. Galaad will
stretch or compress the custom frame so that it matches the predefined frame
dimensions. XY position of the identification texts are relative to the top-left
corner of the custom frame. So you'll probably waste a bit of paper before it
looks perfect.

File / Import - Loads a design saved by another software package as a
standard 2-D, 2%2-D or 3-D vector format (points, lines, arcs, curves, etc. but
neither images nor 3-D surfaces). This design file is presumed to have been
made by another CAD application, and saved under a standard exchange
format. Galaad offers quite a large number of import/export formats, which
should ease transfer operations in both directions. If you do not succeed in
loading a file under a given format, the best solution is to try another.
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Available formats are as follows:

- HPGL is a format dedicated to HP plotters and has become a 2-D vector
standard. Galaad is compatible with 2¥2-D extensions that encode Z depths
and drilling speeds, mainly used by GravoGraph and Roland tables. This
format is also available for export.

- DXF isthe AutoCad software 3-D data exchange format, almost a standard
for architecture software. Galaad accepts only Text-DXF and does not read
Binary-DXF. This format can contain surface information that makes no
sense for Galaad, who will therefore load only the vector paths (lines, arcs,
curves, etc.). Please note that successive versions of DXF format have quite
important differences. In certain cases, Galaad may read more easily a given
version of DXF format than another one. The best bet is to try and see. This
format is also available for export.

- NCP isan Isel-Automation proprietary format for 3-D vectors, dedicated to
Isel-Remote drivers. This format is specific for sl CNC machines. It is also
available for export.

- WMF is the old 16-bit Windows Meta-File format for 2-D vectors and
bitmaps, and should not be used much now. Its encoding possibilities are
limited. Thisformat is also available for export.

- EMF isthe Windows Enhanced Meta-File format for 2-D vectors, including
colours and line thickness, with a relative accuracy, more focused on graphics
than real technique. Galaad does not import images that are encapsulated in
EMF files. Thisformat is also available for export.

- EPS is the Adobe Encapsulated PostScript format for 2-D vectors, based
on straight lines and Bézier curves, it is dedicated to printers, 2-D design
software and other graphical systems. An EPS file may also contain bitmap
images and font definitions, which Galaad will not read. This format is also
available for export.

- ISO G-Code is the standard format for files that are dedicated to CNC
machine tools. In the design module, Galaad will load only 2%4D or 3-D3-D
fileswith XYZ or XAZ co-ordinates. A variant of the ISO standard encodes
arcs with absolute co-ordinates for the centre, mainly used by NUM control-
lers. If your 1SO import displays fanciful arcs, then try the other available
version of the format. Another variant, the G-code for 2 axis lathes, uses XZ
co-ordinates instead of YZ. Also, some G-code formats have custom ex-
tensions dedicated to a particular machine, Galaad provides a small list of
these with their own special codes. All readable variants of G-code format are
also available for export.

- NCI is the 22D and 3-D3-D data exchange format for Master Cam
software, dedicated to CNC drivers. Thisformat is also available for export.
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- EXL isthe format of Excellon-Automation machines that are dedicated to
drilling operations on printed circuits. This format contains only XY co-
ordinates for drill points, with tool numbers. Two variants exist, depending on
the data format, with or without trailing zeros to the right. If your import
displays a fanciful result, then try the other available version. This format is
also available for export, from simple drill points.

- GRB is the format of Gerber Scientific Instruments machines that are
dedicated to flashing operations of printed circuits. In the design module,
Galaad reads only XY co-ordinates regardless of plotter aperture shapes and
sizes. See the Percival module for printed circuit works. Percival loads all
Gerber file data and allows you to engrave contours. This format is aso
available for export.

- UIUC is the format of Airfoil Co-ordinate Database that is dedicated to
wing profiles for aeroplanes (DAT files), as defined by the Aerospace
Engineering Dept. of the University of Illinois at Urbana-Champaign. This
specialised format is not available for export.

- OMA is the 2-D polar format of Esslor machines that are dedicated to
cutting operations on lenses. Two variants exist, in 400 or 800 points mode,
both of them being available for export.

- DIS is a 3-D3-D Cartesian wire mesh format that is used by the French
Institut Géographique National for topographic co-ordinates between two
referenced altitudes. This specialised format is not available for export.

- DEM is the 3-D3-D Cartesian wire mesh format for topographic co-
ordinates that are constructed from satelite pictures through the ISTAR
stereoscopic system. This specialised format is not available for export.

- MNT is a 3-D3-D format for topographic applications containing clouds of
points with XYZ co-ordinates in Lambert projection. Galaad is able to
congtruct a non-Cartesian wiremesh from these points. This format is aso
available for export, from all XY Z co-ordinates on the board.

File / Export - Saves the current design as a standard vector format for
use with another software package. The list of formats comprises those
mentioned above when it has been indicated that they are also available for
export, plus the following:

- KYN is the text format of programming files in the Kynon module, which
allows you to create a programmed path from the Galaad design module. Only
motion commands will be exported.

- CM3 is the vector format for Roland DG CAMM-3 or MDX engraving
machines, which accept 3-D3-D interpolations.
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- PYS is the 2-D graphics format for Pyxis laser engraving machines, and
consists of a series of XY vectors, with red and blue crosses being the origin
and orientation direction for each layer.

- C is a text format that reuses the MoveTo/LineTo instructions of a
programming language based on the same syntax basis as the C language,
which israther easy to transcode into another language.

- Post-Processor is the custom format you can define from the big dialogue
box available from "Parameters / Post-processor”. Almost all syntaxes and co-
ordinates systems are allowed.

- BMP is the Windows standard bitmap image format, for a non-vector
output of the design.

File / Exit Galaad - Saves the current working environment, including
the current design, and exits Galaad.

O "Machine" menu

Machine/ Mill - Starts the milling process for the current design (on 2 or
3 axes depending on the machine type), using either the internal machining
module Lancelot, or the predefined external driver. When clicking on the
corresponding icon, pressing the key simultaneoudy calls the "Manual
control” function instead.

Machine / Turn 4 axes - Starts the milling process using a 4™ (rotary)
axis, for the current design that is wrapped around a cylinder with a straight
or reshaped profile. Y co-ordinates become A co-ordinates, the board
becoming a cylinder. It is possible to use a path selected in blue to define a
non-cylindrical global profile (Z depths then vary depending on the blue-
selected profile). "Display / 3-D view / Cylindrical" helps you visuaise the
projection of the design onto the cylinder.

Machine / Simulate - Simulates the norma milling process for the
current design, using the internal machining module Lancelot. Process steps
are identical to the real milling cycle, except that no external drivers are
called when simulating.
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Machine / Upload - Starts the norma milling process for the current
design, but stores commands in the machine's local memory. Enabling
"Upload machining to the controller memory" checkbox in "Advanced
options’ of the milling module does the same, but here the process start is
automatic (tool retraction height and current workpiece origin are preset
here).

Machine / Manual control - Displays a control pane allowing the
machine to be controlled manually, independent of the design. The manual
control can be used as a test to check the communication with the machine.
See also the "Parameters/ Machine/ I-O test" function in this case.

Machine / Surface / Table - Allows the top surface of the machine's
removable bed to be cleaned up to provide a good flat working face. The
default surface range corresponds to the active length of XY axes but you may
change it. The angle cross avoids leaving the tool fillet in the corner that will
be used as the XY workpiece origin.

Machine / Surface / Workpiece - Allows the top surface of the current
workpiece to be cleaned up to provide a good flat face.

Machine / Digitise / Surface - Calls the 3-D digitisation process on the 3
axes XYZ for a Cartesian volume.

Machine / Digitise / Cylinder - Calls the 3-D digitisation process on the
3 axes XAZ for acylindrical volume mounted on the A axis.

Machine/ Digitise / Manual - Calls the digitisation process requiring you
to manually control the machine and confirm each probed position. The major
interest of thisfunction isto physically pick up one by one the co-ordinates of
a shape that has been placed on the machine. The three available entities are
the point, the polyline and the 3-point arc. Note that co-ordinates are absol ute,
the origin being the machine zero. Newly digitised entities are appended to
thefile, so that it is possible to resume a digitising process.

Machine / Timers - Allows you to control several machining timers that
can be used to monitor time spent on different jobs.

Machine / Material library - Allows you to select the material
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corresponding closest to the workpiece. This information will only be used by
Galaad to calculate the automatic feed speeds. It is possible to weight these
speeds from "Parameters / Automatic feed speeds’.

Machine/ Toal library - Opens a window showing the key parameters of
the tools currently defined within the tool library and which are used in the
current design. Access is also available to set the full parameters. The "List"
button generates a text output of the list into a file named "GALAAD.TXT",
this can be printed from Windows Notepad, which is opened automatically.

Machine / Recent tools - Browses a list of the tools used in the last five
designs.

Machine / Sequence / Set asfirst - Moves the selected object to the first
position in the machining sequence (tool cycle and pass). If several objects are
selected, the internal sequence of the group is unchanged. This remains valid
for al other sequence commands listed below. Y ou can display the position of
each object in the sequence by using "Display / Trace/ Identify / Sequence".

Machine / Sequence / Set as last - Moves the selected object to the last
position in the machining sequence.

Machine / Sequence / Set order of appearance - Allows the selected
object to be placed in any position in the machining sequence.

Machine / Sequence / Mouse select successively - Allows you to set the
machining sequence by pointing objects one by one from the first to the last.
Sequence numbers are displayed during the operation.

Machine / Sequence / Rever se - Reverses the order of the selected files,
within the selection only. Objects that are not selected are unaffected.

Machine / Sequence / Optimise - Rearranges the machining order of all
objects to minimise the moves between them. The first object in the sequence
is unaffected. Open objects may have their tool paths reversed to start from the
nearest end.

Machine / Sequence / Sort by increasing depths - Makes an automatic
sequence related to the depths of each object (you can then reverse the order).
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Machine / Toolpath / Connect objects - Creates a single toolpath to join
objects (they must be selected first) that are adjacent to each other (within
0.25 mm). This trajectory can be used for contouring or hatching, but unlike
objects that are "Welded" together, they can be disconnected and regain their
independence and geometric properties (arcs and curves). Please refer to the
previous chapter "Toolpaths' for more details about connected paths and
related features.

Machine / Toolpath / Disconnect objects - Disconnects objects that have
been "connected" using the above command.

Machine / Toolpath / Weld connections - Welds together all connected
objects into a single polygon. All geometric properties (arcs and curves) will
be lost. Only neighbouring arcs that share the same centre and radius, or
neighbouring Bézier curves, can be welded together without 1oss of properties.
Beta-Spline and Quadra-Spline curves cannot be welded unless they become
simple polylines. See also "Design / Objects / Split" to remove welds one by
one from a red-sel ected point.

Machine / Toolpath / Define as start point - Allows the end point of an
object or connected tool path to be redefined as the start point. The point must
first be selected in red.

Machine / Toolpath / Close path - Closes the trgjectory by adding a
segment or adjusting ends.

Machine / Toolpath / Set clockwise - Sets the machining direction of
selected objects to clockwise.

Machine / Toolpath / Set counter-clockwise - Sets the machining
direction of selected objects to counter-clockwise.

Machine / Toolpath / Reverse direction - Reverses the machining
direction of selected objects.

Machine / Tool compensation / Define toolpath - Allows details of the
cutter compensation to be defined and creates a toolpath, offset by half the
diameter of the sdlected cutter. Please refer to the previous chapter
"Toolpaths' for full details of tool compensations.
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Machine / Tool compensation / Create a new object - Allows a new
independent object to be created from a selected object, offset at a distance.

Machine / Tool compensation / Define as start point / ... - Sets the
position of the start point of a closed compensated path, as if the origina
shape design had its start point there.

Machine / Tool compensation / Add feed-in segment / Horizontal Z -
Allows you to control how the cutter approaches a tool compensated toolpath
by defining a new entry segment that keeps the same depth as the previous
entry point, thus with a standard drill-in cycle. It is possible to successively
add as many feed-in segments or arcs as necessary. This avoids letting the
tool descend into the material too close to the designed object, by positioning
the entry point a bit further away. Warning, if the compensated path is
recalculated (change of object shape, tool or depth in the case of a non-
cylindrical tool), add-ons at ends cannot be recal culated and are therefore lost.
So it is better to add these segments or arcs once the object shape and settings
are definitely validated.

Machine / Tool compensation / Add feed-in segment / Oblique Zo -
Manually adds a feed-in segment that starts from the material top surface
(zero depth) to the depth of the previous entry point.

Machine / Tool compensation / Add feed-in arc - Allows you to control
how the cutter approaches a tool compensated tool path by defining an arc to
create a curved entry path.

Machine/ Tool compensation / Set feed-out path - Allows you to control
how the cutter leaves a tool compensated toolpath by defining a new exit
segment that keeps the same depth as the previous exit point.

Machine / Tool compensation / Set feed-out arc - Allows you to control
how the cutter leaves a tool compensated tool path by defining an arc to create
acurved exit path.

Machine/ Tool compensation / Remove toolpath - Removes the sdlected
compensated tool path(s).

Machine / Tool compensation / Rebuild toolpath - Rebuilds selected
toolpaths, removing any entry or exits paths that have been added.

Overview of menus — 12-183




GALAAD 3

Machine/ Tool compensation / Flip inside/ outside - Takes selected tool
compensated paths and exchanges the compensation direction, i.e. outside to
inside and left to right. The direction of travel is also reversed to maintain the
same cutter approach (climb or conventional milling) so open shapes will be
cut from the opposite end and closed shapes in the opposite rotation.

Machine / Tool compensation / Filter toolpaths - Sets the criteria for
selecting compensated toolpaths.

Machine / Tool compensation / Advanced parameters - Allows you to
control how compensated tool paths are produced. The angle display threshold
indicates the minimum angle of the trajectory that will show a circle to
represent the tool. The rolled angle threshold defines the minimum angle that
will trigger an arc around the path point, and the vector stepping. The spacing
percentage smoothes the path before calculations, erasing the points that
appear to be insignificant.

Machine / Depths / Summarise - If there are no objects selected, this
displays a summary of all objects and their cut depths, otherwise the list is
limited to the selected objects only. See also the rapid data pal ettes.

Machine / Depths/ Change globally - Allows the cut depth to be set to
the same value for a group of selected objects.

Machine / Feed speeds / Summarise - If there are no objects selected,
this displays a summary of all objects and their feed speeds, otherwise the list
islimited to the selected objects only. See also the rapid data pal ettes.

Machine / Feed speeds/ Change globally - Allows the feed speed to be
set to the same value for a group of selected objects.

Machine / Duration - calculates the theoretical time required to machine

existing paths, the cleared moves being ignored since they are related to
machining parameters (clearance height and finishing pass).
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O "Edit" menu

Edit / Undo - Successively undoes changes made to the current design
from the "Machine", "Edit" and "Design" menus. This only applies to the
design process. File and display functions are not concerned. The size of the
undo stack can be set in the workspace parameters.

Edit / Redo - Successively redoes the last undone operations on the
current design.

Edit / Repeat - Repeats the last operation performed on the current
design. Thisonly appliesto the design process.

Edit / Restart - Undoes the last operation performed on the current design
and restarts the function that has been undone, with new parameters.

Edit / Delete - Deletes the object, point or segment currently selected in
red, i.e. having the focus. Same function as the (Del ] key.

Edit / Cut - Places a copy of the current selection onto the clipboard then
removes the selection from the design. This can now be "Pasted" elsewherein
the design or into another software package that accepts vector graphics. See
also "Edit / Copy" and "Edit / Paste" below.

Edit / Copy - Places a copy of the current selection onto the clipboard but
does not remove it from the design. This object can then be pasted onto the
board or in another design application that accepts vector graphics under
EMF format. See also "Edit / Cut" above and "Edit / Paste" below.

Edit / Paste - Places a copy of the object(s) currently on the clipboard into
the current design. Thisis only supported if it was either copied from Galaad
or from another software package as a vector graphic. See also "Edit / Copy"
and "Edit / Paste" above. You can paste a background bitmap image from the
clipboard using "Display / Background image / Paste".

Edit / Reframe and paste - Places a copy of the object(s) currently on the

clipboard into the current design and allows it to be resized at the same time.
See comments above.
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Edit / Duplicate / Add one real copy - Copies the selected objects and
pastes them at an XY position to be pointed. Machining data (depth, speed,
tool) remain unchanged. The original objects and their copies are indepen-
dent, unlike the virtual copy (see bel ow).

Edit / Duplicate / Add one virtual copy - Copies the selected objects and
places a virtual copy of them at the position selected by the mouse. The copy
remains linked to the original. In fact is doesn’t exist in the memory or in the
file, which saves space, but it is displayed and machined normally. A virtua
copy follows all modifications of the original.

Note: if you make one or more virtual copies of a set of objects, each series
of copies will be machined immediately after the original. But if your original
objects are associated (see yellow icon of association), then each group of
copies will be fully machined before the next copy. Hence this association
helps saving time when milling. You may associate objects after they have
been duplicated.

Edit / Duplicate/ In line - Duplicates the currently selected(s) objectsin a
straight line at regular intervals.

Edit / Duplicate / In matrix - Duplicates the currently selected(s) objects
in arectangular matrix at regular intervals.

Edit / Duplicate / In circle - Duplicates the currently selected(s) objects
inacircular matrix at regular intervals.

Edit / Duplicate / Mirror / To left, etc. - Makes one real copy of the
selected object, mirrored about a vertical (or horizontal) line passing through
the left-most (or right, or above, or below) extremity of the object. Copies are
real and therefore independent from the original. See also "Edit / Clone".

Edit / Duplicate / Mirror / About red segment - Makes one real copy of
the selected object, mirrored about a red segment, which can be part of the
object itself.

Edit / Duplicate / Mirror / About red point - Makes onereal copy of the
selected object, mirrored about a red point, which can be on the object itself.
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Edit / Duplicate / Mirror / About red cross - Makes one real copy of the
selected object, mirrored about a fixed red cross.

Edit / Duplicate / Along blue trace - Places copies of the selected object
at regular intervals along the course of a blue trace, and if necessary moving
the position of the original onto the trace start point.

Edit / Duplicate / Special - Duplicates the selected object with
progressive scaling, rotation and offset features. Since copies are different
from the original, they cannot be virtual.

Edit / Duplicate / Trace between points - Copies the portion of a
trajectory located between a red point and a blue point, located on the
trajectory itself. It can then be positioned with the mouse or keyboard. Both
points can be on different objects if these are connected in a single path (see
"Machine/ Toolpath / Connect objects").

Edit / Duplicate / At 4 corners of the board / Virtual - Makes three
copies of the selected object at the other corners of the board, without
changing its orientation (virtual copies).

Edit / Duplicate / At 4 corners of the board / Symmetrical - Makes
three copies of the selected object at the other corners of the board, each of
them being reversed horizontally and vertically.

Edit / Duplicate / Suppress copies - Deletes al virtual copies of the
selected object.

Edit / Duplicate / Suppress one copy - Deletes one virtual copy of the
selected object by specifying its number (order in which they were created).

Edit / Duplicate / Make copies real - Converts all virtual copies of the
selected object into independent real objects.

Edit / Duplicate / M ake copies homologous - This function is used when
two or more objects have virtual copies attached to them and only affects the
virtual copies. The selected object with the largest number of virtual copiesis
taken as the datum. All other selected objects with virtual copies are then
modified so that they have the same number of them and they have the same
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relative offsetsin X, Y and Z (depth).

Edit / Clone/ Mirror to left, etc. - Makes one virtual copy of the selected
object, mirrored about a vertical (or horizontal) line passing through the |eft-
most (or right, or above, or below) extremity of the object. Only one clone of
an object can exist at atime. Like the virtual duplication, the clone does not
exist and is a'so modified when the original shapeis. But it will be machined
like anormal path.

Edit / Clone / Suppr ess clones - Deletes the clones of all selected objects.

Edit / Clone / Make clones real - Converts the virtual copy of the
selected object into an independent real object.

Edit / Libraries / Open - Loads an existing library file from disk and
allows it to be positioned on the design, i.e. not whole board designs but only
objects. A library object keeps al machining data (depth, speed, tool). The
default directory isthe last one accessed.

Edit / Libraries / Gallery - Displays al objects in a given library and
allows you to select one using a double-click.

Edit / Libraries / Save as - Saves the sdlected object(s) to disk, as a
library object, allowing you to give it the name of your choice.

Edit / Libraries/ New - Creates a new folder within the Library folder.

Edit / Unlock / All - Unlocks all locked items in the active layer of the
design. Remember that locked items cannot be selected.

Edit / Unlock / Mouse select - Allows you to unlock a single locked
object by clicking on it with the mouse, or sdect a group of objects by
dragging the mouse over them.

Edit / Ungroup / All - Ungroups al itemsin all groups of the active layer,
whether selected or not. Bear in mind that the association of objects makes an
automatic selection of the whole group when oneis selected.

Edit / Ungroup / Selected objects - Ungroups al items in any groups
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selected in red. Note that clicking on the yellow association icon, when
selected objects are already associated, ungroups them if confirmed.

Edit / Ungroup / Mouse select - Allows you to extract a single object
from a group by clicking on it with the mouse.

Edit / Ungroup / Mouse selection and associates - Allows you to break a
group by clicking on one object with the mouse.

Edit / Ungroup / Select all grouped objects - Selects al objects of the
active layer that belong to a group.

Edit / Unprotect / All - Unprotects all 'Protected’ objects, whether selec-
ted or not. Remember that protected objects can be moved and re-sized, but
neither deleted nor reshaped in any way.

Edit / Unprotect / Selected objects - Unprotects all protected objects that
are selected in red.

Edit / Unprotect / Mouse select - Allows you to unprotect protected
objects by clicking on them with the mouse, or select a group of objects by
dragging over them with the mouse. Clicking on the yellow protection icon,
when all selected objects are already protected, unprotects them if confirmed.

Edit / Unprotect / Select all protected objects - Selects all objectsin the
active layer that are protected, without unprotecting them.

Edit / Free anchors / All - Releases all anchored objects in the active
layer, whether selected or not. This applies to both objects anchored in
position and objects anchored together. Keep in mind that absolute anchorage
fixes the position of the objects on the board (they can be reduced or expanded
but not moved), and relative anchorage moves simultaneously associated
objects when one of them is moved in its own.

Edit / Free anchors / Selected objects only - Releases al anchored
objects that are selected in red. If anchoring is relative, only the selected
objects are released from the group. Note that clicking on the corresponding
yellow anchorage icon (relative or absolute), when all selected objects are
already anchored in the same mode, rel eases them if confirmed.
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Edit / Free anchors / Selected objects and acolytes - Releases all
anchors on objects selected in red and those existing between other objectsin
an anchored group of which they are members.

Edit / Free anchors/ Mouse select only - Allows you to release a single
anchored object by clicking on it with the mouse, or select a group of objects
by dragging over them with the mouse. If anchorage is relative, then only
clicked objects are released from the group.

Edit / Free anchors/ Mouse select and acolytes - Releases the anchors
on objects selected with the mouse and those existing between other objectsin
an anchored group of which they are members.

Edit / Free anchors / Select position-anchored objects - Allows all
objects 'Anchored' in position to be selected then handled as a single entity.

Edit / Free anchors / Select relation-anchored objects - Allows all
objects 'Anchored' to other objects to be sdlected then handled as a single
entity.

Edit / Free anchors / Select acolytes of selected objects - Selects all
objects "Anchored" to those sel ected.
&
&
&
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O "Design" menu

Design / Continuous construction - Produces a continuous trajectory by
joining the start point of a new object to the end point of the last object drawn.
Note that this only applies to open shapes and does not apply if the same open
shape is drawn twice in succession, unless it is first resdected. See also
"Machine/ Toolpath / Disconnect objects’ to undo this operation.

Design / Magnetic grid / Set - Sets the step size for the magnetic snap
grid. Leaving a value unset or set to 'auto’ defines a variable step that always
matches the smallest graduation of the rulers, whatever the zoom is. The
angular step applies a polar grid relative to the previous point when the
key is pressed during a line or polyline design. For more details about the
magnetic grid, please refer to the chapter "Learning to design”.

Design / Magnetic grid / Snap to grid - Causes the selected object to
jump to the nearest snap point of the grid values currently set. Thisis useful if
the grid values have changed or if objects were drawn with the grid inactive.

Design / Magnetic grid / Snap and sizeto grid - As above, but the object
will beresized to fit between the nearest snap points.

Design / Align & centre - Pops-up a window for selecting among all
possible alignments and centring, horizontally, vertically or both. The palette
iswide and should match almost all cases.

Design / Object / Change layer / Layer N - Moves the selected object(s)
to 'Layer N'. See the zero point of the rulers (bottom left of screen) for the
current layer number. Rapid data palette, when in ‘Layer' mode, does the same
without stepping through the menu, and allows you to skip from one layer to
another. See hereafter the functions at the top of the "Display” menu to setup
the visible layers and the active one.

Design / Object / Open - Opens a closed object by deleting the last point
drawn (and consequently the last segment). If the object is an arc, then it is
transformed into a semi-circle (or half-ellipse), i.e. 180° from the start point,
with the same rotation direction. If it is a curve, then its last sector is deleted,
and its geometrical properties are kept.
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Design / Object / Close / By adding a point - Closes an open object by
adding an additional point (and consequently another segment). If the object
has geometrical properties (arc or curve), then the object closure is made by
adding a sector of the same nature (arc or curve sector), and its geometrical
properties are kept.

Design / Object / Close/ By moving last point - Closes an open object by
moving the end point so it coincides with the start point, which does not
change. If the object has geometrical properties (curves), adjustment is made
by moving the last sector and geometrical properties are kept.

Design / Object / Close/ Through red cross - Closes an 'Open' object by
adding segments from end point to red cross and from red cross to start point.
If the object has geometrical properties (arc or curve), this function does not
apply. You must convert the object into a simple polygon.

Design / Object / Degrade - distorts the selected object according to
framed random values that move XYZ co-ordinates. To avoid degrading
depths, just set the Z variation to 0%. The geometrical properties of the object
(arc or curve) are obvioudy lost when degrading.

Design / Object / Link - Constructs a new object between the end points
of two objects of the same type, one end point having been selected in blue
and the other in red. Note that this operation produces an independent object
and not a continuous tool path. The type of the new object will depend on the
existing objects and the depth will, if required, sope to join them. The speed
istaken from the object whose end point is selected in red.

Design / Object / Weld - Joins the end point of the nearest object to
another object whose end point is selected in red. The resulting object will
take its machining speed from the one containing the red point, which is the
master and will retain all of its properties. This function also applies to a set
of selected objects, to weld their nearest ends together.

Note that certain objects cannot be welded together, namely those that
have been designed for use with dissimilar cutters, protected objects and hatch
lines. Welding objects erases the geometrical properties of each object, except
if they are of the same nature and can be extended, like Bézier curves. See
also the reverse command "Design / Object / Split".
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Design / Object / Split - Breaks two objects that have previoudy been
welded at a point selected in red, provided they are not protected. Both
resulting parts lose their geometrical propertiesin the case of a curve. To split
a Quadra-Spline or a Bézier curve at a node, and keep its properties, you must
edit its geometry (right mouse click), click on the node so it is given the focus,
then pressthe (7] key.

Design / Object / Geometry Handles - Displays the control points used
by Beta-Splines, Quadra-Splines or Bézier curves. Selecting them with the
right mouse button does the same thing, directly or through a pop-up menu.

Design / Object / Convert to polygon - Erases the geometrical properties
of the sdlected object (arc, curve or text). In the case of text, the function
"Text / Convert to polygons' does the same but keeps the text block associated
in asingle selection group.

Design / Object / Define as hatching - Defines the currently selected
object as hatches. Objects created by hatching or pocketing are automatically
given this flag. Objects defined as such cannot be welded and can be selected
by the filters.

Design / Object / Surface - Calculates the surface covered by the closed
object (or connected toolpath) that is selected. If several closed objects are
selected, the result is the sum of all surfaces, even when they overlap one
another. An open object has a null surface. A toolpath in "8" like a Moebius
tape will have a surface that is partly positive and partly negative, and
consequently a truncated result. Don't ask for too much...

Design / Object / Trace length - Displays the total length of all selected
objects, and indicates the number of points they contain. This calculation does
not apply to isolated drilling points or groups of points.

Design / Object / Distance between points - Displays the distance
between two points to be selected in green. These points may belong to
different objects.

Design / Object / Display 1SO G code - Displays a smple G-code

program for the selected object(s) to assist in checking the co-ordinates. This
isread-only: trying to modify the codeis pointless.
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Design / Polygon / Link vertices - Produces a polyline from a group of
selected points, by drawing a series of connected lines between the points, in
the order in which they were originally drawn. The point co-ordinates remain
unchanged. See also the reverse function, below.

Design / Polygon / Unlink vertices - Produces a series of points at the
vertices of a selected polygon by removing the segments connecting them. See
also the reverse function, above.

Design / Polygon / Set steps - Adds additional points along the trgjectory
of the sdlected polygon by linear interpolation based on the maximum
distance between consecutive points, input by you.

Design / Palygon / Increase steps - Adds additional points along the
trajectory of the selected polygon by linear interpolation based on the multi-
plication factor, input by you.

Design / Polygon / Reduce steps - Deetes points from the selected
polygon based on the reduction factor input by you and a filter that controls
the minimum size of angle that can safely be removed.

Design / Polygon / Space steps - Deletes points that are less than the
minimum distance specified and less than the minimum angle specified, to
reduce calculation and milling times.

Design / Polygon / Delete useless points - Deletes all intermediate points
along the length of a trgjectory that have no effect on the object’s shape and
that are not visible,

Design / Polygon / Smooth - Produces a new trajectory from the selected
polygon by generating a Bézier Curve that passes through its vertices,
allowing you to specify by how much the curve can deviate from the original
polygon.

Design / Polygon / Create equivalent Beta-Spline - Produces a new
trajectory from the selected polygon by generating a Beta-Spline that uses the
vertices from the original polygon as its control points.

Design / Polygon / Create equivalent Quadra-Spline - Produces a new
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trajectory from the selected polygon by generating a Quadra-Spline that uses
the vertices from the original polygon asits control points.

Design / Polygon / Create equivalent Bézier curve - Produces a new
trajectory from the selected polygon by generating a Bézier Curve that passes
through its vertices, with Galaad calculating the shape from the original

polygon.

Design / Red segment / Delete - Deletes the segment selected in red and
splits the object into two independent pieces.

Design / Red segment / Divide - Adds one additional point along the
length of the red selected segment at the position of your choice.

Design / Arc / Edit - Opens a dialogue box allowing you to edit all
features of the currently selected arc, including centre point, radius, start and
end angles, etc.

Design / Arc / Select all arcs - Sdlects all existing arcs that can be
selected (i.e. in the active layer and not locked).

Design / Arc/ Clockwise - Sets the direction of the currently selected arc
as clockwise.

Design / Arc / Counter-clockwise - Sets the direction of the currently
selected arc as counter-clockwise.

Design / Arc/ Close - Closes the currently selected arc.

Design / Arc / Complementary - Transforms the currently selected arc
(must be open) into its complementary arc.

Design / Arc / Circular stepping - Sets the vector stepping of arcs and
elipses, i.e. the angle between two consecutive segments along the arc. This
stepping is reused when milling for arcs of elipses, or even arcs of circles if
your machine does not make circular interpolation (see CNC parameters).
Two automatic stepping modes are available, that reduce the angle step
depending on the diameter, so you need not worry about the stepping
whatever the arc size: the greater the diameter, the smaller the stepping angle
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becomes, and reciprocally. The result is rounded to the floor value of the
following scale: 0.1° (minimum) / 0.2° / 0.5° / 1°/ 1.5° / 3° / 5° / 10° / 15°
(maximum). The automatic mode with maximum vector-arc distance is
probably the most common in CAD applications.

Design / Arc / Set a cross mark - Places a red or blue cross on the
selected arc at an angle determined by yourself. This crossisavirtual element
for reference purposes and is fixed to the design board, not the arc.

Design / Hatching - Fills the surface of the selected object or connected
tool path with hatches to be defined. Please refer to the chapter "Toolpaths® for
more details about hatching and pocketing functions.

Design / Pocketing cycles - Fills the selected object or connected tool path
with successive contour linesin a pocketing cycle.

Design / Global contour / Union - Creates a new object by following the
perimeter(s) of selected objects that are overlapping, but only if a new closed
shape has been produced.

Design / Global contour / Intersection - Creates a new object by
following any closed internal shapes produced by selected objects that are
overlapping, but only if a new closed shape has been produced.

Design / Path Contour - Creates a new object by running a cutter round
both sides of an open shape or the outside of a closed shape. If the selected
object is closed, the contour produces two paths.

Design / Transmutation - Creates the intermediate paths between two
selected shapes, which must not be connected paths. For example, from two
paths that represent topographic contour lines, this function will interpolate
intermediate curves, or an object and its internal isand will be given
successive pockets that transform one into the other.

Design / Mask / Inside - Cuts any objects intersected by the selected
object and if it is a closed shape all objects contained within it are deleted.
Protected objects are not affected. This function corresponds to an incision
(paths are cut with new points created at the split point), followed by the
deletion of objects or object parts that are inside the selected object, which can
even be an open path. Objects that are partly deleted lose their geometrical
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properties (arcs, curves or text).

Design / Mask / Outside - Cuts any objects intersected by the selected
object and if it is a closed shape all objects not contained within it are del eted.
Protected objects are not affected

Design / Incise - Cuts, at the points of intersection, any objects intersected
by the selected aobject that are not protected. Alternatively the mouse can be
used to define where the incision should be made. The difference with the
"Design / Object / Split" function is that the target object can be cut anywhere,
not only at an existing point. The incision may be multiple, with the mouse
line or the incision path from the selected object. Incised objects lose their
geometrical properties (arcs, curves or text).

Design / Trim / At selected abject - Cuts, at the point of intersection, any
objects (neither sdlected nor protected) that are intersected by the selected
trimming objects and deletes the remaining parts. In the case of an open
shape that is intersected only once, the shortest piece is deleted. However,
with open shapes that are intersected more than once, or with closed shapes,
the pieces between the end points and the first points of intersection are
removed. The trimming sel ected objects are not affected. The link/trimicon in
the "Polylines’ series appears to be easier in most cases, but this function
allows you to trim several objectsin a single operation.

Design / Trim / Selected objects only - As above except that only the
selected objects are affected i.e. they are al cut and trimmed. Warning, the
sequence affects the result.

Design / Trim / Blue segment at red segment - Cuts a blue segment at
the point where it is intersected by a red segment and removes the shortest
part of the blue segment.

Design / Trim / Red segment at blue segment - Cuts a red segment at
the point where it is intersected by a blue segment and removes the shortest
part of the red segment.

Design / Trim / Red and blue segments at inter section - Cuts both a red

and a blue segment at the point of intersection and removes the shortest parts
of both segments.
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Design / Chamfer - Chamfers the vertex of a polygon that is selected in
red, alternatively all the vertices can be chamfered if the whole object is
selected. Several chamfering methods are available, plus a filtering function
for the vertices of the selected object.

Design / Fillet - Inserts a single fillet radius at the vertex of a polygon
selected in red, alternatively all the vertices can be filleted if the whole object
is selected.

Design / Fractal - Creates a fractal design by replacing each segment of
an object selected in red with an object selected in blue, suitably scaled to fit,
on the condition that the blue object is an open shape. Then a copy of the blue
object path replaces every segment of the red object. This operation isinteres-
ting only if repeated several times.

Design / Equation / Simple y=f(x) Constructs a smple plane curve based
on a mathematical formula. Maths fans will immediately refer to the chapter
"Special functions' for more details concerning the syntax and available
functions. Keegp in mind that these maths functions remain valid when
entering co-ordinates or any numerical value, except enumerative values, i.e.
anything that may contain a decimal point.

Design / Equation / Triple (x,y,2)=f,g,h(t) - Constructs a curve in 3-D
space based on three mathematical formulae.

Design / 3-D mesh / Rectangular - Constructs a 3-D rectangular mesh
with a cross sectional praofile in the XZ plane, that follows a selected open
shape drawn in the XY planeif only one shape is selected. If two profiles are
selected a more complex mesh is produced with the XZ profile changing
smoothly from one profile to the other. In ether case the XY area is
determined with the mouse. See the chapter "Special functions' for more
details on constructing 3-D meshes.

Design / 3-D mesh / Crossed Constructs a 3-D rectangular mesh from two
open shapes in the XY plane that are nominally perpendicular to each other.
Both shapes control the X-Z and the Y-Z profiles.

Design / 3-D mesh / Circular - Constructs a 3-D circular mesh with a

radial cross-section based on a selected open shape drawn in X-Y and rotated
around an axis perpendicular to the X-Y plane, selected by you.
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Design / 3-D mesh / Revolved - Constructs a 3-D cylindrical mesh with
an axial cross-section based on a selected open shape drawn in X-Y and
rotated through 180 degrees around an axisin the Y-Z plane, selected by you.

Design / 3-D mesh / Sheaves - Constructs a mesh between two open
shapes selected in red. If the shapes are all at the same depth the result will be
a 2-D mesh otherwise it will be 3-D.

Design / 3-D mesh / Lofted - Constructs a 3-D mesh by covering a series
of open shapes, representing cross sections at that position and drawn in the
XZ plane, e.g. boat or wing profiles. First draw the cross sections in the XY
plane then flip them into the XZ plane with "Design / 3-D effects/ Flip X and
Z planes’, then sdlect them all and use this function. The smoothing function
is very useful to enhance the final result. Please note that the maximum
number of usable sections for one lofted mesh cannot exceed 32.

Design / 3-D mesh / Extruded - Constructs a 3-D mesh by extruding
selected objects from a flat rectangular surface, the area of which is deter-
mined with the mouse. This feature can be used with both closed and open
objects and in the second case it is necessary to input the distance from the
object at which the mesh is to be created. The resulting shapes can be either
male or femal e depending on the depths used.

Design / 3-D mesh / Contour lines - Constructs a rectangular mesh with
Z depth depending on selected contour lines.

Design / 3-D mesh / Resection points - Constructs a rectangular mesh
from simple Z points that must be selected and are considered as attractors.

Design / 3-D mesh / Track - Constructs a ridged mesh with smple
doping walls, using the selected open shape as the crest of theridge. Y ou can
select the depth and lateral distance from the object to determine the wall
profile, asif the track was made by a conical tool.

Design / 3-D mesh / Background Image - Constructs a mesh of dots or
lines whose depth varies according to the brightness of the pixds of the
background image, in a given area to be pointed. This will produce a 3-D
profile for use with a conical engraving cutter. The result may be long to
machine in dot mode, but is very spectacular with photos. Once the wiremesh
has been created and sdlected, it is possible, from the position & dimension
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dialogue box (&) key), to globally darken the machined result by increasing
the top depth Zo, or to increase the contrast by stretching the depth field Dz.
This wiremesh function is obvioudy related to the function "Display /
Background image' and the result can be checked with "Display / Find
rendering / Trace" or the corresponding icon.

Design / 3-D mesh / Change / Add perpendicular mesh - Creates a
framework of mesh lines perpendicular to the selected mesh.

Design / 3-D mesh / Change / M ake bi-directional - Thiswill convert a
unidirectional mesh into one with alternate directions along adjacent
(paralld) lines

Design / 3-D mesh / Change / Make unidirectional - Thiswill convert a
bi-directional mesh into one with the same direction along adjacent (parallel)
mesh lines

Design / 3-D mesh / Change / Make continuous - This will convert
individual mesh linesinto a continuous zigzag mesh, i.e. the cutter will not be
retracted at the end of each mesh line.

Design / 3-D mesh / Change / Make individual - This will convert a
continuous zigzag mesh into a series of individual mesh lines, i.e. the cutter
will beretracted at the end of each line,

Design / 3-D mesh / Change / Reduce stepover - Reduces the spacing
between adjacent mesh lines of the selected mesh.

Design / 3-D mesh / Change / Increase stepover - Increases the spacing
between adjacent mesh lines of the selected mesh.

Design / 3-D effects/ Reverse Z trajectory - Inverts the depth profile of
the selected object and places the lowest depth upwards.

Design / 3-D effects/ Flip X and Z planes - Exchanges the X and Z co-
ordinates of the selected object.

Design / 3-D effects/ Flip Y end Z planes - Exchangesthe Y and Z co-
ordinates of the selected object.
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Design / 3-D effects/ Frame Z trajectory - Sets alower and upper limit
on the depths of the selected object.

Design / 3-D effects / Project onto tilted plane - Increases the depths of
points on the route of the selected object according to the value of its XY co-
ordinate. Thetilted planeis XZ or YZ; relative depths are kept.

Design / 3-D effects / Apply onto background - Changes the depths of
the selected objects depending on neighbouring objects, for example to apply
text onto an existing wiremesh. The depths of the selected object are added to
the neighbouring depths, with a weight factor that depends on the XY dis-
tance.

Design / 3-D effects/ Follow a continuous slope - Increasesin a regular
fashion, the depths of the points on the route of the selected object between its
point of departure and its point of arrival.

Design / 3-D effects/ Follow blue trace dope/ Along its'Y trajectory -
Increases or decreases the depths of points along the route of the selected
object, following the relative Y co-ordinates of the line of the object sdlected
in blue. Once again, the XY path of the blue object is used as a reference to
apply depth variations with Y co-ordinates becoming Z co-ordinates.

Design / 3-D effects/ Follow blue trace dope/ Along its Z trajectory -
Increases or decreases the depths of points along the route of the selected
object, following the relative Z co-ordinates of the object selected in blue,
which istherefore presumed to have a 3-D path.

Design / 3-D effects / Create a 3-D track - Builds a 3-D polygon of
which the variable depth allows a conical tool to flush the route of the two
selected objects.

Design / 3-D effects/ Transform using equations - Subjectsthe X, Y and

Z co-ordinates to three mathematical transformation equations. See the chap-
ter on "Special functions'.
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O "Display" menu

Display / Active Layer / Layer N - Allows you to define layer number N
as the active layer. All other layers remain in the background and objects on
them are visible in grey but not accessible. Unless filtered, objects in inactive
layers can be machined and are greyed or invisible (see next command about
visual layers), but remain unavailable for design operations. No sdlection
frame survives in an inactive layer. Furthermore, it is possible to limit
snapping to the objects of the active layer. This option can be set from the
advanced functions of the workspace parameters.

Display / Active Layer / Transfer to active layer / All objects on layer
N - Moves all objects from the chosen layer to the layer currently active, even
if they are locked. All transferred objects are automatically selected (even
those locked, one minor exception), to ease handling or to permit resending
them to another layer.

Display / Visual layers / Layer N - Allows background layers to be
hidden if required. The active layer is always visible.

Display / Visual layers/ All layers - Makes all background layers visible
(objectsin inactive layers are displayed in grey).

Display / Visual layers/ Active layer only - Hides all background layers
and only displays the active layer. If the active layer is changed, the view will
be updated accordingly.

Display / Visual layers/ Name layers - Allows you to name layers. These
names will be present in all future designs and are not connected to a specific
design.

Display / Trace/ Thin - Displays all objects on the active layer using thin
lines. Objectsin inactive layers are always thin and greyed.

Display / Trace/ Bold - Displays all objects on the active layer using bold
lines.

Display / Trace / Object dependant - Displays objects on the active layer
using a line thickness that has been design for each object (see the green
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design icon to define object colours and thickness).

Display / Trace/ Path / Start points - Displays a small cross at the start
points of all objects on the active layer whether or not they are part of alarger
connected tool path. This can ease the checking of tool plunges.

Display / Trace / Path / Link points - Displays a small point at the
linking points of all objects that are part of alarger connected toolpath in the
active layer.

Display / Trace/ Path / All points - Displays a small point at the vertices
of al objects on the active layer. The design may become a bit overloaded,
especially with curves, and the screen display slower.

Display / Trace / Tool compensation / Feed-in path - Displays the feed-
in path of a compensated toolpath, a circle represents the diameter of the
cutter and alittle arrow shows the path direction.

Display / Trace / Tool compensation / Feed-out path - Displays the
feed-out path of a compensated toolpath, a circle to represents the diameter of
the cutter.

Display / Trace / Tool compensation / Angles (roughing trajectory) -
Displays a circle representing the cutter diameter at all internal angles on the
trace of a compensated roughing toolpath. The threshold angle is set in
"Machining / Tool compensation / Advanced parameters’.

Display / Trace/ Tool compensation / Angles (finishing trajectory) -
Displays a circle representing the cutter diameter at all internal angles on the
trace of a compensated finishing tool path.

Display / Trace/ Protection - Displays a small shield at the start point of
all protected objects.

Display / Trace / Position anchors - Displays a small anchor at the start
point of all objects anchored to a position.

Display / Trace / Machining pauses - Displays a small cross at the start

point of all objects which require a machining pause. A pause is a validation
message that pops-up on the screen before machining the object, whilst the
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process hangs in mid-air. The pause can be defined in the machining data
(depth, speed, tool) dialogue box.

Display / Trace/ Identifiers/ None - Removes all object identifiers from
the active layer (see identifiers below).

Display / Trace / ldentifiers / Sequence - Displays the machining
sequence number at the start point of all objects on the active layer.

Display / Trace / Identifiers / Tools - Displays the tool number of all
objects on the active layer.

Display / Trace / Identifiers / Depths - Displays the depth (or range of
depths for 3-D objects) for all objects on the active layer.

Display / Trace/ Identifiers/ Z Changes - Displays the depth changes at
the vertices of all 3-D objects on the active layer.

Display / Trace/ Identifiers/ Feed speeds - Displays the feed speeds of
all objects on the active layer.

Display / Path colour mode / M onochrome - Displays all objects on the
active layer in black, i.e. no distinction is made between different cutters. In
fact, black is the default colour on a white background but can be changed
from the "Parameters/ Colours’, "Primary paths’ entry.

Display / Path colour mode / Layer dependant - Displays all objectsin
the colour set for their layers. Layer colours are set from "Display / Visual
layer / Name layers'.

Display / Path colour mode/ Tool dependant - Displays all objectsin the
active layer in the colour set for the cutter selected. Tool colours are set from
"Parameters/ Tools'.

Display / Path colour mode / Object dependant - Displays all objectsin
the active layer in the colour set for each. Objects colours are set from the
green design icon.

Display / Path colour mode / Default tool - Displays in black (actually
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the primary path colour) all objects on the active layer using the default tool
and therest in grey (actually the secondary path colour).

Display / Path colour mode / Default depth - Displays in black all
objects on the active layer using the default depth and the rest in grey.

Display / Path colour mode / Default speed - Displays in black all
objectsin the active layer using the default feed speed and therest in grey.

Display / Path colour mode / Black background - Sets the background
to black. Normal lines will appear in bright green. Please note that all display
colours are set from "Parameters/ Colours'.

Display / Final rendering / Trace - Displays a plan view of the cutter
path using a line of width equal to the cutter diameter, relative to the current
magnification and board dimensions. The left mouse button allows you to
zoom in and the right mouse button to return to the global view. Only the
active layer is concerned. Furthermore, if objects are selected, they are
displayed alone and the rest is hidden. It is possible to change trace and
background colours from the left side of the screen, just under the design
icons. All thisremains valid for other functions of final rendering.

Display / Final rendering / Mesh - Displays a 3-D wire frame
representation of the cutter path showing both the width and depth of the path
relative to the material dimensions.

Display / Final rendering / Surface Displays a 3-D rendered surface
representation of the cutter path, showing both the width and depth of the
path relative to the material dimensions.

Display / Final rendering / Parameters - Allows you to setup the few
parameters related to 3-D final rendering in mesh mode.

Display / Permanent final trace - Permanently displays the machined
trace of the objects in the active layer, calculated from the tool profile and
diameter. The colour is set in "Parameters / Colours', at the "Dot enhance-
ment” entry, which also corresponds to display enhancement spots around
isolated dots.
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Display / Quad view - Allows you to split the screen into four different
views of the current design, i.e. plan (XY), front (XZ), side (YZ) and 3-D
view. The basic layout of the split screen can by configured in "Parameters /
Workspace / General". A double-click on the 3-D view switches it to full
screen, and back again. When clicking on the corresponding icon, temporarily
pressing the key displays a quad view with arotary 3-D part.

Display / 3-D view / Plane - Displays the 3-D view at full screen size.
Thisisfor viewing only, no operations can be carried out on this board. When
clicking on the corresponding icon, pressing the key temporarily
displays arotating 3-D view.

Display / 3-D view / Cylindrical - Displays the 3-D view with a
cylindrical projection at full screen size. This is for viewing only, no
operations can be carried out on this board. In fact, the view can be non
cylindrical if an object is selected in blue and indicates the external profile.

Display / 3-D view / Detailed - Displays the 3-D view with projections of
al paths onto the top surface. Details are displayed only in the small 3-D
view, not in the full screen one. But if you double-click on the small 3-D
view, it will be magnified with details.

Display / Data palette / None - Removes the data palette at the top of the
screen. See the "Rapid data palettes’ section at the end of the "Advanced
design techniques' chapter for more details about data palettes. Please
remember that |eft/right mouse click on the palettetitle on the left skips to the
next/previous pal ette mode.

Display / Data palette / Layers - Displays a small palette at the top of the
design area, showing the layers used in the current design to allow rapid
selection of the active layer.

Display / Data palette / Tools - Displays a small palette at the top of the
design area, showing the cutters used in the current design to allow rapid
selection of them.

Display / Data palette / Machining depths - Displays a small palette at

the top of the design area, showing the machining depths used in the current
design to allow rapid selection of them.
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Display / Data palette / Feed speeds - Displays a small palette at the top
of the design area, showing the feed speeds used in the current design to allow
rapid selection of them.

Display / Data palette / Pen colours - Displays a small palette at the top
of the design area showing the colours used in the current design to allow
rapid selection of them.

Display / Data palette / Pen thickness - Displays a small palette at the
top of the design area, showing the thicknesses used in the current design to
allow rapid selection of them.

Display / Margins - Places a small margin around the design board,
allowing you to check trgjectories that have a certain tendency to escape.
Lateral margins are passive and it is not possibleto click in them.

Display / Rulers - Displays the rulers to the left and at the bottom of the
board. Rulers are purely visual; clicking on them calls up no functions.

Display / Visual grid / None - Removes the background grid from the
work board.

Display / Visual grid / Points - Displays a visual grid of points on the
work board.

Display / Visual grid / Crosses - Displays a visual grid of crosses on the
work board.

Display / Visual grid / Dotted - Displays a visual grid of dotted lines on
the work board.

Display / Visual grid / Solid - Displays a visual grid of solid lines on the
work board.

Display / Visual grid / Matrix - Displays a visua grid of millimetric
lines on the work board, which always correspond to the smallest ruler
graduations, whatever the zoom state is. This is probably the best mode of
operation if your computer is fast enough. Your graphic card must work in
"True colours’ mode.
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Display / Visual grid / Set step - Allows you to define the distance
between two lines of the visual grid.

Display / Background Image / Enabled - Allows you to display or
remove from the board the background image to trace from.

Display / Background Image / Open - Loads a background image (BMP
format, automatic conversion in black & white) to trace from. Zoom functions
remain valid until a maximum enlargement is reached. The background
image is of course passive and cannot be machined. See the "Design / 3-D
mesh / Background image" function to create a toolpath from a background
image. Please note that tracing is easier with alight image (or dark in case of
ablack background). See below functions for controlling light.

Display / Background Image / Paste - Loads a background image that is
currently on the Windows clipboard.

Display / Background Image / Scale - Allows the scale of the
background image to be varied as a percentage of the original. Galaad must
prepare the background image before its display, namely convert its levels of
grey, which can be along operation. Consequently, it is recommended not to
use big original imagesif they must be reduced here.

Display / Background Image / Position - Allows you to locate the
background image on the board.

Display / Background Image / Enlighten - Increases the global light of
the background image.

Display / Background Image / Darken - Decreases the global light of the
background image.

Display / Background Image / Contrast up - Increases the global
contrast of the background image.

Display / Background Image / Contrast down - Decreases the global
contrast of the background image.

Display / Background Image / Original - Undoes al light and contrast
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changes that have been applied to the background image.

Display / Background Image / Negative - Reverses the light of the pixels
of the background image, for a negative display.

Display / Global comment - Determines whether a comment produced
with the "File/ Comment" command isvisible,

Display / Visual dimensions/ Enabled - Displays visual dimensions that
have been added to the current design.

Display / Visual dimensions/ Recalculate all - Recalculates all dynamic
visual dimensionsthat have been added to the current design.

Display / Visual dimensions/ Delete all - Deletes all visual dimensions
that have been added to the current design.

Display / Unselect all - Removes all selections (objects, segments, points).
The shortcut key is [ ]Esc). Changing active layers does the same, except if
you use the rapid data pal ette.

Display / Set pointer - Setsthe size and format of the design cursor.

Display / Calculator - Opens the Windows calculator, provided that it is
located in itsusual system folder.

Display / Refresh - Rebuilds the current design. The hotkey for this
function is (Ctrl ] (Space .
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O "Text" menu

Text / Font style - Opens the text style dialogue box (font, size, spacing,
shading, etc.). Note: Kerning controls the spacing between two adjacent
letters taking their shape into account (an "A" followed by a "V", or an "L"
followed by a"T", etc.).

Text / Arrange letters - Allows letters to be sdected individualy and
positioned independently from the rest of the text. Movement from one letter
to the next is done with the help of the (tab) key or with the (&) (shift)
key to reverse direction. This command can also be found in the "Text" series
design icons.

Text / Edit - Places a selected block of text into an edit window to allow
you to both edit the text and change the alignment. This command can also be
found in the "Text" series of design icons, or from a double-click on a block of
text.

Text / Rebuild - Completely recreates all the selected text using al its
parameters.

Text / Convert to polygons - Converts the selected text into simple
polygons and curves based on its current style. Thisis a one way process and
any text specific properties (style, alignment and text) will no longer be
available. Objects remain associated.

Text / Split - Only works after a single letter has been selected using
"Text / Arrange letters' and splits the text into two distinct blocks at the
currently selected |etter.

Text / Merge - Merges all the independent blocks of selected text into one
single block. Style parameters are those of the first block of text in the
sequence.

Text / Writing direction - Opens a box in which you can change the
primary and secondary direction of texts. This allows some of the more exotic
languages to be used in their correct orientation.

Text / Increment numbers - Increases the first number found in the
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selected block of text by one unit. The block of text may be either normal or
auto-incremented.

Text / Decrement numbers - Decreases the first number found in the
selected block of text by one unit.

Text / Column of numbers - Creates a column of numbers in ether
descending or ascending order.

Text / Text file - Imports text from an external text file (*.txt). The text
retainsitstext format and can be edited by the above commands.

O " Parameters' menu

Parameters / Workspace / General - Allows you to set the genera
workspace parameters. See the chapter on "Workspace parameters’.

Parameters / Workspace / Advanced - Allows you to set the advanced
parameters for the application. See the chapter on "Wbrkspace parameters'.

Parameters/ Workspace / Restrictions/ Level 1-3 - Directly loads a set
of predefined restrictions, saved in the files LEVEL-N.CUS that have been
installed with Galaad but that can still be modified.

Parameters/ Workspace / Restrictions / Change - Allows you to define
restrictions, i.e. customise the Galaad workspace by removing icons and menu
functions. See the chapter on "Wobrkspace parameters'.

Parameters/ Workspace / Override restrictions - Allows you to ignore
al restrictions that have been previoudy imposed on the workspace, and
therefore come back to full mode (restriction set is not lost).

Parameters / Workspace / Change password - Allows you to change

your password in the usual manner. Note that the password is stored in the
PASSWORD.TXT filein the installation directory.

Overview of menus — 12-211




GALAAD 3

Parameters / Colours - Gives access to display colours of all visua
components of Galaad and its machining module.

Parameters / Function keys - Allows you to customise the keyboard by
assigning a menu command to each of the function keys from F1 to F12,
alone or associated with (ctrl ). Just click on the corresponding line then select
a command in the top menus. Please note that the F10 key is generally
reserved by Windows and is not customisable.

Parameters/ Visual dimensions - Sets the style of all visual dimensions
that have been added to the design.

Parameters / Network / User - Allows you to configure the current
settings of the workstation on the local network. See the chapter on “ Using a
network” .

Parameters / Network / Workgroup - Determines which workgroup the
current Galaad instance is attached to. This does not modify the Galaad
installation but changes the access to central folders on the disk of the master
workstation. See the chapter on “ Using a network” .

Parameters / Network / Upgrade workspace - If the PC is ether a
standalone workstation or a networked "Master”, the current environmental
parameters will be saved, or if the PC is a secondary "Save', new
environmental parameterswill be loaded from the master workstation. See the
chapter on "Using a network".

Parameters/ Tools - Allows you to define the detailed parameters of the
cutters within their own tool library. See the chapter on "Toolpaths".

Parameters/ Machine / Basic data - Allows you access to the basic data
for the CNC. See the chapter on "Machine parameters”.

Parameters / Machine / Full data - Allows you access to the full details
of the CNC. See the chapter on "Machine parameters”.

Parameters/ Machine/ 1-O test - Opens a reduced dialogue window that

helps you control the inputs/outputs of the machine, without motion. This
function is useful for checking the eectrical connections. See a'so "Machine /
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Manual control" command.

Parameters/ Machine/ External driver - Allows you to use a milling or
CNC upload programme that is not part of Galaad. See the end of chapter
"Machine parameters’.

Parameter s/ Machine / Post-processor - Defines afile format for export,
for a generic numerical controller or for an external driver that uses a parti-
cular language unknown to Galaad. All usual syntaxes are possible, with
predefined canvas for the most common.

Parameters / Auto save - Allows you to set the period of time between
each auto-save of the current design.

Parameters / New file defaults - Allows you to define the default “new
fileg" settings.

Parameters/ Rapid depth changes - Allows you to determine the change
in depth when using the or (=) hotkeys.

Parameters / Automatic feed speeds - Opens the dialogue box which
allows you to change the settings of automatically calculated feed speeds.

Parameters / Save parameters - Allows you to save the current set of
parameters (environment, restrictions, CNC, tools) under a given name.

Parameters/ Load parameters - Allows you to fully or partially load, a
set of parameters previoudy saved using the above function.

Parameters/ Transfer disk / Send parameters - Downloads the full set
of parameters currently in use, to a floppy disk from which they can be
transferred to another work station.

Parameters / Transfer disk / Receive parameters - Uploads al or part
of a set of parameters previoudly saved onto disk using the above function.
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O "Help" menu
Help / General - Displays general help on the use of the programme.
Help / Tips - Displays useful tips on using Galaad.
Help / Machine - Displays help on using the machining module.
Help / Restrictions - Displays help on setting restrictions.

Help / Debugging - Creates a text file containing some or al of the
parameters currently in use, together with those of the last machining opera-
tion to assist technical support staff. For more information, please refer to
section "The hunt for bugs® in the chapter "Machine parameters’'.

Help / Licence - Allows you to enter a temporary licence code that is
valid for one month with the key unplugged. This licence can be renewed
three consecutive times maximum, and the current installation of Galaad
must have detected the key at least once during the past three months. The
only purpose of this command is to allow the replacement of a lost or
damaged key and keep on working while it is returned. This function cannot
unblock the user's licence of a Galaad installation that has no key. Please
note that the identification number is not fixed and changes every time a new
temporary licence is validated.

Help / About - Displays version and copyright information. This dialogue

box also provides information about your installed version for potential
updates, and indicates the status of your licence.
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This chapter is aimed at seasoned users who relish overcoming the many
obstacles and technical pitfalls present in order to wring the last drop out of
the software. This will expose a few of the software's speciality functions,
which will push it to the limit. It is expected that the vast mgjority of users
will be happier to simply skip this chapter. Here the Number reigns supreme.

O Got a head for maths?

No doubt you have noticed the "Equation" command hidden at the bottom
of the "Design" menu. This will project you into the frozen and sophisticated
universe of applied maths. With the help of a few equations, you can create a
2-D or a 3-D trajectory from a polynomial.

Set the dimensions of a new board to 100 ? 60 ? 30 mm and use the
"Design / Equation / Simple y =f(x)" command. Now enter the equation
Y =20*SI N( 3. 6*X) in the appropriate text box, leaving the default values
for X, (varying from 0 to 100 in steps of 1), but set Yo = 30 mm.

Click on the OK button and a Sine
curve, with a period of one, pops up
like a jack-in-a-box. This could have
been produced more easily, by using
the design icon for this purpose.

The SIN( ) function uses degrees and not radians, the result of which is
that X varies from 0 to 100 in steps of 1, consequently the SIN component
varies from O to 360. The amplitude is determined by the multiplication factor
to the left of the "SIN" component, in this case 20mm, and the depth is given
by the value of Zo.

Another little one, just for fun:
Y =10*LOE X) with X varying from
1 to 100

in steps of 1, and
Yo =30 mm.
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If you inadvertently set X to 0 and consequently the LOG( ) function to O,
an error message and reprimand will probably appear to remind you that
LOG(0) is not allowed. But now let us move on to more serious matters, a
double equation for a flat curve. Call up the "Design/ Equation/ Triple
(x,y,2) = (f,g,h(t))" command and enter the following equations:

X =20*COS( 3. 6*T)

Y =20*SI N(3. 6*T)

Z=0.25

Thistimethevariableis T, and as before it varies from
0 to 100 in steps of 1. The X-axis is proportional to the
COSINE and the Y-axis to the SINE of T, both of which
are developed over 3.6 ? 100, (i.e. 360 degrees), and have
a common amplitude of 20. This produces what |0oks very
likeacircle of 20mm radius.

Don't forget to set the centre of the board as Xo and Yo. For starters, you
can amuse yourself by entering the eguations described below, with the
variable T varying from 0 to 1 in steps of 0.01, with Xo and Yo always at the
centre of the design board.

Spiral: X = 20* T* S| N( 4* 360* T)
Y = 20* T* COS( 4* 360* T)

Cardoid: X =10*(2*SI N( 360* T) - SI N( 2* 360* T))
Y = 10* ( 2* COS( 360* T) - COS( 2* 360* T) )

Epicycloid: X = 20* COS( 360* T) - 2* COS( 10* 360* T)
Y = 20*SI N( 360* T) - 2* SI N( 10* 360* T)

Trochoid: X =20* COS(360*T) - 4* COS( 10* 360* T)
Y =20*SI N(360*T) - 4*SI N( 10* 360*T)

Lissjous. X =30*SI N( 2*360* T)
Y =30* Sl N( 3*360* ( T+0. 05) )

SEERUEQ
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For the same price, you will find their general equations given below, for
the angular variable T, running from O to 360 (degees):

Spiral: X=SIN(N*T) *R*T/ 360
Y = COS(N*T) *R*T/ 360
Where N isthe number of spirals and R the maximum radius.
Cardoid: X=R(2*SIN(T) -SIN(2*T))
Y =R (2*COS(T) - COS(2*T))
Where R isthe size of the cardioid.
Epicycloid: X =(R1+R2) *COS( T) - R2* COS( ( (RL+R2) / R2) * T)
Y=(RL+R2) *SIN(T) - RR*SI N( ((R1+R2) / R2) * T)
Where R1 and R2 are the radii of the internal and external
circles of the epicycloid.
Trochoid: X =(RL+R2)*COS(T) - H*COS( ( (RL+R2) / R2) *T)
Y=(RL+R2) *SIN(T) - H*SI N( ( (RL+R2) / R2) *T)
Where R1 and R2 are the radii of the internal and external
circle of the trochoid, and H is the period of the moving point.
Lissajous; X =AX*SI N(FX*T)
Y = AY*SI N(FY*( T+Del t a) )
Where AX and AY are the amplitudes of the Lissgjous dlipse,
FX and FY the horizontal and vertical frequencies, and Delta
the smallest phase difference between the points.

This little list is certainly not exhaustive, not by a long shot! The only
limit to the creation of crooked curves is the imagination and moreover the
spirit of geometrical adventure of the user. But there is more to life than
maths.

Galaad understands the following functions:

ABS ( ) returns the absolute value

ATG ( ) returns the arc tangent, in degrees
ATGR (...) returns the arc tangent, in radians
ces (...) returns the cosine, in degrees
COoSR (...) returns the cosine, in radians
CUBE (...) returns the cube

EXP (...) returns the exponential

FRAC (...) returns the fractional part
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HCCS ( ) returns the hyperbolic cosine
HSIN (...) returns the hyperbolic sine
INT (...) returns the integer part
LN  (...) returns the natural (Naperian) logarithm
LOG (...) returns the logarithm to base ten
RAND (...) returns a randomised value (max argument max = 999)
RND  (...) returns the value rounded to the nearest whole number
SIN (...) returnsthe sine, in degrees
SINR (...) returnsthe sine, in radians
SR (...) returns the square
SQRT (...) returns the square root
TG (...) returns the tangent, in degrees
TR (...) returns the tangent, in radians

To finish in style, try a small triple equation that will launch us violently
into the third dimension, T varies from 0 to 600 in steps of 1:

X =20*C0OS(3.6*T)

Y =20*SI N(3. 6*T)

Z=T/20

Note well that the value of T varies from 0 to 600, which will give us an
angular variation for the sine and cosine values ranging from O to 2160
degrees, namely 6 complete revolutions. Don't forget to set the centre of the
board as Xo and Yo. At first sight, the result is a simple circle, centred in the
middle of the board. But select a 3-D view of it and you will seethat isin fact
a helix, descending into the board, which is quite obvioudy due to the linear
variation of Z. If you like maths, have fun experimenting.

A small additional feature, Galaad allows the user to apply these equations
to existing objects and transform their appearance. Simply sdlect the object
and apply the "Design / Effects 3-D / Transform using equations’ command.

The co-ordinates entered in the equations are always given as variables,
but relative tothe south-west cor ner of the object Because of thisits global
position on the board is not changed as a result of the transformation. These
equations accept the labels " X" and "Y" as variables, which correspond to the
points making up the object, and it must be understood that when using
multiple equations it is the initial values of these co-ordinates that are passed
to the mixer. Each equation is based on the results of the previous equation in
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the order in which they are processed. OK, but don't ook, as thisis deep in
the internal workings of Galaad. Don't forget to add the original value of the
co-ordinate into each equation, if you do not want to completely flatten your
object

For example, you must write
Y = Y+20* S| N( 4* X) and not
Y =20*SI N(4*X), the result of which
will be that the object will lose al its Y
thickness.

Try this triple equation, the results are interesting.
(enjoy...)
X =50+( 2+Y+X/ 10) * COS( 4* X)
Y =(2+Y+X/ 10) *SI N(4* X)
Z=X/10

The following little creation works very well in space, smply open the file
"3-D\ MOGULS" to see the results. We will give you the recipe set the
dimensions of a new board to 100 ? 60 ? 20 mm, and create a network of
lines, quite closaly spaced, covering the surface of the board, thisis easiest by
simply duplicating one. Select everything and transform them using
equations, the magic formula being X = X; Y =Y (you can smply leave these
boxes blank, Galaad will quickly understand that nothing changes here), and
aboveall Z =10+5* SI N( 10* X) * SI N( 10*Y).

Well stop the massacre there. Y ou can wake up now, that’s the end of the
maths.
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O 3-D meshes

Before starting to rejoice, it might be a good idea to check whether your
CNC is capable of exploring the third dimension. If it is only capable of
journeying with two axes then reading this section will be for pleasure only,
but at least you will know what the software is capable of doing.

As you will no doubt have realised, Galaad's design editor works on an
XY plan and allows the occasional excursion into the thickness of the board.
The presence of the Z-axis only becomes apparent when it is necessary to
specify a depth at which to cut, and becomes a redlity only at the time of
machining. There can be as many different depths as there are objects on the
board and these objects are all perfectly flat, with a constant depth for the full
length of the path.

Despite this primitive flatness, the code in memory actually has a Z co-
ordinate for each point on the object. In the case of aflat object, the Z code is
redundant and regrettably useless, but watch the projections and deformations
as you can never tel just what can happen to an object. Therefore the internal
code in Galaad for co-ordinates (memory and files) is always 3-D, in a way
that is absolutely transparent to the designer. To confirm this, try selecting a
point in red and pressing the (&= key. The co-ordinate window will show the
3-D values for it, i.e. X, Y et Z. Consequently you can select points along a
trajectory, one at a time, and set their depths to create a toolpath of varying
depth. Thisisclearly seen when using the lateral views

In the "Design / 3-D effects’ menu, or the special effects icons, you will
find a few functions for manipulating objects in space. Simply sdect a
tragjectory in blue, that will provide the variation in Z for the object selected in
red. Remember that by keeping the key pressed whilst sdlecting an
object, the selection is made in blue (instead of red). This is also valid with
points and segments when used with the right mouse button.

To construct a mesh, Galaad uses more or less the same principle, except
that it no longer needs the blue trace, the red one is sufficient. Draw in the
normal XY plan mode the profile that you want to appear in either the XZ or
YZ plane. It is not necessary to produce a lateral view, as Galaad understands
perfectly what you want from the red trace.
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Draw any curve, for example a Bézier curve, with the trajectory going
from left to right, that does not double back on itself i.e. no two points
should have the same X co-ordinate, but it can go up and down. Got it? Select
the curve and use the "Design / 3-D mesh / Rectangular” command, which
will produce a dialogue box requesting the spacing of the mesh and a few
additional parameters. Completeit and pressthe OK button.

You will be returned to the drawing board, then asked to define the
rectangular area of the mesh. Use the mouse to drag over a large rectangle
that covers most of the board and is wider than it istall, (X > Y), but don't
worry if it overlaps with the curve.

Galaad will generate a mesh,
the size of the rectangle and use
the reference curve to generate
the variationsin the Z depth. The
quad view is then automatically
displayed if not already active.
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Depending on the design of your curve and the thickness of your material,
it is possible that you will get an error message stating maximum depth
exceeded. Ignore this for now. With two shapes and three movements, you
have constructed a mesh describing a 3-D surface. The rest of these are just
variations on atheme,

Returning to the plan view, the reference curveis no longer selected, but is
still present on the board and has changed colour. Galaad understands that it
is an object used to produce the design but not to be machined and conse-
quently transforms it into a visual object. Anyway, it has not lost any of its
characteristics and can be modified if you wish.

Now delete your mesh and draw a second curve, for example an arc with a
large radius, then select them both.
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You now have two references T\
selected. Generate a new rectangular
mesh with the same parameters. This
time Galaad will construct a mesh
that makes the transition from one
curveto the other.
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TheY position of each object determines which reference curve will be the
nearest to each edge of the rectangle. This mesh requires a CNC that is
capable of 3-D interpolation as all points on the surface are at a variable
depth. Galaad can use a maximum of two reference curves with this type of
mesh. Thereis one way to extend this principle, as we will seelater.

Now draw two simple objects, for example /_\_/

a

Bézier curve and an arc with a large radius. Lay "
them out such that oneis generally in the X direction
and the other in the Y direction without doubling
back, asillustrated.

Select them both and apply the "Design / 3-D mesh / Crossed” function,
providing the necessary parameters.

This time Galaad does not ask you to
define a rectangle but constructs a mesh
-~ » from the two curves, using the intersection
- point and their lengths to define the mesh
* size and position. It is as though you had
drawn the XZ and YZ lateral sections of

your mesh.
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The shape of the Y curve is applied to the depth first, followed by the X
curve to produce the overall 3-D effect.

You already know how to create a rectangular meshed surface from one or
two simple shapes drawn in plan. Now we will review another variation along
the same lines, but thistime producing aradial surface.
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Delete everything from the drawing
board and draw a Bézier curve, similar
to that shown on the left, using the
appropriate design icon. As before
ensure that the curve does not double
back on itsdlf in the vertical plane.

Select the curve and use the "Design / 3-D mesh / Circular” command,
then provide the necessary parameters for the mesh. Finally, you have to draw
two concentric circles with different radii. Make one of them small and the
other large so that a decent sized mesh is produced.

Galaad performs a few calcula-
tions then displays the results in the
form of a circular or toroidal mesh
comprising concentric and radial
mesh lines. The quad view is then
displayed automatically so that you
may admire the results.

Take a cross section along any of

the radial mesh lines, the original A
reference curve is dearly visible. The ll...'""'lf";]f-:
variation in depth of each radius, ’?"Il",;’l,;’&
from the centre outwards, follows the ,%g,é@/

profile of the curve from left to right. ==

The absolute dimensions of the reference curve will be adjusted to match
the length of the radii, which are defined by the distance between the inner
and outer circle. Each concentric circle in the mesh is confined to an XY
plane (the depth is constant) and consequently can be machined with a 2v2D
machine. Alternatively, you can define the inner construction circle as having
aradius of zero, i.e. apoint, to avoid having a holein the centre of the mesh.

Now we will move on to a different type of mesh, this time cylindrical
rather than circular. Start with something simple and generate an arc, with a
very large radius, by using the icon for an arc defined by three points. You
can equally use any other icon that will allow you to produce a similar result.
Don't worry about being precise, it’s not too important. Select it and position
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it somewhere towards the top of the board. Now use the menu command
"Design / 3-D mesh / Revolved" and quickly move on past the dialogue box
that appears.

Position the horizontal axis about
half way up the board and click to set
the position. This will be the axis
around which the shape will be
revolved. Once again, Galaad knows
how to manage the situation itself
and will rotate the curve through half
arevolution to produce the mesh.

tiyue !
uatfiusilent
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If you are unfortunate enough to trigger an error message telling you that
the thickness of the material has been exceeded, don't worry, just accept it.
For now it isimportant to understand how the function works, you can always
work out for yoursdlf any questions relating to thickness when you come to
machine the thing.

It goes without saying that you can
also do the same thing with different
reference objects, and they will
produce an even more complex result.
As with al the other types of mesh,
avoid any doubling back as this will
produce a mesh that will be difficult
or impossible to machine.

The "Sheaves' mesh method follows the same construction technique as
for designing flat sheaves between an object sdected in red and another
selected in blue. Consequently, it is first necessary to set the depths of each
object. Galaad will then be happy to create sheaves between the two and add
the perpendicular mesh lines, noting that the dojects must both be selected in
red thistime.

The last type of mesh that can be produced with Galaad involves drawing
a series of sections of the required result. Granted that it is a bit more
complicated, but it can be viewed as an extension of the rectangular mesh
method. The aim is to draw, in XY, a series of XZ sections, which will be
used as references to construct the mesh. Select each XY section, one at a
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time, and use the "Design / 3-D effects / Flip Y and Z planes’ command,
which will convert them to XZ sections. Ensure that you are happy with their
positions on the board then select them all before calling the "Design / 3-D
mesh / Lofted" command and compl eting the ensuing dial ogue box.

Viewed from above, the result is smilar to the
rectangular mesh method, but thistime the areais defined
by the outer extremities of the reference objects, rather
than being a simple rectangle. The width of the result is
determined by the width of the reference objects whilst
the height of it is controlled by their position on the
board. What is not so clear from this view is how the
depth and profile of the mesh have been generated, as the
original reference sections can not be distinguished from
the rest of the mesh. The YZ lateral view shows how the
mesh changes at the reference sections.

AT,

However, the 3-D view shows how
this method of construction works
much better. The successive sections,
originally drawn in XY, now provide
the controlling XZ sections and retain
their existing dimensions.

As usual, we will finish on aligh-
ter note. Try and quickly construct a
somewhat strange and rather artistic
shape instead of something useful, by
using several sections drawn free-
hand. Note that Galaad only uses a
maximum of 32 reference objects.
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In addition, note that if two objects occupy the same Y position, there will
be two different sections at the same spot, which is not possible except to
make an infinite number of transformations. Galaad does not do this and will
refuse to produce the mesh.
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O General

The Kay module is a component of Galaad software that can be used
independently, either with the Galaad standard licence, or with its own
limited licence. Kay is a CNC machine driver i.e. it smply loads CAM
files under 1SO G-code, Isel-NCP or MasterCam NCI format, from which it
supervises the automatic milling process once the workpiece origin has been
set using the same functions as Galaad's standard machining module.

Kay is specialised in the milling of 3D toolpaths, from 3 to 5 axes. 4"
and 5" axes are presumed to be normalised, i.e. rotary axes A and B
according to the current standard. The manual drive applies to all axes that
are available on the machine.

B

File Parameters Help

- Commands - Move
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At start-up, Kay displays a classical manual control window for workpiece
origin intake, and immediately asks for a file to be machined. If you do not
select afile, it can be used as a manual drive module.
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Please note that the file name can be passed as an argument with its access
path, in which case the file will be opened automatically. Hence Kay can be
directly integrated at the end of a CAD-CAM-CNC processing chain. If you
use a software application that can create the toolpath under a format known
to Kay, and that this application can call an external machine driver (as
Galaad does) and give it the name of the file that has been created, Kay will
automatically open this file. The file extension then indicates the format. If
this extension is not known to Kay, just add it as an argument next to the file
name, in brackets. Examples:

? "C:\Program Files\Galaad\Kay.exe"

calls Kay without giving it afile to open;

? "C:\Program Files\Galaad\Kay.exe" "C:\ CadCam\File.iso"

calls Kay and asksit to directly open the file under 1SO format;

? "C:\Program Files\Galaad\Kay.exe" "C:\CadCam\File.xyz" (iso)

calls Kay and asks it to open thefile, the format being given after the name.

O Fileorigin & coordinates

As soon as the file is loaded, Kay succinctly =
displays the volume that is used by the toolpath on 1) 25255 gggg;
XYZ axes with extreme values, and the speeds for i spmed: Hone (= 50 ms]
feed and rapid movements. This is purely indicative reedse=d fe T
information, which you cannot change here.

It is important to keep in mind that the formats of the files Kay reads
contain no data about the raw material dimensions, information which is
essential for a milling process with Galaad. These files provide only vectors
and arcs that define the active and inactive toolpath, with corresponding
speeds and cutter references. It isimpossible to deter mine either the shape
or the dimensions of the raw workpiece from the file datahe automatic
drive will therefore start from an origin point that must be defined on the
machine bed. The origin point that is set with Kay correspondsd point
(0,0,0,...) of the file. This point may even be completely outside the tool path,
depending on the co-ordinate system and the offsets that have been applied by
the application that produced thefile.
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Please note that it is common practice to find the zero point XY (0,0) at
the south-west angle of a rectangular workpiece, the zero point Z being
generally located at the top surface of the workpiece or at its bottom surface.
You must manage the position of the file zero point yourself from the
module that has been used to create it.

In case of a 4-axis machining task, the standard location of the Y
origin point is always at the centre of rotation of the A axis'his standard
appliesto Kay's graphical display. If your file did not use this, the display will
not represent the toolpath correctly, nevertheless the machining process will
remain correct, provided that you have set the Y origin at the corresponding
location in the file. For 5-axis machinings, the X origin point is similarly
presumed to be located at the centre of rotation of the B axis. Otherwise Kay's
co-ordinate system complies with the geometrical standard with ascending
values for X from west to east (left to right) and for Y from south to north
(front to rear).

However, it is till possible to change the file origin pointonce it has
been opened in Kay. The "File / Dimensions & origin" command opens a
dialogue box in which you can manually specify the Cartesian dimensions of
your raw material, and locate the origin point inside these dimensions,
including a fixed position at an XY corner of the rectangle and the Z point at
the top or bottom surface.

x| The Correspondi ng
~ Dimensions File origin - H
A width : B0 mm 70 [from west border] : |2 667 mm : dl al Ogue mx Car] be

o
¥ length : |92 i Yo [from south border] IZ.ES? mm EII dl $I aya:I a/ery tl me a
Z thickness : |21.258 mm Zo [fram top surface] : |5 mm . f||e |S Opmaj |f you SO

— orkpiecs oigi wish. To enable this
1¥ %t signto [sourves 7] function, please tick the

Felocate of raw material
¥ Z arigin to |upper suface * ancel H
= corresponding checkbox
™ Display this window at every file opening at the bottom.

There are more commands available in the "Fil€" menu to manualy shift,
reverse or rescale co-ordinates. You may also filter part of the fileby
indicating start and end points of the toolpath. All vectors and arcs loated
before or after will be ignored but commands that concern speed, tool change,
etc. will remain active.
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O Workpieceorigin

As soon as the file is loaded and the active range message validated, Kay
starts communicating with the machine. The current ONC parameters and
communication port are stored in a file that is shared with other Galaad
modules: changes in the machine parameters apply to all modules (provided
that you restart them if they are already open on the desktop). There is no
need to delve into details here; for further information on these CNC para
meters and what they refer to see chapter 9 "Machine parameters'.

The workpiece origin intake is driven classically from the manual control
pand and green buttons for validation. The purpose of the manual driveisto
tell Kay where the file zero point is on the raw workpiecdo do so,
simply move the cutter head manually towards the co-ordinates of the
reference point, one axis at a time. Use the XY and Z motion buttons at top-
right. When you dick on a button, the movement is continuous and stops
when you release the mouse. You can also use the keyboard arrows or, even
better, the joystick, to drive the axes. If you wish to make a fixed length
movement, use the small radio-buttons indicating lengths, on the righthand
side of the screen. The movement stops when you release the command or the
distance has been reached.

You may enter a numerical positionto fetch by clicking directly on LED
displays at bottom of the screen, or by pressing X,Y or Z keys.

¥ BEOOE o Y HED.00 mm Z BEOOE o

However, the goal of the workpiece —— ;
origin intake is not just to make the 7
i)

machine move along its axes. Natural-

ly Kay always knows the position of +
the cutter head, but it still does not "y \
know where the toolpath is on the v |

machine bed. e X o+

It is not necessary to position all axes simultaneously at the workpiece
origin point. To ease the procedure, you can operate separate approaches for
X, Y and Z then validate the correct position for each axis individually. For
example, you movethe Z axisto the point that correspondsto thefile zero Z,
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and once the machine is at the correct position, click on the green button that
alowsyou to validate the Z position & 2z-ok )

Wiarkpiece origin The Z position then "jumps’ into
Postion:  +[ 12 v+l 2 z-[e2 the workpiece origin position.

Simply follow exactly the same steps for all other axes, including rotary
axes if necessary, by physically approaching the point on the workpiece
presumed to correspond to the zero point in the file, and click on the other
green buttons.

It is not necessary to move the axes to the origin point before starting the
process. If you have a fixed XY clamp and all your tool paths refer to this co-
ordinate system, i.e. start from this point, then you just have to set the XY
origin once and for all when you prepare your very first workpiece process.
Incidentally, it is possible to memorise origins and recall them later. The
axis positions for the Z axis and for any potential rotary axes can also be
memorised, the last position used remaining valid until it is moved. If your
machine is fitted with a tool sensor, please refer to chapter 7 "Advanced
milling functions®, section "automatic tool measurement” for detailed
information. The method is the same with Kay.

Note that the keyboard space bar stops a display update that is
in progress. This can be useful with very big files on a dow computer, to
avoid unnecessary screen updates.

1
O Parameters

The whole of chapter 9 is dedicated to the "Machine parameters'. Please
refer to this chapter if you need any information about how to define your
machine from the Kay module. Setting the machine parameters is exactly
the same from the main module, Galaad, or from Kay, and any changes
that are made from a given module apply for allChanging one or several
CNC parameters resets communication as soon as the changes are entered. In
the same way, the "Parameters / Reopen communication” command avoids
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closing then restarting Kay in case of a break in communication, for example
a temporary switch-off of the machine. The initialisation process is then
restarted.

The "upload to CNC memory' and "save to CNC card' options concern
only machines that have a local memory, which is able to store the whole
toolpath and execute it localy, either from the buffer memory or from a
memory card or disk drive.

It is possible to trigger a system shutdown once the automatic milling
process is complete. In such case, Kay is automatically closed once it has sent
a system shutdown command to Windows.

Depending on its format and its generator programme, the toolpath file
may or may not contain commands that switch acoolant device on and off.
Obvioudly, Kay switches off the coolant at the end of the process, whether it is
complete or not, even if this switch-off was not specified in the file. In all
cases, the output that corresponds to the coolant system must have been
defined in the machine parameters.

A repeated process can be =
defined, so that the cycle will be
| Repeat the pracess after a pause of lT s
raartaj after a w ddayl and once ™ Reference move between cycles
the previous cycle has been comple- R Leave ssinde an

ted with no errors. The workpiece el

origin remains the same.

A serial processcan aso be para- x

metered, to get a matrix of workpieces =~ Mekes
. . 3 number : |7 Shift: |3 mm
on the machine. It is necessary to [ M ]
o B vamber: 5 shit-[3 e | (IOOO
Indl Cate the numba. Of Worka&S per ™ Reference move between cycles =
row and column, and the origin offsat B lesrmsmtis
from a given workpiece to its closest XY =
T S

neighbours.

Cancel |

At the end of a cycle, the machine moves towards the tool change
position if another tool must be mounted to complete the process, or towards
thetool parking positiononce the workpiece is finished.
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| When opening a CAM file, cont
taining several successive tool cycles,
that apply for example to roughing and
finishing passes, but it can also be
something more complicated, then you
are immediately prompted to indicate
how tool changesshould be managed by

Kay.

Curent file containg several cycles that call
the following tools
> 1/2/4/7/97/13/18/22/25
" Ignaore tool changss
 Estract tooln* [T = and sject olhers
% Manage tool changes :
™ with unchanged Z origin
 with manual Z origin intake
& with automalic Z measuing

Thelist of tools that have been detected in the file is displayed at top of the
dialogue box, and several options are then available:
1- Tool changes are ssimply ignored. In this case, Kay will consider that one
single tool is used to machine the whole path, i.e. the one that is mounted on
the spindle when starting the process. Then the whole file is machined with
no interrupts.
2 - Only onetoal cyclein the file must be processed. The code lines that refer
to this tool are the only ones that generate machining motion, and all others
areignored. It istherefore possible to redo an exclusive cycle.
3 - Tool changes are managed by Kay. Then several sub-options are possible:
3.1- All tools are pre-calibrated or have the same virtual length, i.e. moun-
ting a new tool does not require setting a new workpiece origin for the Z axis.
In this case, Kay interrupts the machining process when it comes to a tool
change command in the sequence that has been defined in the file, and
displays a message that asks the user to mount the new tool that is going to
start its cycle. As soon as the message is acknowledged, the process is
resumed.
3.2 - Any tool change requires a new workpiece origin intake for the Z axis.
In this case, the tool change message is displayed but then Kay returns to the
manual control screen for the intake of a new workpiece origin. Clicking on
the yellow button that launches the process, starts the new cycle.
3.3 - Tool changes require a new workpiece origin intake for the Z axis, but
this can be done automatically by the tool sensor. In this case, as soon as the
tool change message is acknowledged, Kay makes an automatic measurement
of the new Z origin on the tool sensor and immediately resumes the cycle.
3.4 - The machine includes an automatic tool changer, whose programmed
sequence was previoudy defined in the CNC parameters. Kay then parks the
current tool in its rack, selects the next one and if necessary measures it on
the sensor.
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O Milling

Like all other driving modules in the Galaad set, the big yellow button
starts the machining process defined in the file, from the previoudly set origin
point. It is possible to enable the "Stepped” mode, in which case every
machining command must be validated from the keyboard, except if the
corresponding option is unticked, at the bottom-left of the screen. Keep in
mind that the space bar stops the automatic process, the same as
when you click on the emergency button at the bottom-right of the screen.

_iojx)

® Abs  Rel

[~ Stepped

Pause J

i 1261519 = MoveAbs (|

The __r=s= ) button at the bottom-left of the screen allows you to interrupt
the machining process as soon as the toal is retracted above the workpiece. In
this case the interruption is not immediate. It is till possible to resume the
process where it has been interrupted. This can be useful to clean the tool or
workpiece during machining, with no risks of marking the material. However
if the toolpath is one single active block, the pause will have no effect since it
will correspond to the end of the global cycle.
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Like the standard machining module Lancelot, at the bottom of the screen
Kay displays some buttons that allow you to adjust the cutter feed speed and
the spindle rotation speed if under control. It is also possible to shift the Z
origin, i.e. change the toolpath depth whilst the machining cycle is in
progress. This offset is valid only for the current tool cycle and will not apply
to any subsequent cycles.

Once the automatic process is complete, all
@ - N tools having been called, the spindle is switched
S off, the last tool is sent to its parking position

- and a final message warns the operator that the
workpiece machining is finished.

If you have purchased only the Kay licence the current chapter may
look succinct or even incomplete. Please remember that this licence also gives
you access to the Lancelot module, which is Galaad's standard CNC driver
and has aready been described in chapters 3 - "Learning to mill" and 7 -
" Advanced milling functions" of this user's manual. Consequently, it is highly
recommended to read these chapters for more details, not only about Lancelot,
but also about the general machining process. Most functions that are
described in these chapters remain valid for the Kay module.

In the same way, chapter 9 - "Machine parameters' remains valid for the
use of Kay module, even if certain specific parameters only refer to machining
with Lancelot.

It is worth reminding you that Lancelot is called directly by the main 2%
D design module Galaad. It can manage only 2 or 3 axes but can still
supervise a 3-D milling, including with external files. Simply the rapid
movements when the tool is retracted up are filtered and redefined by
Lancelot, which applies the maximum pass depths that are assigned by
Galaad's tool parameters. Furthermore, Lancelot allows you to control
extended inputs/outputs for processes related to specia peripherals. On the
other hand, Kay module manages from 3 to 5 axes but drives the machining
process with the file as it is, with no addition of passes, which it is presumed
to have already been defined by the CAM module that generated thefile.
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O Non-indexed turning

Turning applications with Gawain closaly look like milling, but are
somewhat simpler. This module is not as powerful as Galaad, but workpiece
designs are much less complex, with just a unique external profile. The use of
the Gawain module assumes you are already familiar with the use of Galaad,
as well for the design as for the workpiece origin intake and the automatic
machining. If thisis not the case, please go back to chapters 2 - "Learning to
design" and 7 - "Advanced design techniques’, which will tell you more about
the methods and functions. Designing with Gawain is asintuitive and should
not cause any problems at first sight.

Important: the rotary axis is supposed to be connected to a simple motor
with non-indexed rotation speed. Therefore the turning process can produce
only symmetrical workpieces around the rotary axis, e.g. chessmen or chair
cross-bars. Consequently, it is not possible to perform threading operations
with Gawain.

According to the geometrical references of turning standards, 'Z" is the
lateral feeding axis and"X" is the vertical diameter axis which might
induce some confusion about positions and dimensions. Galaad and Gawain
comply with the official standards. If you are familiar with milling
applications but not turning, then you will have to remember that the X and Y
axes of the design become respectivedly Z and X. But the general use is
unchanged, so this should not be your biggest problem.

The display of the workpiece profile on the design screen shows the
turning path at the top where you draw your lines and curves using design
icons like in the Galaad CAD module, and its symmetrical twin at the
bottom, area which remains inactive (no need to click here). The whole
display represents the global workpiece once machined. So you design the
half-profile of the workpiece, the opposite side being displayed passively. For
a better overview of the machined result, sharps angles of the profile are
enhanced with dotted lines that link to the symmetrical path.

You will soon notice that there are much fewer design icons in Gawain
than in Galaad. It isobvious that design functions that create dots or closed
shapes are usdless in a turning application, since the purpose is here to draw
parts of the profile using lines, arcs and curvesthe whole design being a
single continuous path from one lateral end to the other one. In fact, it is
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possible to draw several different profile sub -sets along the feed path, without
connections. Empty spaces between shapes will ssmply not be machined, so
the workpiece remains raw material at these locations. Therefore you have the
right to make a non-continuous path.

-lojx

File Edit Design Display Parameters Help

Hep|H| £ I o< 8%

« v
Grid - auto (1 mm) [£2 0 o] [Z[am mm [t [z — fry— mm [T][z - [rp— mm [z —- frym— min |E:| [ —

Since there is only one profile, the design entities must be connected to
build a single path. Gawain understands that shapes whose ends meet globally
make one path. Galaad contains a connection function which is useless here.
Gawain considers that two entities do not build one path if the distance
between the nearest ends is greater than 1/10™ of a millimetre. In this case,
the turning process will retract the cutter to skip from one end to the other.

Along the same lines, the design sequence has no importance. When
machining, Gawain will ask you to indicate the feeding direction of your
choice, i.e. from left to right or from right to left. Also depth and speed
parameters disappear. One single feed speed can be set directly in the machi-
ning window, for the whole process. On the other hand, the tool parameters
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remain valid in Gawain, even if turning cutters have little relation with
Galaad tools. Turning tools are not drilling, engraving or milling cutérs, but
passive blades that erode a turning workpiece, like potter's hands.

The profile can be machined in successive passes using different tools. So
it is necessary for each design object to be assigned a tool whose technical
parameters have already been set. It is possble to define a library of a
maximum of 50 tools.

g EE Click on the green icon that assigns atool. If an object is selected,
its tool will be the one displayed.

The corresponding dialogue x|
box allows you to choose a tool ~ Identication
for the design items to be iy s | TG et R ‘ - |
created afterwards or for cur- Nene: 0.
rmtly %&tw ObJeCtS, |f any Feeding direction: |Left edge feed 2 Cancel
You can not only choose a tool, - Profe [Dm;wm] )
but also change the technical z %
parameters of the one you T R
choose, i.e. its cutting profile zfie w o
and its offset if you are using a 2 .
tool rack with pre-calibrated
tools that you have measured mree 2 (I -
accurately.

The cutter profilecan be defined roughly with two sets of co-ordinates
around its origin point This point corresponds to the tool end which touches
the workpiece, for example the sharp angle of an oblique blade. When setting
the workpiece origin, it isthis point that will be the reference.

Each couple of ZX co-ordinates | " P et
defines a new segment on the tool
profile. Consequently, it is not R,
possible to design a really complex
profile, but basic cutters remain
definable very eadily.
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In the case of a sectioning cutter, only the Z width of the tool can be
defined. Such a cutter is considered to be a smple bar with a flat end, and
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therefore with a rectangular profile. This type of tool is rarely used in a
turning profile since it just cuts the end of the already machined workpiece.

When you ask for a fina display of the trace actually
machined, Gawain calculates and shows any conflicts between
the originally designed path and the application of the cutter
profile. As usual with Galaad, this is purdy indicative: you can
gtill decide to ignore the warning and start a turning cycle
regardless of these overlaps, even if the workpiece profile may
therefore be altered.

On the other hand, 3-D displays with wiremesh or surface rendering,
represent the workpiece as it has been designed, regardless of the tool shape
and therefore without the possible conflicts. These two views are printable as
they appear on the screen.
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O Lathe parameters

If it reassures you, the technical parameters of your turning machine seen
from Gawain are much simpler than corresponding machine parameters seen
from Galaad. No long list of fully predefined machines with all their options,
values and hesitations, but a reduced set of numerical controllers that are
known to Gawain. Nevertheless this reduced set integrates almost all control -
lersthat fit the milling machines other Galaad modules are able to drive.

21 It is necessary to specify
Mechanics |Controlle|| Speedsl Advanced paramelersl |f a 3rd aXIS |S flttw tO yOUI'

machine, which is the most
common with Galaad users.

Type ISM-EUUSIEEDBI j Tool at INurlh j 1
b =

¥ 3 aves ¥ Local memory ™ Circular interpolation If y$, the turnl ng module
i Usable range Ballscrew pitch Motorsteps ————————— W| | I pro\/] de a Coupl e Of
z: [0 mm z:[s mm z: [+00 pulse/ais 18+, control buttons that drive

the Z axis so the cutter can
be aligned onto the rotation
axis of the workpiece to be
machined.

- [100 mm R mm - [a0n pulse/asis 12

The mechanical characteristics are rather simple and allow you to set gear
factors that convert position values into motor pulses for each axis, and the
maximum lengths of these axes (real maximum and not the actual length of
your turning platform). If your platform is located behind the cutter, it is
possible to change here the general orientation of the machine (tool at south
in such case). This determines the direction of the machine's Y axis (i.e.
turning X axis).

Other parameters are classical and very easy to setup if you are already
familiar with the CNC configuration as it can be defined from Galaad for the
milling machine, i.e. the communication port(which should be the same if
your machine manages both milling and turning applications), thespeed for
the rapid movements, plus some advanced parameters It is not very useful
to tell you much about this. Please refer to chapter 9 - "Machine parameters®
for more information about the common parameters of the turning and
milling machine.
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O Tour of the launch pad

Once the workpiece has been designed, it istime for atest of your turning
machinein real conditions. Since thereisno "Machine' menu in Gawain, you
must search in the "File" menu to get the appropriate "Turn" command (or
"Simulate" in case of panic).

Gawain remains a courteous module and provides a practical
shortcut to get access to its own machining module.

% Gawain / Turning o ]
— - Move
Feed direction : |East > Vst - 7
T'f'é? “J@IE @ Cortinuaus
[¥ Perform roughing passes
 10mm
[ —
== Pecks: [25  mm
== Speed: [5 mmis . 1 mm
Finishing layer: [05  mm  1n0mm
Finishing speed: [5 mmiz
o5 1100 mm
I
I J 20 mm/s
vl distancs: |5 o o 0 Yo 0
clearance distance mn ; ~ e
b 10 mimés
Plunge speed: [10 mms VT
Riotate : 1000 rpm
piscs origin
Position:  Z+[s0 #-[30
: : P 70k ) P X-ok ) ZX - ok )
-------------------- Location on workpiecs : [west =] ¥ [surtace -l
START TURNING )
Postion | ¥ | Roughing [P [Tool pass # 01 P [auto

Like Galaad's milling module, a new window pops up on the screen and
allows you to simultaneoudly set the parametersof the turning cycle (left-
hand side) and the workpiece origin (right-hand side). As soon as the
window is displayed, Gawain opens up the dialogue with the numerical
contrdler, possibly after a reference run that resets the axes.
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The first parameter is the feed direction, which applies to the cutter
movement when machining. This direction is the same as the design if the
rotation axis of the lathe is aligned on the Y axis of your machine, i.e. west-
east if machining from left to right, or the opposite direction. Due to mechani-
cal reasons (the workpiece is not pulled out of its clamp), feeding from the
needle to the clamp is mor e usua) rather than in the opposite direction. The
clamp is presumed to be immovable, with the needle on the other hand having
lower resistance to feed in strength. However the choice remain yours fully.

If your turning cutter cannot plunge deep into the workpiece, which is
somewhat usual, then you may begin with roughing passes of a set peck
depth. Also the feed speed for these roughing passes is accessible indepen-
dently. If a depth (this is an improper use of that word when turning,
"diameter”" is more correct) is greater than the peck value, Gawain will
maximise the depth and make a new pass at this location until all depths are
reached for the roughing cycle.

After roughing passes, with or without pecks, a small thickness can
remain unmachined. Thisis namely thefinishing layer. Even if you have not
indicated a value here, the finishing pass will still be driven, in this case at
the same diameters as the roughing. But the finishing speed can be different
and is set independently. Please note that, unlike most milling applications,
the finishing speed is generally dower than the roughing speed.

The X clearance distancedetermines the relative position to which the
cutter is retracted from the workpiece edge between two active paths. This
edge corresponds to the theoretical cylinder circumference, i.e. therotary axis
minus the radius of the workpiece.

The plunge speed corresponds to the movements of the cutter along the
turning X axis, to reach the diameter at the beginning of the path. This speed
may not be equal to the feed speed if the cutter has different capabilities for
plunge and lateral feeding. You must set the correct value here.

At the bottom, the rotation speedlets you contral the turning motor if the
CNC alowsit. This speed is given for the tool being located at the edge of the
profile, i.e. at the maximum diameter of the raw workpiece. When the cutter
plunges deeper (smaller diameter), the rotation speed consequently increases
so that the tangential speed under the cutter edge remains roughly constant.
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O Workpieceorigin

Now let us go through the righthand side of the screen. Four main
buttons and two diders allow you to move the Z and X turning axes(i.e. X
and Y on a Cartesian milling machine) at a given speed. Keyboard arrows
obvioudy correspond to these buttons, and also the joystick moves axes if you
have parametered it. Like all Galaad manual control modules, it is possible to
use a continuous or stepped motion. If a 3¢ axis is fitted to your machine (Z
on a Cartesian milling machine), a couple of small buttons help you set the
cutter height so that it is aligned on the rotary axis. This height will be stored
for future machinings.

Setting the workpiece origin is done by gently approaching the active
end of the cutter to a reference position on the raw workpiecéor the Z
axis (lateral feeding motion along the workpiece cylinder), it is possible to
locate the cutter edge at the west end (left), east end (right) or centre of the
workpiece. Warning! The workpiece that is actually mounted on the lathe
may be longer than the designed workpiece, for example if the part inside the
motor clamp is not integrated in the design. West and east bor der s actually
correspond to the ends of the designed wor kpieceif different from the real
raw cylinder.

Once the cutter edge is positioned at the chosen origin point, click on the
# 7 ok ) button, which saves the co-ordinates of the axis as the
workpiece origin location.

For the X axis (depth diameter inside the workpiece), you may choose to
approach either the rotary axis, let it be fully understood that the workpiece is
not yet clamped, or the external surface of the workpiece, if it is perfectly
cylindrical and centred around therotary axis, which is not always the case.

Validate the position by clicking on [ &% X-ok ).

Of course, you can set Z and X regardless of the sequence. Please note that
the last position that has been used remains stored relative to the raw
workpiece diameter. If you always locate your turning platform at the same
position, you should not have to set the workpiece origin anymore once it has
been driven, even for a new workpiece with a different diameter.
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O Automatic process

Once the turning parameters and workpiece origin have been validated,
you just have to click on the big yellow button that starts the turning process.
Please note that the key is the keyboard equivalent.

% Gawain / Simulation

® Abs  Rel

85% | ¥ | Roughing |-P[Tool pass # 7 /&> 3mm (£l [5 mmis

A last message asks you to confirm the launch of the turning process. It is
time to start the lathe motor if it is not under control. Validating this message
starts the automatic process immediately.

If roughing passes have been paramdered, they are driven at the selected
speed and will leave the finishing layer unmachined until the finishing passis
performed. Once al passes have been completed or the whole process has
been aborted, a last message is displayed before closing the wind ow. If every-
thing went well, now you have another bishop for your crafts chessboard. It
may be slightly more complicated for knights.
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O Automaton for axis controls

If the main purpose of Gadaad software is to perform milling - and
possibly turning - operations, the CNC machine that is used can roughly be
defined as a more or less complicated set of motorised axes plus an dectronic
controller, able to communicate with a specialised software application.
Hence we have several linear or rotary axes and input/output signals, the
whole set being fully under tight control of your computer. Consequently, this
gives the computer the ability to drive movements, wait time lapses, react
depending on input signals, and switch connected peripherals on/offbe
they eectrical or electromechanical.

In addition, for those who become interested in Galaad's extended
inputs/outputs for special applications such as glue dispensing or engraving
on a variable Z surface, may have noticed that the application is able to
manage external signals and pauses during automatic machining processes. In
such particular cases, Galaad remains no less focused on creating and driving
a 2-D or 3-D kinematics path, the managemert of eectrical signals being a
secondary function which is closely framed by the fact that a geometric path
must be followed. The main Galaad module cannot manage all possible cases,
and particularly conditional jumps, loop sequences or interactive messages to
the operator. Even including external controls, Galaad’s movements remain
a graphical pathwith a start point, an end point and a unique sequence with
no possible dynamical redirections.

Most Cartesian machines that have been built for automatic milling, can
also become compatible with other types of more exotic applications, with or
without a milling spindle and a cutter tool, such as automatic pick & place
or, more generally, motion that interacts with the workpiece. Furthermore, the
sequence of handling or a similar operation can not always be displayed as a
path design, but rather as a list of operationsthat must be performed in a
given order, which may vary during execution. In that matter, the Kynon
module has been added to the set of main functions of the Galaad software,
and here graphics are no longer the main purpose.

Please note that Galaad's standard licence grants access to the use of the

Kynon module and all additional programmes, though it is no less possible to
purchase a restricted licence for the use of Kynon alone.
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At start up, the Kynon module displays the window shown above. For
experienced Galaad users, the right-hand side of the window should not be a
total surprise. Indeed you can find here the classical buttons for manual
motion of axes with corresponding speed diders and motion mode selectors,
continuous or stepped. Those who have become familiar with the crooked
functions of the manual control will also recognise the double panedl of binary
inputs and outputs The bottom of the page provides classical control objects
that allow oneto set aworkpiece origin

It is not useful to enumerate again and again the subtle functions that
appear at the right-hand side of the screen; they have aready been com-
mented in the previous pages. Help us avoid converting trees into paper, this
manual is already guilty enough in that matter. If you are reading only this
chapter and are not familiar with manual drive from Galaad software,
probably because you have purchased only the Kynon licence, then please
jump back to the previous sections, as follows (if we dare to say):

- Chapter 7 "Advanced milling functions®, section "Moving axes', which will
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tell you how to move axes manually at a given speed, in continuous or
stepped mode, with the mouse, keyboard or joystick (and we insist heavily
on thisjoystick).

- Chapter 7 "Advanced milling functions" still, now section "Manual drive",
to learn how you can read inputs and switch outputs§rom a mouse click.

- Chapter 3 "Learning to mill", section "Workpiece origin”, which rather
logically describes how you can define a wor kpiece originfor an automatic
process. In fact, Kynon can ignore this origin point if there is no workpiece
in classical terms.

- Chapter 9 "Machine parameters' at last, which should tell you all the
possible ways to setup your CNC configuration and especially the gear
factors and communication port.

The right-hand side of the screen is now presumed to be known and the
machine correctly defined, but you may ill play with the parameters. At
start-up, Kynon first opens the dialogue with the machine, possibly resetting
the axes with a reference run. It then becomes possible to play with the
buttons. It is worth mentioning that you may enable/disable an output by
clicking directly on its corresponding number with the mouse. This should
help you check the reactions of the peripheral devices that you have connected
to the machine. Concerning inputs, no reak-time reading function is possible,
but you can display input stateshy clicking on the "Refresh” button, or make
acyclic readingby enabling the "Loop" button (click again to disable). If you
have connected a peripheral that produces a signal to be monitored and you
wish to check the number of the corresponding input or the correct electrical
wiring of the device, this cyclic reading may be very helpful.

Please note that Kynon can manage from 1 to 5 axesdepending on the
capabilities of your CNC machine. Classically, XYZ axes are considered
linear and AB are considered rotary axes that are presumed to be paralle to
XY. It could be the case that your machine is different and does not match
this configuration, however this should not block your use of the Kynon
module. A special setup of the machine gear factors may help you solve this
problem to obtain co-ordinates that correspond to reality, even if the units
displayed no longer make sense.
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O Programming technique

The left-hand side of the screen displays a zone that is supposed to contain
the sequence of instructions to be executed — in other terms the programme—
and just below, a preview of the path, if any. If the axes of your machine are
not Cartesian, you can get rid of this preview thus getting more room for the
programme itself, by unticking "Parameters/ 3-D view".

The body of a Kynon programme may be displayed in capitals or lower
case, colours or monochrome. The top of the "Parameters’ menu helps you
select all this. Operators who already have programming languageskills,
even the basics, should not have big problems becoming familiar with Kynon.
Also, absolute beginners have not been forgotten: learning this programming
technique is very easy and close to BASIC language, which is the simplest
ever invented and was made for beginners, as its name says ("Beginner's All-
purpose Symbolic Instruction Code") Therefore you should not encounter
huge problems creating a Kynon programme, and then... well, let’s just say
that there are no good programmers, only old programmers. And unfor
tunately we know what we are talking about.

In a classical programmed sequence, and Kynon matches this model for
the most-part, the sequence begins at the top and instructions ar e executed
one by one downwards until the last line of the programme is reached.
However, there are some instructions which allow you to break that sequence
by executing jumps forward or backward. Kynon also offers the possihility to
define blocks of macro-instructions, over which the seguence will skip
regardiess of what they contain, but can be called and recalled at several
stages of the process. Thiswill be described later.

A basic Kynon programme consequently has a beginning point at line #1,
followed by a more or less long series of operations that will be executed one
by one until the last line is reached. Once this end line has been executed, the
process is completed.

There are four major groups of instructions in a Kynon programme, which
will be detailed later with the usual examples:

- Motion commands send one or several axes to an absolute position or
perform a relative movement at a given speed. Arc commands are aso
available, the circular interpolation being valid only in the XY plane. This
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group of instructions also integrates reference runs, which reset the machine
to its zero points, or conditional movements which stop when a binary input
state is changed. All motion commands apply to caordinates and therefore to
axis positions. These commands are: SPEED, MOVE TO, MOVE REL, ARC, ARC
REL, HOME (reference run), MOVE UNTIL, ORIGIN, SCALE and PASSING.

- Switching and pausing commandschange output states or pause the
programme for a given length of time. Unlike Galaad, which is able to
manage multiple outputs simultaneoudy, it is not possible with Kynon to
switch a whole block of outputs with a single command. You must define a
sequence, even if the time between each instruction is limited to the com-
munication delay with the machine, which is generally very short. These
commands are: ouTPUT, DAC (Digital-to-Analogue Converter), PwM (Pulse
Width Modulation), SPINDLE, PAUSE and WAIT UNTIL.

- Jump commands fixed or conditional, break the linear process sequence
by skipping instruction lines forwards or backwards. These commands are:
GOTO, GOSUB, LABEL, RETURN, IF/GOTO, IF / SKIP, COUNTER, BLOCK, END
BLOCK, EXEC BLOCK, INCLUDE and REITERATE.

- Management commands allow you to add a neutral comment line,
modify the programme execution mode in the machine, interact with the
operator or call external software. These commands arel REM (remark),
BUFFER, MESSAGE, SEND and RUN.

Kynon's programme editor is purely passive: unlike classical text editors,
you do not type the language instructions yourself The list of available
commands is displayed in the central column of the window, you simply click
on them to pop-up a dialogue box that gives access to the corresponding
command parameters. This should at least avoid syntax errors, which are
somewhat usual with aclassical text editor.

When the active line (displayed in negative colours) is empty, clicking and
validating an instruction will add it at this position in the programme, by
shifting down the following instructions. If the line already contains an
instruction, either the instruction you have clicked on is identical, in which
case it will be a s mple change of its parameters (it is even simpler to double-
click directly on the linein the programme), or it is not identical then the new
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one will be inserted just before the existing one, which will be shifted down.

Therefore, if you wish to insert a new instruction, which is identical to the
existing one, you must first insert an empty lineusing the (ins ] key.
Conversdly, you can delete the active line whether it is full or empty, using
the key. All consequent instructions areimmediately shifted up.

Warning! When you write a programme with Kynon, you are still in
manual drive mode Keyboard arrows and &) / (&) (PgUp / PgDn) keys or
/ keys do not move the active line but actually move the axes of the
machine. Moving the active line of the programme can be doneonly with the
mouse. Consequently, the programme body provides little interactivity, but
this is not classical development with many changes. Building a Kynon
programme — which is generally short — is closer to a line-by-line lesson in
that it isrelated to the manual drive, aswe will seein the next pages.
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O Motion commands

The main command in this group is the MOVE TO instruction, which
moves the axes to the indicated position. This instruction will generally
follow a sPeeD instruction, which defines the corresponding motion speed.
The MOVE TO ingtruction does not require the co-ordinates of all axes; one co-
ordinate is sufficient to define a movement. Obvioudly, if the position to be
fetched is the same as the current position, nothing happens— which is always
better than an accident.

Very important: Position co-ordinates are alwaysrelative to the origin
point of the global path.If your application does not need an origin point
and is happy with a ssimple machine absolute origin, then you can smply set
all origin positions to zero. In such case, the machine zero point (reference
run) will be the actual origin for the path.

R Exceptionally, you have the
I B e e B right to indicate a negative origin
o | e | et | Kynon is more permissive than

X-ok) Y-nk) z-ou) A-ok) B-ok) Galaad in that matter.

If you have entered a series of motion commands that define a fully correct
path but at the wrong location, do not panic: there' s no need to redo every
thing, you can simply shift a set of lines using the "File / Shift" command.
Block macro-functions can also help in such cases (see next pages).

The question of actual position has no sense with the MOVE REL
instruction, which uses only relative values. The sequence is identical, but
then the origin has no more importance since all movements are driven
relative to the previous point. Keep in mind that Kynon checks the absolute
position of the next point to be reached and will stop if you are trying to
escape from the valid range of an axis.

The ARC and ARC REL instructions describe an arc of circle on the XY
plane, which starts from the current position to another XY target position
around an 1J centre. Depending on the instruction you have used, caordinates
are indicated in absolute (i.e. relative to the global path origin point) or
relative co-ordinates.
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The sPEeD ingtruction defines the motion velocity for the linear axeson
the actual path (and not the velocity of the axis that carries the longest
movement like most numerical controllers read). If you move a rotary axis A
or B with alinear axis X, Y or Z, the speed applies to the linear motion and
the rotary axis will obvioudy be synchronised. If the rotary axis moves on its
own, then the speed becomes a tangential velocity around the rotary axis,
unless you have previoudy indicated a fixed angular speed in °/s.
Consequently, the speed will be greater when the position is closer to the axis
centre. For an A axis, the arc radius is the YZ distance from the current
position to the origin point; for a B axis, the XZ distance applies. If you want
a rotation of the A or B axis whilst the current YZ or XZ position is (0,0),
then Kynon will not dare to divide by zero and therefore the speed will be the
maximum value the numerical controller can perform. This particular case
should never occur if your path has been validated.

The MOVE UNTIL command starts a movement to a given position,
movement which is stopped if an input state changes Kynon immediately
updates its position registers, but it is up to you to manage the following
sequence with absolute or relative movements, depending on your application.

The HOME ingtruction allows you to drive a position reset of an axisto the
machine absolute zero. Each axis can be driven individually. It is rather usual
to shift the Z axis up first to avoid big problems.

The position of the path orign can be changed while runningusing the
ORIGIN instruction, which allows you to relocate all subsequent co-ordinates.
Here, "subsequent” means "executed after” and not "below in the program-
me", especialy if there are jump instructions. On the same subject, it is
possible to change the co-ordinates scaling factor while the programme is
being executed, by using the SCALE command.

At last, the PASSING instruction, eigible only for certain numerical
controllers, allows you to chain vectors with no decderation before the end
point and no reacceeration after the start point. This mode obviousy
assumes that you are using the BUFFER command (see next pages) so that
there are no transmission delays between vectors, which would cut the benefit
of the chaining. If your machine does not read this passing mode instruction,
it will smply beignored.
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O Switch & pause commands

In addition to axis motion, Kynon can address outputs and check inputs.
The main command in this group is the ouTPUT instruction which sets a
given output in a high (active) or low (inactive) state, the default state being
generally inactive. It is up to you to connect the peripheral devices of your
custom application to the corresponding outputs.

Please note that, unlike Galaad, it is not possible with Kynon to specify a
multiple outputs number that should be switched in a single operation. You
must set the switching sequence line by line.

The DAC ingtruction setsthe signal level of the machine'sanal ogue output
number 1, if it exists. The resolution is 8 bits, which allows you to set values
between 0 and 255, from 0 to Vmax. On the same topic, the PwMm instruction
sets the frequency of the machine's PWM signal, again if it exists, and the
pulse width in percentage (i.e. between 0 and 100%). These commands allow
you to drive an anal ogue device such as arotation or dispensing control.

Though the purpose of the Kynon module is not focused on milling
processes, the sPINDLE command is available with the same external calling
and speed setting capabilities asin Galaad. The instructions therefore include
rotation speed and direction arguments that may not apply to your machine,
depending on its type.

The pAUSE command allows you to suspend the process during a given
time period. The unit is the second, and you may naturally use a decimal
value. In direct mode, Kynon's basic time unit is the millisecond and it is not
possible to set a smaller value. In buffer mode (asynchronous upload to local
memory), this depends on the capabilities of your numerical contrdler.

At last, the wAIT UNTIL instruction suspends the process until an input
state changes (with a possible timeout |apse). The operator can manually skip
to the next instruction without waiting for the input to be triggered, by
pressing the key. In such case, no message is displayed on the screen but
the current instruction line blinks so the operator knows the process is
suspended.
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O Jump commands

In any civilised programmable sequence, it must be possible to break the
linearity of the process and skip instructions, imperatively or depending on
certain conditions. Obviously, Kynon provides such possibilities with its
jumping instructions.

Before we go further, please keep in mind that it is always better to use the
LABEL instruction to define a landing line for a jump in the programme
Nevertheless Kynon accepts to jump directly to a line whose number is
known, and is even courteous enough to shift the winning number when new
instructions are inserted above this line, but there are at least two serious
reasons to use labels: firstly, reading the programme is much easier; secondly,
you do not need to check the changes of line numbers to keep your jumps
correctly targeted. You define a label, i.e. a line name, then you can add a
jump to this line whatever its number is and however it evolves. It is obvious
that the label line is neutra) i.e. nothing happens when it is executed, such
lines are just fixed references in the programme sequence.

Jump ingtructions can be either imper ative i.e. Kynon executes the jJump
whatever, or conditional, which can become much more interesting. The two
imperative jump instructions are GOTO and GOSUB, that probably most BASIC
progranmers know. The first makes a one-way jump whereas the second
makes a temporary jump until the progranme encounters a RETURN
instruction, which allows you to define round trips to specific sections of the
programme, especially in conditional mode.

In the same way, the conditional jump instructions are IF / GOTO and IF /
GOSUB. The conditions are either an input changefrom low/high state to the
other one, a loop counter (see next pages) with a value that reaches a
threshold, an instruction to be executed by the numerical controller that
oversteps a predefined timeout lapse or a message to the operator which
must be acknowledged by "Yes' or "No" (condition becoming true when
affirmative).

Slight variation, the IF / skiP instruction allows you to manage conditional
jumps depending on an input state, but this instruction differs from the above
because it can be uploaded to the machine's local memory, depending on the
controller type, for example Isd C-10, C-142 and IMC4. The number of lines
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to be jumped can be negative (backward jump), positive (forward jump), or
null (conditional wait |oop).

Kynon can manage numbered counters, for example when repetitive loops
are created with an internal GOTO ingtruction that exits the loop. Simply
insert in the programme, if possible before entering the loop, a COUNTER that
will be initialised to a given value, zero or otherwise. Then, in the loop, add
an incrementing or decrementing command for this counter, for example
"Counter #3 + 1" which means that the data in counter number 3 will increase
by 1 every time the loop is executed. This instruction will obvioudy be
followed by a conditional jump related to the counter leve, if the
corresponding value has overstepped a given threshold. In such case, the
programme will have executed N times the loop before jumping to the next
instruction lines.

Similarly, the REITERATE command allows you to repeat several times
the last N lines of the programme. Close-up this looks like a loop with an
internal counter, but this instruction can be stored in the machine's local
memory, depending on the controller type (still 1sel C-10, C-142 and IMC4).
It haslittle interest if you do not have such a machine or do not use the upload
to thelocal memory.

O Macro-commands

To ease reiterations, improve the modularity and consequently the
legibility of the programmes, it is possible with Kynon to define programme
blocks which will be called from another part of the programme. For
example, you define a given procedure that contains movements, output
switching, etc. and you wish to reuse this procedure without modifying it and
without adding a complicated set of jump instructions.

Kynon can define a sequence of commands that begins with a heading
BLOCK instruction with a block name, and ends with an END BLOCK
instruction. When the process reaches the block header ling, it jumpsdirectly
to the end of the block without executing the inner lines. The block is
considered as a neutral set when executing, so you can locate it anywhere in
the programme body, before or after a call to this block. To execute the inner
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lines, it is necessary to call the block with an EXEC. BLOCK command.
Furthermore, and here it becomes extremely interesting, you can assign a co-
ordinate offsetto your call.

For example, you define a series of XY movements which draw a
rectangle with rounded corners, using linear and circular movement
instructions, and the start point of this rectangle is (0,0). All movements are
written insde a block that is named for example ROUNDRECT. Hence
ROUNDRECT becomes an instruction like any other, that you may insert in
your code and give it XYZAB co-ordinates according to your wishes. If you
put the instruction line ROUNDRECT X10 Y20 z30 somewhere, Kynon will
execute all lines inside the block named "RECTROND" and will shift its XYZ
co-ordinates by (10,20,30), i.e. al inner co-ordinates are added to these
values. The main purpose if obviously multiple calls to ROUNDRECT with
different co-ordinates. But this can also be used to ssimply ease the reading of
the programme. Please note that all or part of the position arguments XYZ
etc. are optional. If you do not indicate one, the corresponding coordinates
when executing the block lines will be the actual co-ordinates of the inner
lines with no offset.

To close this section, it is worth mentioning that a block can contain an
inner call to another blockand so on, to define more and more e aborated
macro-blocks. In the same way, a block can call itsdlf, but it is better to avoid
this unless it contains a conditiona jump to the block end line, so you do not
have an infinite recursive loop (in fact, Kynon is able to stack a maximum of
256 successive calls, this maximum value also applies to al IF / GosuB
ingtructions, which «ill leaves a rather comfortable margin for most
applications).

And finally, the INCLUDE instruction allows you to call an external file
which can ether be another Kynon programme, and this would define a
super-block, or a 2-D or 3-D vector path file. In the same way, a co-or dinate
offset applies to this externa file to relocate it. This can be interesting in
order to integrate a whole path without having to encode the sequence of
movements.
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O Programme management commands

Some not so easily classed instructions can help supervise several process
steps, hereafter and helter-skelter:

The Rem (Remark) instruction, known to well-educated programmers,
allows you to add a comment into the sequence for the the next generation
who will have to decrypt the programme and try to understand how it works —
if it does. Obvioudly, thisinstruction is neutral and conseguently has no effect
when executing.

On the other hand a message can be sent to the operator during the
process execution, using the MESSAGE instruction which popsup a window
and displays the attached text. The operator can then either acknowledge it by
pressing the key (or clicking on "OK"), or abort the process with
(or clicking on "Cancel"). As long as the messge remains unacknowl edged
by the operator, the processis suspended.

With certain numerical controllers, it is possible to send instructions to
the local memory for execution later onEither the machine starts executing
already loaded instructions whilst receiving the next ones (ring buffer), or the
machine first receives all the instructions then executes them (linear buffer).
This depends on the machine you are using. Kynon provides an "Upload"
mode in its menus that uses the local buffer if it exists. But this does not
forbid the use of buffer management commands inside the programme itself.
Hence you can locally manage some sequences, for example the chained
movements in passing mode (mentioned above in the motion command
section).

Since certain numerical controllers may integrate some instructions that
are unknown to Kynon, you still have the possibility to handle them yourself
using the senp command which will simply transmit the corresponding
telegram on the communication port without trying to understand it. Kynon
will nevertheless add data frame codes according to the machine dialogue
protocol.

At last, you may execute exter nal software Windows or DOS, using the
RUN instruction which will call up this executable programme and either skip
to the next line or wait until its execution is terminated to resume the current
process.
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O Manual drive teachin

An interesting feature of Kynon is the fact that you can directly drive the
main functions of the machine (linear or rotary movements, output svitching,
input checking) to build up a programmed path step by step. So the process
looks like Galaad's manual digitising function, except that here you can
access the supplementary commands of the machine, and that up to five axes
are available. On the other hand, the origin point becomes important.

Two concrete cases may occur, depending on your application: either your
process handles a workpiece or a restricted volume which is located some-
where in the available machine space (operations on workpieces), or it applies
to aglobal space with no local reference point (pick & place handling).

In the first casg, it is important to first define the origin pointof the
programmed path. Classically, you just have to move the axes to the
corresponding position and validate them with the "XYZ... - OK" green
buttons. Then all co-ordinates indicated in the programme body for absolute
movements MOVE TO, ARC, MOVE UNTIL and calls to programmed macrc
blocks or external files to INCLUDE will be considered relative to this origin
point. In extenso, position (0,0,0,...) will correspond to the origin point
which can be readjusted later so you do not have to shift programmed co-
ordinates. If you have skipped this step and have aready begun to encode
movements, simply position or reposition this origin (it is not too late) then
call up the "File / Shift" function to change all programmed ccordinatesin
one operation. The offset value for each axis will obvioudy be the position of
the new origin point minus the position of the old one.

Concerning the second case (no path reference point), it is necessary to
validate the point (0,0,0,...) as the path origin Hence programming
movements will be made in absolute co-ordinates from the machine zero
point, which is set by the reference run. If you notice that this machine zero
point has drifted away, which should never occur, either you need to globally
readjust all programmed co-ordinates with the "File / Shift" function, or you
can indicate a path origin point that is not (0,0,0....). Note that you may
exceptionally indicate a negative origin point in Kynon. It is more permissive
than Galaad pointing this area.

The ingtructions for relative movement MOVE REL and ARC REL are
obviously not concerned by these considerations about the path origin point.

"Kynon", motion programmer — 16 - 261



GALAAD 3

A manual path teach-in can be done very easily, once
the origin point has been correctly validated. Simply move
the axes directly to the target position, using the manual Pos. T
drive buttons, then click on the blue buttonsat the top-
centre of the Kynon window.

Pogz. =%

Posz. XY ZE

For example, you move the three axes XYZ to a given position that you
wish to fetch in two steps, then you click successively on "Pos. XY" and
"Pos. Z": the programme will memorise a movement to the XY position, then
a Z movement to the actual point. These buttons automatically insert the
corresponding instructions at the active line of the programme.

Important: remember that the Galaad module allows you to export
design pathsto Kynon's programme for mat This can be very helpful when
creating full graphics based paths.

Last of al, you can enable/disable all outputs under control by clicking
their numbered rectangles, and use the "Refresh” button or the "Loop" button
(cyclic refreshing) to check input state changes.

O User-defined buttons

In addition to numbered outputs, it is possible to define custom buttons
that correspond to your peripheral devicesThese buttons are displayed at
the bottom-left of the Kynon window. The "Parameter / User buttons'
function pops-up a dialogue box in which you can give each button a title,
active and inactive colours. Clicking directly on a user-defined button will
enable you to disable one or several outputs that are classically defined, or
will make a system call to an external executable programme.

Laser HeMNe Mitragen walve
ARG |aser Clamp
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O General features

The Percival module has been added to the Galaad set to allow owners of a
CNC machine to transform Ger ber or Excellon files, produced by electronic
CAD software, to drilling and engraving paths that isolate copper tracks. This
prototyping module is fully integrated into Galaad, sharing the tool library
and the CNC parameters. In addition, and still in Galaad's philosophy, it can
directly call up the milling module without requiring heavy manipulations of
intermediate CAM files.

M Percival / SAMPLEGRE (solder side, rom toj =10l x|

File Machine Display Paramel ters

_I_I_I_Iﬁﬂﬁ

CICICICICIO

Percival is not an electronic routey not even a printed-circuit CAD
system. Its capabilities are few compared to Galaad; it provides no design
function, and consequently focuses on the simple preparatory milling works
on isolation engraving and the drilling of a circuit that has already been
designed.
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O Gerber files

The most widely known file format concerning eectronic CAD is
undoubtedly the GRB format (or GBR, or even sometimes other possible
extensions). This format is destined for Gerber Scientific Instruments photo-
plotters and has become a near standar din that domain. The photoengraving
of circuits using light-printing techniques induces specific considerations that
appear in the format. Lightprinting is performed by an optical head that
focuses the light beam on the circuit after travelling through a diaphragm, at
the locations where the copper should be preserved. The diaphragms general-
ly have a predefined size and shape, the simplest being a basic circular disc.
The pads may have more exotic shapes, but the tracks are printed using
simple circular diaphragms of given diameters along the connecting path.

A Gerber RS274-D file (classical format) therefore contains diaphragm
number sthat are either predefined in the optical library of the photopl otter,
or referenced in the file itsalf or in an attached library file. Light-printing
instructions are very simple: the flash head can be moved, with the diaph
ragm shut, to a given XY position (movement without light-printing), or
with thediaphragm open (light-printed track), or even be sent to a position
and the diaphragm being opened then shutto light-print a fixed point (pad).
This makes a total of three positioning instructions, plus the number of the
diaphragm that is currently used.

A more elaborate format, which keeps the ascending compatibility with
that mentioned above, has been defined under the name of Gerber RS274-X
or Extended-Gerber. This new format uses the same light-printing instruc
tions, but its major advantage is that it integrates in the file header all
geometrical indications about used diaphragms and even drilldn fact, a
Gerber RS274-X file requires neither an attached library file nor a table of
predefined diaphragms. Any useful data that is required to create the printed
circuit is contained in the file. Naturally, Percival can read this heading
information whenever available. If your own eectronic CAD application
offers an export function under Gerber RS274-X format, it is the one you
should use.

Should you open a classical Gerber RS274-D file, no information related
to diaphragms is available, and consequently you must redefine the geo-
metrical properties of these diaphragms once the file is loaded, i.e. for each
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set of pads indicate the shape and the size of the diaphragm, and even the
drill diameter if necessary, and indicate for each set of tracks, the size of the
diaphragm, which corresponds to the track width. This must be done for each
diaphragm referenced in the open file.

= =l
Murnber Shape Size Dorill
Ok
Bl <|>] [Cice =] [z03z = [E0a2 mm [0.701 mm %Il number: [El=] <[>  widih: [T508 mam Caroel |

Apply to allpads . _Shape Slzel Drill | Apply this width ko all tracks

Percival memorises your indications for the next file, so it is not necessary
to redefine pad and track diaphragms at anytime if your eectronic CAD
application always reuses the same references. Obviousdly, this task has no
object if you are using the Gerber RS274-X format, whose heading indications
are picked up and immediately applied. However, as soon as the file is|oaded,
if adiaphragm that isused in thefile is not referenced, then Percival displays
a dialogue box which allows you to compl ete the missing references.

So, in an extended Gerber filg, it is possible to get not only the geometrical
design information about pads and tracks, but also the drilling diameters of
pads for soldering traditional components (component side and colder side).
The only information that is still missing— and thisis bad news for owners of
a CNC milling machine— is the contour of the whole printed circuit board,
with its origin points.

O Excellon files

Another file format concerns the drilling process of padsin a printed
circuit, this format has been elaborated for Excellon Automation multi-drills.
It is used less today with the surface-mounted components, but nevertheless it
concerns the creation of eectronic circuitry, so Percival can not ignore it.

Like Gerber files, Excellon files contain XY drilling co-ordinates and tool
numbers whose diameters correspond to the holes. And like classical GRB
files, EXL (or sometimes DRL) files unfortunately do not contain thisdrilling
diameter information, so it is necessary to fetch it in attached files that are not
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standard, or indicate it manually once the file as been loaded, which is the
basic solution that Percival offers.

Furthermore, there are actually two different Excellon formats, one using
real co-ordinates (XY numerical values are formatted and indicated in
immediately usable units), the other being a bit older in co-ordinates with no
trailing zeros on the right-hand side, which may induce position errasif the
file does not contain header information about the numeric framing format.
To avoid this problem, Percival lets you select both formats under two distinct
entries, which allows you to directly choose the correct numerical modd. If
your file looks wrong, load it again using the other available Excellon format,
and all being well things should look better.

An Excellon file cannot represent a printed circuit, not even its pads,
but only the drills.If your eectronic CAD application provides an export
function under Gerber or Excellon, please select Gerber which contains much
more geometrical information.

O Extracting contours

Isolating tracks and pads requires a preliminary calculation that defines
path contoursaccording to the end diameter of the cutter tool that will be
used for the engraving task. This calculation manages collisions should
trajectories overlap. This is the main purpose of Percival which, from the
geometrical information the Gerber file contains, will be able to create
isolation paths and even allow you to remove the copper from all empty zones
using hatchwork. These functions can be applied from "Machine / Calculate
contours (or hatches)".

et contours 2 The distance between the tool
—— axis path and the track or pad
[20> POG-10Pante 3 graver 0317 conical 80 =] @ border is generally the engraving
Engaving cepth: [125 tool end radius But you may

- Distance from borders . |0.744  mm

Number of successive contours : |1 HC

reduce or expand that distance and
st the number of successive
contours if you wish to reinforce
theisolation.

Extra cantours around pads : |0 3: Cancel
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Once this information is known, Percival can
calculate all isolating contour paths for the circuit
engraving task. This calculation consists of several
stages that may become rather long depending on
the complexity of the printed circuit and the §
processing performances of your computer. '

When the calculation of contours is completed, Percival displays the
printed circuit with the corresponding toolpaths. Y ou can magnify a zone on
the screen using the left mouse button, and return to the global view using the
right mouse button. You can also visualise the milled circuit using the
"Display / Final rendering” function or its shortcut icon.

O Hatching empty zones

Engraving contours is sufficient to isolate tracks and pads, but you may
want to remove the remaining copperfrom the card surface. This allows you
to make sure there are no copper chipsthat have been left, which would create
shortcuts. Furthermore, the printed circuit looks much cleaner when the
copper is totally removed. Since your machine is happy to work while you
enjoy a cup of tea and/or read your e-mails, there' s nothing wrong with
increasing the number of paths to engrave. The result is always better, even
for asimple circuit prototype.

The hatching function can be called up only if
the track and pad contours have aready been
calculated. This is because hatches are not
supposed to touch the actual border of the active
copper idands but need a contoured path. The
hatching tool is the same as the contouring tool.

Hatching density can be parametered. It corresponds to the distance
between two consecutive hatches. The default value is the tool radius at the
engraving depth (for a conical cutter), which gives an overlapping ratio of
50%. But you may obvioudy choose a custom distance according to your
needs. Percival can link hatches together to define a zigzag path whenever
possible without milling a shortcut through a contour. Hatch ends approach

17-268 — "Percival", printed-circuit engraver




GALAAD 3

the contours at about 10% of the hatching distance. This leaves a very small

margin to avoid eroding the active copper. Logicaly, the hatchwork is
performed before the contouring process, to obtain a better finishing of tracks
borders.

Here again, the final view shows the engraved circuit. If hatchwork has
been defined, only the remaining copper of tracks and pads appears on the
screen, unless your tool diameter was too small compared to calculated
distances. Please keep in mind that the tool library is common to both
Galaad and Per cival and must correspond to what you actually have in the
tool rack attached to your machine

O Boringdrills

In addition to the track and pad isolaion made during the engraving
process, Percival can also manage the drilling operations for a classical circuit
with component side and copper side. Since the drilling diameter information
exists in Gerber extended files, automatic drilling process is possible with
Percival.

The major problem with multiple drilling is that it requires one different
tool for each series of drillsof a given diameterlf your CNC machine is
fitted with an automatic tool changer you have less of a problem. But if you do
not have such equipment, drilling a printed circuit board that contains many
tools at different diameters may become tedious. Even with pre-calibrated
tools, you could spend more time mounting and releasing tools than the
machine does completing its drilling cycles.

So Percival offers a smple solution: since, in terms of boring procedures,
less is more, at least theoretically, you can simply reserve one thin tool, or
perhaps a few thin tools, which will be used for al drills. Obvioudy, the
single or thinner tool must correspond to the smallest drill unless you
accept that these drills arefinally larger than expected.

The "File/ Set drills" command allows you to define the set of tools that
will be used for all drilling operations on the circuit.
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Drilling tools

Diiling diameters - 0,25 /0,70 / 3.8 mm

[
 se one single tool far al drills, with circular boring

— [ 1> FR-10Fraise arainurer o1 4 flutes =

|
© se for each diill the clasest smaller tool, with circular boring

¥ Use for each diill the closest bigger tool, without circular boring

x| It is evident that a very
small tool dedicated to
vertical drilling operations
will not be able to perform
large boring circles in an
. epoxy board without brea-

Usable too st - king during the cycle. So,
1 I 1> FR-10Fraise & rainurer 01 4 flutes jl‘ |t seems rmnable tO
ZI 2> FR-15Fraise & rainurer 1.5 4 flutes jl‘ Cancel
3[ 35 FR20Fraise & rainurer 22 4 flaes = x| bore only holes thaI are
a] =[] greater than a minimum
i -z diameter and till accept
[~ Pertarm a circular boring for all drills cver l1— i @ tOOI Chang6 for gnal Ie’

drills.

O Milling

The screen display is not the ultimate goal, at least not with Galaad, so it
is now time to machine, i.e. mill the copper and drill the epoxy.

The "Machine / Mill"
command popsup a final
dialogue box that alows
you to set the sequence of
the tasks to be performed,
add depth and speed data
for engraving and drilling
operations, then send the
result to Galaad's milling
module, or even to the
design module if you wish
to add something on the
board, such as a cropping
contour.

Drilling & milling process

r~ General

Sequence : | Drill then mill hd

[V Flip horizortally [solder side)

[¥ Optimise path [ieduce toolup inactive links]

ICha\n automatically ta milling madule j

~ Diilling pracess

Depth |2 mim Boring speed: |10 mmds

Boring ciicles lum (™ counter-clockwize  clockwise

[~ Engraving process

Depth ID.25 mim Contour speed: |10 mmds

Cantowrs bun - % gounter-clockwise " clockwise

[¥ Hatch unused areas

Distance between hatches : |0.5 mm
Hatch speed: |10 mms

[¥ Link hatches

oK

Cancel |

Any information relative to sequences, tools, depths and speeds will be
recovered by Galaad or its milling module Lancelot, which will drive the
milling process or link to your custom external programme. You @n then

close and exit Percival.
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A small add-on utility, the Owein module is able to display 3-D tool paths
that are encoded in 1SO G-code, Isel-NCP or MasterCam-NCI files. It accepts
from 2 to 5 axes, be it fully understood that the 4™ axis (A) and the 5" axis
(B) are classical rotary axes respectively paralld to the X axisand the Y axis,
according to the current standard, turning around the linear support axis and
hence defining the zero point. Obvioudly, XY Z axes are supposed to be linear
and Cartesian axes of a direct orthonormed system.

~ioix

File Display Help

0

-19.981 Y0 Z16.441 A24.514
-19.981 Y0 Z16.482 A86.505
Y0 Z16.428 A84.757
Y0 Z16.364 A83.01

Y0 Z16.358 A81.262
Y0 Z16.35 A79.515

Y0 Z16.36 A77.767

Y0 Z16.389 A76.019
Y0 Z16.435 A74.272
Y0 Z16.499 A72.524
Y0 Z16.492 A70.777
Y0 Z16.45 AG9.029

Y0 Z16.427 A67.282
Y0 Z16.421 AG5.534
Y0 Z16.433 AG3.786
Y0 Z16.463 A62.039
Y0 Z16.509 A60.291
Y0 Z16.557 AbB.544
Y0 Z16.596 A56.796
Y0 Z16.542 A55.049
Y0 Z16.471 A63.301
Y0 Z16.419 A51.553
Y0 Z16.385 A49.806
Y0 Z16.369 A48.058
Y0 Z16.371 A46.311
Y0 Z16.391 A44.563
Y0 Z16.429 A42.816
Y0 Z16.486 A41.068
NOO37 X-19.981 Y0 Z16.558 A39.32

NOD38 X-19.981 Y0 Z16.573 A37.573
NO039 X-19.981 Y0 Z16.55 A35.525

NOOAD X-19.981 Y0 Z16.485 A34.078
NODA1 X-19.981 Y0 Z16.43b A32.33

NO042 X-19.981 Y0 Z16.403 A30.583

-

X

K-
K-
e
X-
K-
P
e
-
K-
e
X
K-
K-
e
-
K-
e

NO043 X-19.981 Y0 Z16.389 A28.835
NOD44 X-19.981 Y0 Z16.393 A27.087
NOD45 X-19.981 Y0 Z16.416 A25.34

Owein allows you to directly modify ceordinatesin the file that is
displayed under 1SO or NCP format at the left side of the screen. Just double-
click to edit a line of code. Changes are considered immediately for the
display, and you may also save the modified file. Some side functions like
global shift, inversion, and scale are available, and you may remove al lines
of code before or after the active one. Thisis remains the kind of exercise that
should be reserved for experts who are used to direct programming on a
numerical controller display.
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This chapter provides answers to the most frequent questions and
problems about Galaad, with corresponding answers or observations.

Is Galaad a 3-D software package?

- No. Galaad's central design module is a 2¥2D vector editor with depth
codes. Nevertheless, Galaad provides a limited number of 3-D features for
creating paths or meshes and in addition several types of 3-D file can be
imported into it. The machining module is fully supports 3-D for 3 or 4 axes,
and the Kay CNC driver drives from 3 to 5 axes for full 3-D milling. In shat
Galaad can help you take your steps into the world of 3-D and can manage
advanced 3-D millings from external CAD/CAM software.

How many depths and speeds can | have in a design?

- Thereisno limit. Galaad can manage as many depths and feed speeds, as
there are objects on the board. In the case of 3-D objects, there are as many
depths as there are different points in the object. However the tool rack is
limited to a maximum of 50 cutters, which should be quite adequate for most
applications.

In what way isthe educational version limited?

- Only the user licence is limited. Galaad still retains al the features and
functionality of the professional version, nothing has been removed. However,
the educational licence does restrict the use of Galaad to training purposes
only and specifically prevents it from being used to manufacture items for
commercial gain.

Which machines can Galaad drive?

- The machine parameter dialogue box contains a list of machines that
Galaad can control directly, without an additional post-processor. If your
machine is not in the list, Galaad will not be able to control it, but could
possibly be used to prepare your machining file with the aid of an external
post processor.

How do | load files produced by other software?

- The easiest method is to "Copy and Paste”, but Galaad can also import a
variety of files, saved or exported by other software packages. Import filters
are numerous and include very specialised formats.
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| cannot import afile.

- Although the file may appear to bein a format listed in Galaad's import
filter, it is possible that your file is in the manufacturers own version that
contains enhanced features beyond the common standard to which Galaad has
been written. Try converting the file to a different format and importing that,
or import it into a different software, then copy and paste it into Galaad.

Galaad does not detect the licence key.

- Check that the dongle is plugged into the computer's parallel port (the
printer port) or a USB port depending on the madd. If all iswell there then it
is likely that your operating system (for example Windows NT4/2000/XP)
requires a special driver. Run the program DONGLEDRIVER.EXE that is on
the Galaad CD-ROM. This program will detect the operating system and
install the appropriate driver.

Can | till print with the dongle fitted?

- Of course. The parallel port dongle is totally transparent to any peripheral
equipment connected to it, such as printers, external disks, scanners, etc.
However, except for educational or hobby licences, it is not necessary to
permanently leave the key on the PC: when you plug it in, the licence is
enabled for one month then you can removeit. Do not lose it though as it will
not be provided separately.

Galaad refusesto drive my machine.

- If your machine doesn't react at al when the software tries to
communicate with it, it is most likely that the connection to it is faulty or that
the CNC parameters are not configured correctly. Start by checking that you
selected the correct model of CNC when setting up Galaad. If this is OK,
check that the interconnecting cable is plugged in the correct way round and
that it is in the correct port (it could be worth trying the other ports). Next
check the RS232 parameters are correct, especially the baud rate, assuming
that it is a serial connection, and try different baud rates. Finally, just check
that it is switched on.

Galaad can drive my machine, but there are problems.

- There are many things to check. If your machine reacts to some
commands, for example performing a reference run correctly, it is safe to
assume that the communication is functioning. In this case, first check that
the correct model of controller has been selected, then its capacities (inter-
polations and memory card). Finally, carefully check the manual control.
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The result is not the same as the design.

- Several machine parameters will need checking, especially the pitch of the
ballscrews and the resolution of the motors. Also cast an eye over the scale
factorsin both the design and machining modules.

The machine moves all by itself when referencing

- Thisisonly likely to occur when you have specified the use of ajoystick in
Galaad's parameters. These little beasts are very versatile by nature and
require careful configuration when used. You can check the calibration of
your joystick in the Windows Control Panel or remove it from the machine's
advanced parametersif it continues to misbehave.

It isimpossible to make a toolpath go round a trajectory.
- Itispossible that you have a small break in the proposed tool path, which
preventsit from being used as required. Zoom in on the contour and check it.

It isimpossible to apply a design function to an object
- Check whether your object is on the active layer and that it is not protected
(usethe "Display/ Trace/ Protections' command).

I've lost my password
- Don't panic. Use Windows Explorer and find the file PASSWORD.TXT in
the folder where Galaad isinstalled, double click on it and your password will
be displayed. The worst possible scenario is that you re-install the software
into the same folder, where the existing parameters and any work already
saved will not belost.
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O Command line arguments

A rdic from the DOS age, it remains possible with Windows application
software to give a starting programme some specific arguments. Obvioudly,
no arguments are attached to the default icons associated with Galaad
modules. However, you may add some indications, provided that you have a
special workspace configuration, for example a workstation for CAD/CAM
tasks and another one for machining sessions under the operator's control.
These arguments may be passed manually from the "Run" command of the
Windows "Start" menu, or permanently integrated to the properties of a
Galaad shortcut icon, be it an original or a simple copy. An argument is
indicated in the command line after the programme call, with an intermediate
space character. Several arguments may be passed one after another, and their
order has absolutely no impact. If an argument must contain space characters,
then you have to put it globally between double quotes "... ... " aso, al
arguments are read regardless of upper/lower case characters.

All Galaad modules accept speific arguments. Of course the first
usable argument is a file name to be opened as soon as the programme starts.
The automatic links between GAL files and the Galaad module, or between
KYN files and the Kynon module, are based on such arguments. For example,
double-clicking on a GAL file makes Windows run Galaad and give it as
argument the path and name of the file that has been double-clicked. If you do
it manually, just start Galaad with the following command line (this is an
example):

"C:\Program Files\Galaad\Galaad.exe" "F:\Files\Galaad\Design.gal"

This will start Galaad and ask it to automatically load the file "Design.gal"
which is located in the folder "Files\Galaad" of disk drive "F". If adesign is
already in progress and not saved, of course Galaad will display it and ask you
to saveit first.

In addition to the file to be loaded at start-up, the other arguments that are
accepted by the Galaad design moduleare as follows:

- CUSTOM automatically switches to the custom restricted mode, that applies
the global restriction set you have defined (and may redefine according as you
like).

- RESET gets rid of the current design and starts Galaad with an empty
board. This may help if the current design file has been altered when saving
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to disk and prevents Galaad from starting normally.

- AUTOMILL opens Galaad with the current design (or any other that has
been passed as an argument) and immediately starts the machining module,
even if it islinked to an external driver programme. The machining module,
which takes over, skips over the normal stages and does not ask the use
anything. Machining parameters are the default ones; the workpiece origin is
the last one validated; messages to the operator's attention are not displayed,
except the very last one before the actual launch of automatic process, which
the operator can only confirm or abort, and which allows them to check the
displayed toolpath that is going to begin (see below the AUTOSTART
argument for Lancelot & Kay which is the logical continuation of this
AUTOMILL argument).

- AUTOTEXT instantly modifies the existing text of the current design (or any
other that has been passed as an argument), whatever its style and mode,
inline or written along a curve. This argument must be followed by two others
that indicate which block of text should be replaced and the text it should be
replaced by. For example, if the design contains "Old text" that must be
replaced by "New text", the command line will be: ...\Galaad.exe AutoText
"Old text" "New text". Here it is important to take care of the order of the
arguments (text to be replaced immediately after the AUTOTEXT argument,
and the new text immediately after the text to be replaced), and the
upper/lower case of characters. If the text that is found does not exactly match
the text that is given as argument, it will be ignored. You may put several
successive "AutoText" arguments for multiple replacements. Also, if there are
several occurrences of the same text in the design, the first found will be
replaced, which isone less for consegquent replacements.

- AUTOQUIT closes Galaad as soon as other arguments have been applied.
This oneis complementary to "AutoMill" or "AutoText".

Machining modules Lancelot and Kayalso accept a direct file name,
from allowed import formats. The file extension determines the import filter.
If this extension is not standard, it becomes necessary to add the standard
extension between brackets as the argument immediately after the file name.
Example: ...\Kay.exe ...\Design.nc (iso) to open the file "Design.nc" under
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the SO import format. Other arguments that the Lancelot and Kay modules
recognise are as follows, and are also valid for the Kynon programming
module

- AUTOSTART skips all intermediate stages without asking the operator
anything, exactly like Galaad's "AutoMill" argument, mentioned above.
Machining parameters are the default ones; workpiece origin is the last one
used; messages to the operator's attention are not displayed, except the very
last one before the actual launch of the automatic process, which the operator
can only confirm or abort. The module closes as soon as the process end
message has been acknowledged by the operator, or if the process is aborted.
The "AutoSkip" argument allows you to skip these messages that remain
active.

- AUTOLOAD starts the machining process exactly like the above mentioned

"AutoStart" argument, except that the machining path is sent to the local

memory of the machine with no run command ("Upload machining to the
controller memory" modeof the advanced machining options).

- AUTOSTORE does the same as the "AutoStart" argument, except that the
upload goesto the controller'slocal disk drive.

&
O Integration into an automated chain

Galaad does not need external software from creation of the design to the
automatic machining process. Except the specific case of machines or
spindles that cannot be driven directly and consequently require a call to an
external driver, it istherefore not necessary to include Galaad or part of itin a
heterogeneous processing chain.

However, and once this has been made clear, it is sill possible to find
room for Galaad in awider set, in which case it will do its best to co-operate
with its workspace environment. Obviously, the commands that should be
passed to Galaad can only be carried through the command line, whose
arguments have been mentioned above. Considering that it is a programme
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that starts Galaad at a given moment in an automatic process chain, the four
main things that can be expected from Galaad are as follows:

1- load agiven GAL file name;

2 - modify blocks of text in thisfile;

3 - start the machining process and skip the operator's dial ogue stages,

4 - closeitsalf once the process is compl ete.

As seen before, some existing arguments may help you build that
sequence, stages 3 and 4 being merged into one single argument. Please refer
to the arguments described above for more details. It is obviously not possible
to tell Galaad to create or modify pure graphic items from the command line
which would be much too difficult and require too many parameters. It you
wish to create a design automatically and start its machining process with no
operator interference, then the best way to do it isto create afilein a standard
format that Lancelot or Kay can read, and call them up with the corres
ponding file name as an argument, followed by an "AutoStart” argument that
will launch the automatic milling process and will even close the module once
the cycleis complete.

Please note that, if Galaad’s machining task is performed by an external
driver, it will be opened automatically if the corresponding arguments have
been passed to Galaad or Lancelot (which isthe one that actually chainsto the
external driver).

For a more complicated process that requires advanced input/output
controls, temporisation etc., the Kynon module should do the job since it is
also able to load and execute immediately, any programme that has been
generated by external software, using the same "AutoStart" argument. The
format of Kynon programme files is text type, and the syntax is not very
complicated, closely looking like the instruction list on the screen. It is
important to use this syntax and particularly the spaces, because bad
instruction lines will be ignored.

As a conclusion, anything that can be done by Galaad modules under the
control of an operator can also be done automatically using command line
arguments. These may be a bit difficult to handle by a user from the Windows
desktop, but much easier to integratein a calling application that encapsul ates
Galaad in a superset, including a batch process.
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O Interface with Windows

This chapter is for those users who have a solid understanding of the
control mechanisms within the Windows environment. The varioustechnical
details described below can help when trying to resolve the possible problems
associated with either loading or using Galaad.

Remember that Galaad —EIEEED HE
is a coherent collection of (e ~Framewotks ———— | [W#_0K
files, comprising modules Dyar: L 2] :zﬁ;?um Elus %X coee |
created with the Borland tradtiiliy o [P € ey 2 s |
C++ 502 Comp||er, and Impart Library [lib] ——
intended exclusively for htom Foe

i IWin32 - I CTLap
use on the W|nd0\NS 32 Target Model "Lihlaries:
. . . | - " OLE
bit platform in graphic = ‘(_SLE o]
. . namic * Static
mode, that is Windows 95, — .
‘l—D_\agnosllc ¥ Multithread |
98, ME, NT-4, 2000, XP
or later.

As already mentioned in the chapter on installation, Galaad does not add
any files to your computer except in its installation directory, with the
exception of a couple of shortcuts placed on the desktop and in the "Start"
menu. These shortcuts, GALAAD.LNK, LANCELOT.LNK, etc., are placed in
the usual sub-directories of C:\WINDOWS or C:\WINNT and are of the classic
type, providing the association to the executables. Two new keys are added to
the Registry, in HKEY_CLASSES _ROOT\GALAAD and HKEY_LOCAL_
MACHINE\GALAAD to associate *.GAL fileswith Galaad. Nothing elseis done
to the registry. Should you ever remove Galaad and delete its folder then you
can find and remove its registry keys if you really want to, but Windows will
not be bothered if you forget.

Galaad's executable files are compact and sdlf contained, created entirely
using the Borland OWL, without the use of exotic VBX controls or other
adornments. Some DLL's that have been developed by Isd-Automation are
added to drive UPMV4-12 controllers that are directly integrated in the PC.
The core module of Galaad is the programme GALAAD.EXE, which manages
the design and working environment. For convenience, Galaad's machining
and manual control module has been created as a stand alone executable
program, LANCELOT.EXE, which is automatically called up by Galaad, who
passes it all necessary arguments and files. This enables the machining to be
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run as an independent task whilst Galaad returns to perform further design
work.

Windows undertakes all of Galaad's file management, including use on a
network, and therefore you can use long file names and any legal Windows
features available in this area. Galaad 3's file extensions are *.GAL, and
library objects are *.GLI. Double clicking on a GAL file causes Galaad to be
started, and the file opened and displayed.

To prevent worries about portability, communicaion with the machine
uses the standard stream control functions of the Windows API, (CreateFile(),
ReadFile(), WriteFile(), etc.), rather than the old functions that accessed the
ports directly. This is to provide compatibility with the latest and future
versions of Windows, in particular Windows NT. However, in the computer
domain, it may be wiser not to predict anything.

A little reminder; if your machine is fitted with a special spindle, that is
started or stopped with codes other than the default ones built in, Galaad can
substitute ones provided by yoursdlf. It is also possible to use an external DOS
or Windows programme just for the spindle. Please refer to the "Spindle"
section of the "Machine parameters' chapter.

O TrueType and Galaad fonts

Galaad 3 uses standard, or compatible, TrueType fonts having the
Windows flag, TRUETYPE_FONTTYPE. These vector fonts are constructed
from two types of geometrical objects, polygons and Q-Splines. The hatching
or clearing out of the interior is undertaken automatically by Galaad, which
detects the external contours and any islands. Specifying Italics uses the
corresponding TrueType font, however, if thereis no italic version available,
you can always incline the characters yourself and specify the angle of
inclination. Alternatively, if theitalic version exists, you can change the slope
angle.

You may find TrueType fonts that have no pen thickness though
Windows cannot manage fonts with simple lines (for example a capital T
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drawn from a single line, actually a rectangle with no width but no less a to-
and-fro movement). In such case, Galaad is able to get rid of superimposed
vectors, which saves time when milling, even if the vectors do not match
absolutely. Please refer to the "Parameters / Workspace / Advanced" settings
to enable or disable this option.

The old Galaad fonts are till available to provide simple line characters
that do not exist as TrueType fonts, or equally fonts where the hatching is
aready done. The fonts, approximately fifty of them, are ingtalled in the
FONTS sub-folder. Three extension are used: GLF for Galaad Light Font
(smple line fonts, very useful), GOF for Galaad Outline Font (thick
contoured fonts and possibly hatched) and GSF for Galaad Special Font
(special fonts such as Braille).

O Downloading the latest updates

Galaad evolves continually. Besides bug fixing, new functions are added
periodically following user requests and discoveries. These improvements
may be of interest to you and updating is very easy if you have access to the
Internet. If so, simply point your browser to http:/AMww.galaad.net and head
to the download page. Y ou will find full instructions (in several languages) on
how to obtain the latest version. Basically it is a matter of downloading the
latest executable files, unzipping them and overwriting your existing files, it's
that smple.
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The aim of this glossary is to provide a guide to the meaning of certain
words used in this manual, which may not be apparent to an inexperienced
user.

2%-D: motion generated by the simultaneous interpolation of any 2 axes with
the third one being stationary (engraving or cutting application).

3-D: motion generated by the simultaneous interpolation of 3 axes. A tool path
whose depth variesis presumed to be 3-D.

Arc: circular or dliptical curve, open or closed.

Axis. motor-actuator assembly enabling either linear or rotary movement of
the spindle or the workpiece.

X-axis: horizontal linear axis, X+ mowves from west ? east.

Y-axis: horizontal linear axis, Y+ moves from south? north.
Z-axis. vertical linear axis, Z+ movesfrom low ? high.

A-axis. rotary axis with the axis of rotation around the X-axis.
B-axis: rotary axiswith the axis of rotation around the Y-axis.
C-axis: rotary axiswith the axis of rotation around the Z-axis.

Baud rate: units of speed for serial data communication (bit/s).
CADCAM: Computer Aided Design Computer Aided Manufacturing

Cartesian co-ordinate: position defined by its linear distance from the origin
along the X, Y and Z-axes.

CCW: Counter-Clockwise.
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Chip breaking cycle: drilling operation where the bit drills to a set depth,
then retracts dightly to break the swarf spirals, before descending and drilling
afurther step. The cycleisrepeated until the required depth is reached

Chip clearance cycle: drilling operation where the bit drills to a set depth,
then retracts completely out of the hole to clear the swarf, before descending
and drilling a further step. The cycle is repeated until the required depth is
reached

Circular interpolation: simultaneous movement of two axes, resulting in a
circular arc.

CNC: Computerised Numerical Controller.

Contouring: a compensated toolpath, usually around the inside or outside of a
closed shape, such that the centre line of the tool is at a distance of half the
diameter from the trajectory of the shape.

Cut out: machine an object at a depth equal to or greater than the thickness of
the material.

Cutter: see"Tool"
CW: Clockwise.

Digitise: operation whereby the points on the surface of an existing object can
automatically be obtained by using a suitable digitising probe.

Drill: operation where the cutter descends into the workpiece to make a hole.
(Seedso "Plunge’).

Encoder: precision measuring device mounted on a servomotor to provide
feedback to the CNC as to the exact position of an axis.

Feed: motion whilst cutting material either horizontally or in 3D.

Feed speed: speed of motion whilst cutting material either horizontally or in
3-D.
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Finishing: a second machining pass following a roughing operation, to
remove any residual stock and provide an accurate finish (see "Roughing").

Initialisation: operation to establish communication with the CNC.
Island: material within a pocket that isto be | eft intact.

Linear interpolation: simultaneous movement of two or more axes, resulting
in astraight line.

Machine Origin: see"Machine zero point ".

Machine zero point: absolute zero position (0,0,0) of the machine,
determined by in-built reference switches.

Manual control: the CNC is controlled directly by Galaad to determine the
position of the workpiece origin.

Override: increase or decrease the final speed (plunge or feed).

Pass: a single machining operation, (roughing, finishing or cutting out) of the
design.

Plunge: the phase where the cutter descends into the workpiece to the
required depth, before making any lateral moves. (See aso "Drill").

Pocketing Cycle: a series of moves, each at a fixed depth, to clear out
material from a defined area.

Polar co-ordinate: position defined by its radial distance from the origin and
the angle from the X-axis.

Port: port on computer to which the communications cable to the CNC is
attached.

Post-processor: programme that produces the machining code for the CNC in
the required format.
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Profile of a tool: cross sectional view of a cutter (cylindrical, conical,
hemispherical etc.).

Rapid move: non-cutting moves where the tool is clear of the workpiece,
made at the machin€e s rapid speed.

Reference move: special move whereby the machine sets each axis to zero by
sending them, one at atime, to find the built in reference switches.

Resolution: the smallest movement the machine can make.
Retract: vertical movement when the toal is pulled up out of the work.

Retract height: a safe vertical distance above the surface of the work, that the
tool retracts to before making any rapid lateral moves.

Roughing: initial course cut to remove the bulk of the material rapidly, whilst
gtill leaving a small amount of stock material to be cleaned up with a
finishing pass. (See "Finishing").

Snap: ajump to the nearest position meeting the snap's criteria.

Spindle: device for holding and spinning the cutting tools, usually driven
either eectrically or pneumatically.

Step: machining pass with the cutter at a restricted cut depth.

Stock: material remaining after a roughing pass, which will be removed by
the finishing pass.

Surfacing: operation to clean up the top surface of a piece of material so that
itisparalle tothe X-Y plane of the machine,

Tool: any cutter, including slot drill, end mill, router, engraving tool etc.
Tool Centre: vertical axis around which the tool rotates.

Tool Cycle: complete machining operation for one tool.
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Tool Sensor: device for automatically measuring the length of a cutter
mounted in the spindle.

Tool shank: parallel portion of the tool that does not cut and is held by the
collet in the spindle.

Visual: an object used in the construction of the design, but not machined.

Workpiece Origin: reference point on the workpiece to which all positions
and moves are referred.
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