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INTRODUCTION

This User's Guide is intended for technical reference purposes only
for advanced users. As your driver software comes pre-configured,
you will in most cases not even have to look at this material.

You should be able to get your machine up and running by referring
only to the general Torchmate instructions. It is strongly advised that
you make none of the advanced settings changes covered by this
Guide, since you might undo the pre-configuration of your software.

The only settings changes you will be making based on your
particular work will be feed rate (speed) and dwell time. You also
may have to change the motor polarity settings, depending on your
table layout. Itis recommended that you save your original set-up file
under a unique file name so you can recapture it if you make one or
more changes that cause operational problems.

This Guide does contain information about G-Code, which is useful to
understand, even though in most cases the G-Code automatically
generated by the software is sufficient without editing.

Since the driver software is intended for many uses in addition to
plasma or oxy-fuel cutting, this Guide includes much information that
is related to milling, routing, etc. Also covered is information about
limit switches and other devices which we do not use in the
Torchmate application.

Note that since the first several pages of this Guide are not
numbered, the page numbers at the tops of the pages will not match
the pages numbers indicated in Adobe Acrobat.

IMPORTANT: Never plug in or unplug your motor cables while
the electronics are turned on. This will destroy the driver circuit
boards in your power supply. Damage caused by this abuse is
not covered by your warranty.

The same thing can happen if you accidentally sever one of your
motor cables. Damage caused by this is not covered by
warranty either.
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Section 1.

Getting Started

Thank You

Thank you for purchasing Torchmate, the intuitive, powerful CNC control system
for Windows® NT, 2000 and XP. No control system is easier to set up and use,
With intuitive controls and real time graphics, Torchmate lets you make parts
quickly and accurately.

We are very committed to the excellence and ongoing enhancement of
Torchmate. Feel freeto call uswith any comments or questions.

Product Support

We are committed to full support of Torchmate products. We have many
resources dedicated to helping you resolve your problems quickly. Please use
these resources in the following order:

1. Web Site: www.torchmate.com

2. E-mail:  torchmate@yahoo.com

E-mail is the most organized way to convey your issues to our support staff.
In your e-mail, please state your problem completely. Include your
Torchmate version, the processor and speed of your computer, your version of
windows and your signal generator serial number. Attach your setup file and,
when appropriate, the G-Code file with which you are having problems.

3. Phone/Fax Support

If email isunavailableto you, please call one of our telephone support
numbers. We will normally respond to your call within 24 hours.

Support Staff — Reno, Nevada:
Phone:  (775) 673-2200 (8:00 AM-5:00 PM, PST, M-F)

New Features

We are always adding new features and capabilities to Torchmate. Some of the
important new featuresin Torchmate 2.0 are:

Cutter Compensation (G41/G42)

Fixture Offset Commands (G54-G59)

Set Program Zero Command (G92)

Helical Interpolation (G02/G03 enhancement)

New Drill Cycles (G82 Counterboring, G85 Reaming)
Move to Reference Point Command (G30)
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e Homing Command (G27)

e MO0 Command with Message to Operator

e Jumpto Any Linein Program

e 3D Isometric View of Toolpath

e XY,XZandYZViewsof Toolpath

e Improved Z-Axis Viewport

e Jog Incremental Distances

e Improved Continuous Contouring

e Much Faster Loading and Preview of Large Files

e New Option for Instant Loading of Large Files (No File Checking or
Toolpath Preview Required)

e Improved Editor with Many New Features

e Tool Geometry Stored in Separate Configuration File
e M-Code Macros

e Two Modesfor Automatic Execution of M-Codes

e Expanded Homing Options

e Recently Used G-Code Files List

e Offline Simulation with Accurate Feedrates

e New DXF Import Options

e Application of Linear Feedratesto Rotary Moves

e All-in-One Configuration Screen

e Progress Meter including Total Time to Run File and Time Remaining
e Line Numbersin Program Listing Box

e Advanced 32-Bit, Object-Oriented Architecture

e Supports Long File Names

System Requirements

IBM PC or 100% compatible with a 800 MHz or faster processor.

Microsoft Windows NT, 2000 or XP. Windows 95 and 98 are not supported.
At least 128 MB of RAM (at least 256 MB preferred for large G-code files).
Hard drive with at least 20MB of space available.

CD drive.

A Microsoft-compatible mouse. Note that for best performance, the mouse
should connect directly to the bus (the standard mouse plug on most systems),
or through a mouse bus port rather than through a serial port.
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e Oneavailable RS-232 serial port. If the port has a 25-pin connector, a 9-pin
male to 25-pin female adapter will be required. If you have a laptop without a
serial port, PCMCIA seria cards are available.

Installing Torchmate
It's easy to install Torchmate.
1. Closeall applications

2. Insert the Torchmate CD into the CD drive. On most PC’s, the installation
program will start automatically after afew seconds, and you can continue
with step 3 below.

If your PC is configured not to start CD installations automatically, double-
click the program icon labeled * Setup.exe’.

3. Follow the on-screen instructions.

If you are currently using Torchmate version 1.61 or earlier, note that Torchmate
2 will be installed completely separate from your Torchmate 1.XX installation
and will not affect it in any way.
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Safety and Usage Guidelines

When running an automated machinetool, safety is of utmost importance.
For proper and safe use of the Torchmate program and your CNC machine,
the following safety guidelines must be followed:

1. Never let the machinetool run unattended.

2. Requireany person in the same room as a running machine tool to wear
safety goggles, and to stay a safe distance from the machine.

3. Allow only trained operatorsto run the machinetool. Any operator must
have:

e Knowledge of machinetool operation

e Knowledge of personal computer operation
e Knowledge of Microsoft Windows

e Good common sense

4. Place safety guards around the machineto prevent injury from flying
objects. It ishighly recommended that you build a safety shield around
the entire tool envelope.

5. Never place any part of your body within the tool envelope while the
machineisonline, since unexpected machine movement can occur at any
time.

6. Alwayskeep thetool envelopetidy and free of any loose objects.
7. Beon alert for computer crashesat all times.

WPI, Inc. isnot responsible for the safeinstallation and use of this product.
You and only you areresponsible for the safety of your self and othersduring
the operation of your CNC machinetool. WPI suppliesthisproduct but has
no control over how it isinstalled or used. Always be careful!

WPI, Inc. isnot responsible for damage to any equipment or workpiece
resulting from use of thisproduct.

If you do not under stand and agree with all of the above, do not usethis
product.
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About this Manual

Torchmate is a unique Windows application, so you’ll need some instruction to
get started. Since automated machining is potentially dangerous, please take
the time to completely read through this manual to under stand oper ation of
the softwar e before running the system.

Please note that all Torchmate terminology appears in boldface upon first
occurrence and is defined in the glossary.

It is assumed that you already have aworking knowledge of the PC and
Windows. If you are not familiar with either of these, please review your PC or
Windows user’ s guides before you use Torchmate.
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Main Screen Features

Section 2.

Pull-Down |

Menu Bar

DRO Box

Toolpath
Viewport
Box

Control
Selection
Box

Control
Panel

Program
Listing
Box

Main Screen Features
The main screen is shown below. An explanation of each area of the screen
follows.
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Pull-Down Menu Bar
This area contains the main menu headings for many system commands.
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FileMenu

| Ele Configwation Controller  Yiew  Coordinates  Hel
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Save Setup
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New G-Code — Opens the editor dialog box with anew, empty file:
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11 ll
Uipdats Toolpath Closa

Open G-Code — Opens an existing G-Code file, checks the file for errors, draws
the toolpath in the Toolpath Viewport, and displays the program in the Program
Listing Box.

Close G-Code — Closes the open G-Codefile.

Editor — Opens the editor dialog box and displays the current G-Code file. Using
this feature you can edit any G-Code file without leaving Torchmate. Note that
you can also double-click the Program Listing Box to open the editor.

New Setup — Creates a new Setup file by making a copy of a pre-configured
setup file. The Setup file contains all of the configuration parameters for your
machine tool. Y ou can change the parameters using commands in the
Configuration menu (described below). Setup file names have an “STP”
extension by default.

Open Setup — Opens an existing Setup file.
Save Setup — Saves the current configuration parameters to the current Setup file.
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Save Setup As— Saves the current configuration parameters to a new Setup file.

New Tooling — Creates anew Tooling file. The Tooling file contains all of the
tool geometry information for your set of tools. Y ou can change the parameters
using the Tooling command in the Configuration menu (described below).
Tooling file nameshavea“TLG” extension by default.

Open Tooling — Opens an existing Tooling file.

Save Tooling — Saves the current tool geometry information to the current
Tooling file.

Save Tooling As — Saves the current tool geometry information to a new Tooling
file.

Import DXF — Converts a 2-dimensional DXF file into standard G-Code, and
opens the G-Code file created.

Exit — Setsthe Signal Generator offline, then exits the program. This command
does not automatically turn off the Signal Generator, motor driver or other
electronicsin your system. You must turn off all electronics separately.

Configuration menu

il |l:quu"a'[l:|n Controller  Wiew  Coordinates  Hel

~—  Machine Tool...
Z A

Hanming, .

Feedrate Famping. ..

Referanca Painks. .. \
Fixture Offsets. ..

Input Lines...
Cutput Lines...
Cugkem M Codes, .,
Mitor Sknals. ..
GeCnde, .,

Cutter Compensation. .. =
Thiezding. ..
Imnport,..
Wiewwports, .
Communications., ..
Sysbem Oplions. ..

Tooding, ..

X

The commands shown above open a dialog box where you' |l enter configuration
parameters for your machine tool, geometry information for your tooling, and
other user preferences. These parameters are described in detail later in the
manual.
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Controller Menu

Fie Configuration | Cortraller View Coordinates Help
Arline
z * Offine Z
W Simulabe When Offfine
Iroidt Lire Skakls, ..
104 - kA

Online — Establishes communications with the Signal Generator. Once
communications are established, Torchmate places a check mark next to this
menu item. When the Signal Generator is online, all move commands will be
executed by the machine tool, and the screen will update in real time.

Once the unit goes online, a safety reminder screen appears. It isimperative that
you and anyone else near the machine understand, agree and adhere to all of the
safety guidelines. If the safety guidelines are not accepted, the Signal Generator
will immediately go offline.

x|

Safety First!

The controller is now online. ALL MOWES WILL BE EXECUTED BY THE
MMACHIMNE TOOL,

A computer caontralled machine tool is potentially dangerous. You are
responsible for the safety of yourself and others during the operation of your
CMNC machine. For safe use of this software and your CNC machine, you must
follow these safety guidelines:

1. Mever let the machine tool run unattended. -

2. Reguire any person in the sarme room as a running machine tool to wear
safety goggles, and to stay a safe distance from the machine.

3. Allow only trained operators to run the machine tool. Any operator must
have:

Knowledge of rachine tool operation. ;l

If you do not understand and agree with all of the abowve safety guidelines, please
choose Go Offline below.

Zo Offline

Offline — Terminates communication with the Signal Generator. When the Signal
Generator is offline, Torchmate places a check mark next to thismenu item. In
this mode, the screen will update, but the machine tool will not move. This option
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lets you “animate” a G-Code file, which is useful for debugging before cutting a
part.

Simulate when Offline — When checked, Torchmate displays machine motion at
accurate speeds when the Signal Generator is offline. When unchecked,
Torchmate displays machine motion as quickly as your PC will alow.

Input Status — Shows the current status of the input lines, as well as the current
speed for alathe spindle (using encoder feedback). The following dialog box is

displayed:

x

Line Description Status
1 X-Home/Limit [ Closed
2 X+ Home / Limit [ Closed |
3 Y-Home /Limit [ Closed |
4 Y+ Home /Limit [ Closed
5 7+ Home /Limit [ Closed |
&6 Enclosure Door -
7 Indexer Position 1 -
i Indexer Position 2 -

Spindle Speed: I 0 (rpm)
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View Menu

Fie Configuration Controller | Wiess Coordinates  Help

» Al Rt Tookath —
. Y ARk Machine

Z

v G-Code Pansl Chrl+G

Jag Panel Chri+2
104 Foint Pansl Chrl+#
Home Pane Ctrl4H
S Faned Chrl+5

[ Program Coordinabas
Machire Coordinates
Relative Coondinabes —-
¥ Distance Ta Ga Cocrdinates
on 209 Al Coordinabes

1 i I

All Fit Toolpath — Causes the toolpath for the current G-Code File to expand as
much as possible within al Toolpath Viewports.

All Fit Machine — Causes the machine envel ope to expand as much as possible
within all Toolpath Viewports.

G-Code Panel, Jog Panel, Point Panel, Home Panel, Aux Panel — Selects the
control panel to display. These commands are functionally identical to the
buttons in the Control Selection Box, and their main purpose isto provide
keyboard equivalents and shortcuts for those buttons. See “Control Selection
Box” later in this section for a complete explanation of each command.

Program, Machine, Relative, Distance To Go, or All Coordinates — Selects the
display mode for the DRO Box. Choosing Program Coor dinates, Machine
Coordinates, Relative Coordinates, or Distance To Go Coordinates will
expand the chosen DRO into the entire DRO Box as shown below.

Program Coordinates _ Set | 0 |

X 0.0000
¥ 0.0000
: 0.0000
A 0.0000

Choosing All Coordinates will display all four coordinate systems simultaneously
in the DRO Box. You can aso change these view modes by double-clicking any
of the DRO’s.
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Coordinates Menu

Fie Configwation Controller Wiew | Coordinates Help

Zera Pragram
z T Zera Maching
Zern Relative

*1 e Sek Program...

Set Belative...

Clesr Machine [ |
0= - -5

The commands in the Coordinates menu are functionally identical to the buttons
in the DRO Box. The main purpose of this menu isto provide keyboard
equivalents and shortcuts for the buttons. See “DRO Box” later in this section for
a complete explanation of each command.

Zero Program — Same as the Zero (0) button next to the Program coordinates
label.

Zero Machine — Same as the Zero (0) button next to the machine coordinates
label.

Zero Relative — Same as the Zero (0) button next to the Relative coordinates label .
Set Program — Same as the Set button next to the Program coordinates label.
Set Relative — Same as the Set button next to the Relative coordinates |abel.

Clear Machine — Same as the Clear button next to the machine coordinates |abel.

Help Menu

Fie Configuration Controller View Coordinatss | Help

Lizer's Guide...
Z Y
About FlashOut CHC...

I =

User’s Guide — Displays the Torchmate User’s Guide. Y ou must have the Adobe
Acrobat Reader installed (version 4 or higher) to view the User’s Guide. Once
the User’s Guide is displayed, click the Bookmarks tab for easier navigation in
Acrobat Reader.

About Torchmate — Shows the Torchmate software version number.

DRO Box

The DRO Box shows the current tool position in Program, Machine, Relative and
Distance to Go coordinates. It also has command buttons that set the coordinate
values.
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Program _s«¢t | o] Machine ceag|[i

X 0000 Clear Button
Y 0. 0

Z 0.000 Zero Button
5 0 .9009 Set Button
Relative _sst | o]

X 0.0000 |X 0 .DETE)O_ Coordinate
Y 0.0000 |y 0.0000 System Label
Z 0.0000 (Z ™S0.0000 DRO

A 0.0000 |A 0.0000

Coordinate Systems

Program

Displays the coordinates of the current position of the tool relative to Program
Zero.

Machine

Displays the coordinates of the current position of the tool relative to M achine
Zero. This coordinate system is undefined if Machine Zero has not been set

(displays “N/A™).

Relative

Displaysthe current relative coordinates. The relative coordinate systemis
general purpose and may be used for anything you choose. For instance, to

measure the distance from any point, zero the relative coordinates at the point
from which you want to measure.

Distance To Go

Displays the distance to the ending position of the current move.

Note that you can double-click any DRO to expand it to fill the entire DRO Box.

Command Buttons

Zero Button — Sets X, Y, Z and A values of the indicated coordinate system to
zero.

Set Button — Allows setting the X, Y, Z and A values of either program or relative
coordinates to any value. When chosen, the following dialog box appears:
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x
—MNew Values
X inches Zero X
b IW inches Zero ¥
£ IW inches fero £
A, IW : Zero A
Use Fixture Offset:
|[Select] |

[9]:4 Cancel |

> To set new values within a coordinate system

1. TypeintheX, Y, Z and A valuesfor each axis. These coordinates will
become the current position of the tool.

2. Choose OK.

» To zero specific axesindividually
1. Choose the Zero button for each axis you want to zero.
2. Choose OK.

» Toactivate a fixture offset

1. Select an offset from the Use Fixture Offset pull-down menu. Torchmate
automatically enters new coordinate values that activate the selected
fixture offset. All fixture offsets are defined in the Fixture Offsets panel
of the Configuration dialog box.

2. Choose OK.

Clear Button — Clears the current Machine Zero setting. This button is useful
when you’ ve set Machine Zero manually (using the Machine Coordinates Zero
button) and need to make a correction to the Machine Zero location.

Toolpath Viewport Box

The Toolpath Viewport Box can display up to 10 different views of the toolpath
described by the current G-Code file. Y ou can select the viewsto display in the
Viewports panel of the Configuration dialog (for more details, see “Viewports™ in
the Initial Setup section).
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The figure below shows the Toolpath Viewport Box in atypical configuration for
milling (XY and Z viewports displayed). The XY viewport shows an aeria view
of the tool envelope. The Z viewport shows the height of the tool during
machining. Green and light blue dots represent the origins of the Program and
Machine (if used) coordinate systems respectively. The Machine Tool Envelope
is shown asthe light blue box on the XY viewport and by the light blue bar on the
Z viewport.

= ¥ XY Viewport
7 \\ Program Zero
E -2 H e
o /<
Machine Zero
F =4
2 \ .
™~ B Machine Tool
L & Envelope
-& —a17]
i i i i Z Viewport
i X

The figure below shows the Toolpath Viewport Box during the execution of a G-
Codefile.

In the XY viewport (and all other multi-axis viewports), the yellow dot represents
the current position of thetool. The red outline represents the tool path described
by the current G-code program. The blue trace represents the portion of the
toolpath that has already been executed. Solid lines depict feedrate moves while
dashed lines represent rapid moves.

In the Z viewport, there are two scales when machine coordinates arein use: the
scale on the left isin program coordinates, while the scale on theright isin
machine coordinates. At the bottom of the blue tool icon, a short indicator line
points to the current Z program coordinate. Near the top of the blue tool icon, an
indicator pointsto the current Z machine coordinate. The left-side red bar
represents the total Z travel relative to the program coordinate system. The right-
side red bar represents the total Z travel relative to the machine coordinate system.
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Total Z Travel
(Machine Coord.)

Totd Z Travel
(Program Coord.)

Program
'] Toolpath (Red)

Current XY
1 Position (Yellow)

Rapid Move
(Dashed)

Toolpath Already
'] Cut (Blue)

Current Z Machine
Coordinate

Current Z Program
Coordinate

Control Selection Box
The Control Selection Box has buttons to select each of the five Control Panels.

G-Cudel Jog | Faint | Home | Ay |

All of the controls you' Il need to run your machine tool are located on these
panels as follows:

G-Code Controlsto move the tool along the toolpath specified by a G-Code

program.
Jog Controls to manually move the tool one axis at atime.
Point  Controlsto move the tool to any point specified.
Home Controlsto seek the home switches.

Aux Controlsfor turning auxiliary devices on or off.

To switch between panels, smply click on the appropriate button. Each control
panel is described below.

G-Code Control Panel

The G-Code Control Panel provides controls to move the tool as directed by the
current G-Code program.
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Jog Paint | Home | Aux |
Feedrate Override
0 1 I = Faster Program Feedrate: I—D.D Buttons
Cancel GO Slower I 1DB\vI % Override: | 0.0 Feedrate
Override Pull-
ime: 00:00: Down Menu
el e Ll Reset " Step  Continuous
To Go: 00:00:00
| Start Feed Hold (Any Key) |
Progress Meter

Continuous / Step Radio Buttons — Sets the G-Code file processing mode. In
continuous mode, the G-Code program runs without interruption. In Step mode,
the G-Code program executes oneline at atime.

Start Button — Begins execution of the current line of the G-Code file. When in
Step mode, execution will stop automatically at the end of the current line, or
when the Feed Hold button is hit. When in Continuous mode, execution
continues until the end of the program, or until the Feed Hold button is hit. If the
program has been stopped in the middle of a G-Code line, choosing the Start
button will begin execution exactly where the program stopped. Note that all
moves begin with ramping when necessary.

Feed Hold Button — Stops execution of the G-Code file. The machine tool will
stop, ramping down if necessary. The slower the ramping rate, the longer it will
take from the time the Feed Hold button is hit to the time the tool comesto a
complete stop.

Y ou can also stop the machine tool by hitting any key on the keyboard (except
Shift or Citrl).

Reset Button — Resets the current G-Code file to the first executable line and
refreshes the Tool path Viewport Box.

Feedrate Override Buttons and Pull-Down Menu — Increases or decreases the
feedrate on the machine as a percent of the programmed feedrate. Y ou can also
enter an exact feedrate override percentage by choosing a value from the Feedrate
Override pull-down menu (or typing in any value). Both the programmed
feedrate and the override feedrate are displayed. Rapid moves are not affected by
feedrate override.

Y ou can use the keyboard instead of the Faster/Slower buttons as follows:

Faster Ctrl + Up Arrow Key
Slower Ctrl + Down Arrow Key

Jump to Line Button — Lets you jump to any linein the G-Code file. When you
click the button, Torchmate activates the Program Listing so you can select a G-
Codeline. Thelineyou select must contain acommand (it cannot be a comment
or blank line). After you select an executable G-Code line, click the Go button to
jump there, or the Cancel button to cancel the operation. If you click Go,




Section 2 Main Screen Features 19

Torchmate repositions the G-Code file, then displays adialog giving you the
option to move the machine tool to the correct location for restarting the file at the
new G-Codeline.

Run Time — Shows the total estimated time to run the G-Code file. This estimate
takes the current feedrate override setting into account. It does not take into
account ramping, direction change delays, or backlash compensation.

To Go — Shows the estimated time remaining to finish running the G-Code file.

Progress Meter — Shows the current progress running the file, based on the Run
Time and To Go time.

Jog Control Panel
The Jog Control Panel provides controls for manually positioning all axes.

5-Code |

Axis Jog
Z+ Y+ A+ % Fast &+ Contin Buttons
= hed 0.1 Jog Rate
X - i' —‘T 001
[ ¢ Slow | | - D_Dm\ Jog Mode
= x| A

Paint | Home | ALK |

Hold | ¢ Step

Axis Jog Buttons

Y ou can move a single axis of your machine tool by pressing and holding an Axis
Jog Button. Ramping is used if the jog rate is faster than the Start/Stop Feedrate
for agiven axis. Note that you can also jog the machine using the keyboard. The
controls are mapped as follows:

X+  Citrl + Right Arrow Key
X- Ctrl + Left Arrow Key
Y+  Ctrl + Up Arrow Key
Y- Ctrl + Down Arrow Key
Z+ Ctrl + Page Up Key

Z- Ctrl + Page Down Key
A+  Ctrl + Plus (+) Key

A- Ctrl + Minus (-) Key

Jog Rate

Slow, Medium and Fast — Sets the jog rate to the corresponding rate
specified in the Feedrate/Ramping panel of the Configuration dialog box.
Note that there are separate jog rates defined for linear and rotary axis

types.
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Jog Mode
Continuous — Sets Torchmate to move continuously while you hold down
an Axis Jog button.

Discrete Distances — Sets Torchmate to move the indicated distance each
time you click an Axis Jog button.

Step — Sets Torchmate to move exactly one motor step each time you
click an Axis Jog button.

I
o
o

Stops motion during a discrete distance move.

Point Control Pan€

The Point Control Panel provides controls for moving the tool to any XY ZA
position at any feedrate.

Torchmate does not always move all axes simultaneously. The sequence of axis
motions follows a general-purpose scheme based on three fields in the Machine
Tool and Homing Panels of the Configuration dialog box: Home End, Home
Order, and Point Move Linear Interpolate. These fields should be configured to
allow for safe moves in Point mode, which generally means the tool retracts from
the workpiece before any other motion occurs. Torchmate uses the following
rules to sequence the individual moves:

1. Do al non-interpolated moves that are towards the Home End, in the Home
Order.

2. Dotheinterpolated move, if any.

3. Do all non-interpolated moves that are away from the Home End, in reverse
Home Order.

By setting the three configuration fields properly, you can make the sequence safe
for your machine tool configuration.

Example:

For amilling application that includes a rotary table, the configuration settings
described above are typically set asfollows:

Axis | HomeEnd | HomeOrder Pt. Move Linear Interp.
X Negative 2 Yes
Y Negative 3 Yes
z Positive 1 No
A Negative 4 No

If the Z axis must be raised to reach the destination point, and the A axis must
move in the positive direction, the individual moves will be:
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1. Z axismovesup
2. X andY axes move together
3. A axismoves

If the Z axis must be lowered to reach the destination point, and the A axis
must move in the positive direction, the individual moves will be:

1. X andY axes move together
2. A axismoves
3. Z axismoves down

The G28, G29 and G30 commands (described later in the System Programming
section) follow the same scheme.

Point List

Coordinate

| n | stem Pull-
5-Code Horre Fan W em
| s | | Down Menu

M IIn[:rementaI j IFeedrate \4 Rate Mode

Program Zero

Pull-Down
Machine Zero X |0.0000 in IEE.EIEI wn\ Menu
=i

Relative Zero . I—
Tool Change Y |0.0000 If 3680 Linear Feedrate
Program Start 7 [0.ooon i Mo | Text Box

Curr. Line Start —
Last Feed Hold A oo e Feed Hnld\l\-_ .Fr*g;?gc';eed'a‘e

kkk

Point List
Provides alist of move options as follows:
Any Point —Movesto any XY ZA point in the selected coordinate system.
Program Zero — Moves to Program Zero.
Machine Zero — Moves to Machine Zero (if defined).
Relative Zero — Moves to Relative Zero.

Tool Change Position — Moves to the G28 reference point specified in the
Reference Point panel of the Configuration dialog box (defined in machine
coordinates).

Program Start Point — Moves to where the tool was located when the
current G-Code program was started.

Current Line Start Point — Moves to where the tool was located when the
current G-Code line began execution. Also, after jumping to anew G-
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Code line, this value is the starting point for the G-Code line to which you
jumped.

Last Feed Hold Point — Moves to where the tool was located when G-
Code execution was stopped by the Feed Hold button.

Note that you can select each item in the Point list using the keyboard as

follows:

Any Point Shift + 1
Program Zero Shift + 2
Machine Zero Shift + 3
Relative Zero Shift + 4

Tool Change Position ~ Shift +5
Program Start Point Shift + 6
Current Line Start Point  Shift + 7
Last Feed Hold Point Shift + 8

Coordinate System Pull-Down Menu — The tool will move to the XY ZA position
in program coordinates, machine coordinates, relative coordinates, or
incrementally from the current position of the tool, depending on the option you
select.

Rate Mode Pull-Down Menu — Y ou can set the travel rate by selecting one of the
following:

Rapid — The machine tool moves at the maximum feedrate allowed by
your current maximum feedr ate settings in the Feedrate/Ramping panel
of the Configuration dialog box.

Feedrate — The machine tool moves at the feedrate you enter in one of the
feedrate text boxes.

Linear Feedrate Text Box — If Feedrate is selected in the Rate Mode pull-down

menu, any moves that involve linear axes only will use this feedrate. When you
startup Torchmate, this value defaults to the Point Feedrate-Linear field in the
Feedrate/Ramping panel of the Configuration dialog box.

Rotary Feedrate Text Box — If Feedrate is selected in the Rate Mode pull-down

menu, any moves that involve the*A’ axiswill use this feedrate. When you
startup Torchmate, this value defaults to the Point Feedrate-Rotary field in the
Feedrate/Ramping panel of the Configuration dialog box.

M ove Button — Executes the move.

Feed Hold Button — Stops execution of the move. Hitting any key on the

keyboard (except Shift or Ctrl) also stops the move.
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Home Control Panel

The Home Control Panel provides controls to seek the limit switches and establish
the Machine Zero location.

G-Code | Jog | Point |]

Seek Home Feed Hold (Any Key)

Seek Home — Finds the home switch on up to four axes. To savetime, itis
recommended that you first jog each axis near the home switch before homing.
Once Machine Zero (home) is set, the machine tool envelope is redefined.

If Machine Zero was already set before homing, Torchmate displays adialog
showing the discrepancy between the previous Machine Zero and the new
Machine Zero just found. This provides a convenient way to check that no steps
were lost while cutting a part, within the accuracy limits of the home switch. The
home switches supplied as a Torchmate accessory have a repeatability of +/-
0.001".

The homing operation can be tailored several ways, to suit the particular machine
tool configuration and your preferences (see “Homing Settings’ in the Initial
Setup section of this manual.)

Feed Hold Button — Stops the homing operation. Hitting any key on the keyboard
(except Shift or Ctrl) also stops the operation.

Auxiliary Control Panel

The Auxiliary Control Panel provides controls for turning on or off auxiliary
devices, such a spindle or coolant pump. Torchmate displays atoggle button for
each output line that has a Description entered in the Output Lines panel of the
Configuration dialog box.

(5-Caode | Jog | Faint | Home I

1 - Spindle (Off) 2 - Mist Coolant (Off) |

3 - Flood Coolant (Off)
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On / Off Buttons — Turns the indicated output line on or off. For safety,
Torchmate displays awarning when you turn on a device (click OK to proceed).
The warning may be turned off in the Messages panel of the Configuration dialog
box.

Note that you can operate the On/Off buttons using the keyboard as follows:
Ctrl + output line number toggles the line on and off

IMPORTANT NOTE: The keystroke combination *Alt + output line number’
does not turn the line off, asit did in all previous Torchmate versions (1.00 —
2.0.8).

Tool Box

The Tool Box displays the current tool, its offset and diameter, and the current
tool length/geometry compensation mode.

Tool: INnne j

Offset | 0.0000 ¥| 0.000WZ| 0.0000 guulrlre[?tTool
-bown

Carnp: |Positive (G43) ¥ Diam: [ 0.0000 Menu

Current Tool Pull-Down Menu — Lets you select the current tool loaded in the
machine tool. Note that Torchmate uses this setting for tool length/geometry
compensation (see the System Programming section for more information).

Current Tool Offset and Diameter — Displays the XY Z offset and diameter for the
current tool, using settings in the Tooling panel of the Configuration dialog box.

Compensation Mode Pull-Down Menu — L ets you select the current tool
compensation mode. Note that Torchmate uses this setting for tool
length/geometry compensation (see the System Programming section for more
information).

Online Status Box

The Online Status Box displays the current communications status of the Signal
Generator.

I Offline Onl_i ne
Indicator

Online Indicator — When the Signal Generator is online, the Online indicator is
red.
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Program Listing Box

The Program Listing box displays the current G-Code program and highlights
the current line. Y ou can use the scroll bar to view the entire program.

{Use 174" End 1»{111:|i L Current Line
GO0 X1 ¥l Program Listing
G0l Z-2.0 F5S ﬂ/////’

501 X15 ¥1 F1

G01 X15 Y9

G01 X1 Y9

G01 X1 Y1

500 Z0.5

500 X8 ¥3 El

Program Listing — A listing of the current G-Code program.

Current Line — The line currently being executed, or about to be executed by
Torchmate.

To improve system performance, the Program Listing Box can be configured to
display the current line of G-Code only, or to disappear completely while a G-
Codefileisrunning. Also, you can turn the line numbers on or off (see“ System
Options” in the Initial Setup section of this manual).

Note that you can open the Editor dialog box by double-clicking the Program
Listing Box.
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Section 3. Initial Setup

This section describes how to set up Torchmate for use with your machine tool.
It's very important that the software and hardware are set up properly. Incorrect
setup may cause the machine tool to behave in a potentially dangerous manner.
Please read through this section carefully to gain a thorough understanding of how
Torchmate controls your machine.

Windows Setup

Since Torchmate is areal time control program, it must have full control of the
operating system while running. It isvery important that you do the following
before running Torchmate:

Disable all screen saversand power management programs.

Make surethere are no background programsrunning such as back-up
softwar e and calendar reminders.

Make sure no other programs are open.

» ToDisablethe Screen Saver
1. Choose Settings, then Control Panel from the Start Menu.
Double-click the Display icon.
Select the Screen Saver tab.
Select “(None)” from the Screen Saver pull-down menu.

Choose the Apply button.

o g b~ WD

Choose OK to exit.

Software Setup

The Configuration Files
All software settings are stored in threefiles:

e Setup File (extension “STP"): All machine-related settings
e Tooling File (extension “TLG”): All tooling settings

e User File (extension “USR”): All user preferences (not directly related to the
machine or tooling)

Before you start running your machine, you’ll need to create the appropriate setup
file for your machine tool. Choose New Setup from the File menu and select the
preconfigured setup file that best matches your machine. If apreconfigured setup
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fileis not available for your machine, select TORCHMATE.STP. You can
configure the setup parametersin this file for your machine tool.

For machines that operate in more than one mode, such as combination mill-lathe
machines, you' || create a separate setup file for each mode of operation.

Torchmate will use the tooling and user files created during software installation.
If you use Torchmate' s tool offset and compensation features extensively, you
may find it convenient to create several tooling files.

Each time you start the program, Torchmate will automatically load the last setup
and tooling filesused. Thereisonly one user file, which Torchmate loads
automatically at startup.

System Settings

> To set the System Settings

1. Choose System Options from the Configuration menu. The System
Options panel of the Configuration dialog box will appear.

Sysztem Options

— Eeneral — Digplay Update Periad
Contraller Type: ISignaI Generatar j DRO': (0500 [zec]
Signal Gen. Chip: | Standard VOT3M/N) | Viewports: W [zec]
|/0 Expanzion Board: INu:une j
—Advanced

Syztemn Units: IEngIlsh [inch] j Timing Factor |4_

[+ Breview and Check G-Code Files i ;
[+ FEill Buffers During Laad

v Automatically Reset G-Code Files
o & Y [+ Load Ertire File when Opened

— Pragram Listing Box Start Delay: IEI.EEEI [zec]

Digplay: IS::n:uIIing Lizt j

v Show Line Murnbers

2. Controller Type — Indicates the type of controller being used. Currently
the only controller supported is the Torchmate Signal Generator. Other
controllers may be supported in the future.

3. Signal Generator Chip — Indicates which chip version isinstalled in the
Signal Generator. If you are not sure of your chip version, you can look on
the label of the 40 pin microprocessor inside of your signal generator.

4. 1/0O Expansion Board — Indicates which input/output expansion board is
installed in the Signal Generator.
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5.

10.

11.

12.

13.

14.

System Units — Indicates the units for all software settings, for display on
all dialogs, and used as default when interpreting G-Code files. If a G-
Code file uses different units, the G20 or G21 command must be used (see
“G20, G21 Inch Units and Metric Units’ in the System Programming
section).

Preview and Check G-Code Files— If checked, Torchmate displays the
toolpath and checks the G-Code file for errors whenever afileis opened or
reset. If unchecked, Torchmate skips these steps. When running very
large files, you may want to uncheck this option to save time opening and
resetting G-Code files.

Automatically Reset G-Code Files — Determines whether Torchmate
redraws and rechecks a G-Code file each time you take action that affects
processing of the file (such as resetting program coordinates). If you
uncheck this checkbox, Torchmate will not redraw and recheck the G-
Codefile automatically. Y ou will need to reset the file manually just
before running the file (using the Reset button on the G-Code Control
Panel).

Display — Affects how the software displays the Program Listing Box
when running a G-Code file in continuous mode. When running G-code
files with many short moves, the Torchmate software runs faster if you
select “Current Line,” and runs fastest if you select “Nothing”.

Show Line Numbers — Determines whether or not Torchmate displaysline
numbers in the program listing box.

Display Update Period — DRO’ s — Determines how often the coordinates
are updated in the DRO Box while the machine tool is moving. Higher
values may increase performance on slower computers.

Display Update Period — Viewports — Determines how often the tool path
trace is updated in the Viewport Box while the machine tool is moving.
Higher values may increase performance on slower computers.

Timing Factor — Sets the precision for timing on interpolated moves. The
higher the number, the greater the precision and the lower the system’ stop
speed. For digital servo drivers, set thisvalueto 2. For stepper drivers,
set this value between 3 and 10.

Fill Buffers During Load — If checked, Torchmate preloads interna
buffers while the Program Load Status dialog is displayed. 1f unchecked,
Torchmate preloads internal buffersin the background, after the Program
Load Status dialog has closed. The standard setting is checked.

L oad Entire File when Opened — If checked, Torchmate loads the entire
G-Codefileinto internal buffers when it’s opened or reset. If unchecked,
and the G-Code Fileislarge, Torchmate |oads a portion of thefileinto
internal buffersinitially, then loads successive portions of the file while it
isrunning. The standard setting is checked.
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15. Start Delay — Sets the duration of the delay that occurs when you click the
Start button on the G-Code Control Panel (in Continuous mode only).
Thisdelay isrequired on slower PC’ s to alow background processing to
get well ahead of machine tool motion, which guarantees smooth motion
when afile starts running.

Communications Settings

> To set the Communications Settings

1. Choose Communications from the Configuration menu. The
Communications panel of the Configuration dialog box will appear.

Communications

— Serial Communications

Serial Part; IEEIM 1 "I
B audrate: |38.4 K. vI

Buffer Time; |0.:300 [sec]

2. Serial Port — The serial port your computer will use to communicate with
the Signal Generator. Typically, thiswill be COM 1, COM 2, or COM 3.

3. Baud Rate — The speed at which Torchmate communicates across the
serial port with the Signal Generator. It is measured in bits per second.
The standard setting is 38,400, which is fast enough for most applications.
If you're running the Signal Generator at high step rates use 57,600 or
115,200. If you’ re getting communications errors, try 9600 to help
troubleshoot the problem (and move the machine only at slow speeds).

4. Buffer Time— Used to prevent system events (such as screen updates)
from affecting motor movement on the machinetool. The larger the
Buffer Time, the less effect system events have on motor movement. The
smaller the Buffer Time, the more responsive the machine tool is to mouse
clicks and keyboard commands. In most cases, the lag-time between the
PC and the motor movement isimperceptible. The value can range from
0.01 to 1.0 seconds. Slower computers may require a higher value.
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Motor Signal Settings

Torchmate provides three signals for motor drivers: step, direction, and enable.
Different manufacturers have different requirements for the polarity and timing of
these signals. Torchmate provides the flexibility to tailor the motor signalsto run
most drivers.

» TosettheMotor Signal Settings

1. Choose Motor Signals from the Configuration menu. The Motor Signal
panel of the Configuration dialog box will appear.
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2. Motor Line— Setsthe Signal Generator channel used for the axis. This
setting lets you map any axis letter to any channel in the Signal Generator.
Thisis particularly useful when the axes on a machine tool require
different axis letters depending on the mode of operation (e.g. combination
mill-lathe machines).

3. Motor Direction — Sets the direction of rotation for the motor.
Depending on how a motor iswired, the same signal from the motor driver
can turn it clockwise or counter clockwise. Use the jog buttons to make
sure that a positive move in each axis on the screen corresponds to a
positive move in each axis on the machine tool. Note that the direction of
movement is defined as the direction of the tool relative to the workpiece.
For example, on a typical milling machine, a positive X move (tool
movement to the right) requires table movement to the left. If any
direction isincorrect, change the Motor Direction from Positive to
Negative (or vice-versa) to reverse the correspondence between the
software and machine tool.
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4. Step Pulse Polarity — Sets the polarity of the step signal. Choose High or
Low based the diagram below.

Motor Steps on Active

High Pulse on Trailing
Step Pulse Width Edge of Step Pulse
Step
J J J
CW CCwW CCWwW
Dir [ Dir Change Coincides
\____with Inactive Leadi ng

Step Pulse Polarity = HIGH

Step Pulse Active Edge = TRAILING Edge of Step Pulse
Step 1 1 1
cw ccw ccw

Dir

Step Pulse Polarity = LOW
Step Pulse Active Edge = TRAILING

Active High Step Pulse

on Leading Edge
Sep - 1
CwW CCwW CCcw

Dir r

Dir Change Coincides with

Step Pulse Polarity = HIGH Inactive Trailing Edge of
Step Pulse Active Edge = LEADING ~ Preceding Step Pulse

Step

L] J  J

Ccw CCwW CCwW
Dir I

Step Pulse Polarity = LOW
Step Pulse Active Edge = LEADING

5. Step Pulse Active Edge — Indicates whether the leading or trailing edge of
the step pulse triggers the motor driver to move the motor one step. Note:
this feature only works with Lightning chip version M202A and higher.

6. Step Pulse Width — Sets the duration of the step pulse in microseconds.

7. Enable Signal Polarity — Sets the polarity of the enable signal. Choose
High if the motor driver is enabled by a high signal, or Low if the motor
driver isenabled by alow signal.

8. Dynamic Enable Line — Sets the behavior of the enable line. When
checked, the enable line turns on when any axisisin motion, and turns off
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when all axesareidle. Thisbox should generally be unchecked, as only

certain drivers require dynamic enabling.

The recommended motor signal settings for Torchmate Motor Driver Boxes are:

Motor Driver Type Stepper MicroStepper | Servo
Step Pulse Polarity Low High High

Step Pulse Active Edge Trailing Trailing Trailing
Step Pulse Width 15 10 15

Enable Signal Polarity High High Low
Dynamic EnableLine Unchecked Unchecked Unchecked

Machine Tool Settings

> To set the Machine Tool Settings

1. Choose Machine Tool from the Configuration menu. The Machine Tool
panel of the Configuration dialog box will appear.
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2. Step Mode — The number of micro steps between each full motor step.
Note that this is a characteristic of the motor driver. Enter “1” for full-
step, “2" for half-step, “8” for eighth-step, and so on.

3. Motor Resolution — The number of full motor steps for one revolution of
the motor. For example, a 1.8° stepper motor has 200 full steps per
revolution; a0.9° stepper motor has 400 full steps per revolution, and so
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7.

0.

10.

11.

on. Thisnumber is a characteristic of the stepper motor and is
independent of the motor driver or the Step Mode.

Note for Servo use, the product of the Step Mode and the M otor
Resolution should equal the encoder pulses per servo motor revolution.
For example, if you are using a 1000 line quadrature encoder and the
Torchmate Servo Driveis set at a step rate of 8:

The Step Mode x Motor Resolution = 4 x 1000/ 8 = 500.
In this case the Step Mode can be 2 and the Motor Resolution can be 250.

Gear Ratio — Theratio of the number of stepper motor revolutionsto
drive screw revolutions due to any gears or pulleys between them. For
direct drive, enter 1 in this box.

Screw Thread — The number of turns per unit length of the helical drive
screw for each axis, or the turns per circumferential length of apinion
gear.

Lead Screw Example: A single threaded, 0.05" pitch screw would
have 20 turns per inch.

Pinion Gear Example: A 20 tooth pinion with a0.2” tooth pitch
would have 1 turn = 4.000” or 0.25 turns per inch.

For other types of drive mechanisms, enter the number of motor or
pulley turns per unit length traveled by the axis.

T ool Positioning Resolution — The length of axis movement per motor
step), automatically calculated from the Step Mode, Motor Resolution,
Gear Ratio and Screw Thread.

Machine Type — Configures the software for Mill or Lathe mode. Mill
mode may be used for any XY or XY Z table including routers, plasma
cutters, and so on.

X, Y, Z, A Axes— Setsthe axesin use on your machine tool. Check the
appropriate check boxes.

4™ Axis Type — Sets the 4™ axis as either linear or rotary. In Torchmate, a
rotary 4" axisis assigned letter ‘A’, while alinear 4" axisis assigned the
letter “W’. Thismanua will alwaysrefer to the 4" axisasthe ‘A’ axis,
but the ‘W’ aternative is aways assumed.

Lathe Tool — Indicates which side of the lathe the tool is generally located.
Y our choice sets the orientation of the X+ direction, on the Jog Control
Panel and in the Toolpath Viewport Box. Thislets you match the
direction on the screen to the actual direction of movement of the tool
relative to you (for lathes only).

Axis Length — Sets the length of travel of each axis of your machine tool.
Y ou may want to define the axis length slightly smaller than the values
published by the machine tool manufacturer. Thiswill leave some room
for error.
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12. Point Move Linear Interpolate — Determines if the motion for the axis will
be included in the interpolated move for a Point move or G28/G29/G30
command (see “Point Control Panel” in the Main Screen Features section
of this manual).

13. Backlash — Sets the amount of backlash for each axis. See the “ Setting Up
Backlash” section below for more information.

14. Comp — Determines whether or not Torchmate will use backlash
compensation for all direction changes. Leave this check box unchecked
for now. It sdiscussed in the “ Setting Up Backlash” section below.

Homing Settings

» To set the Homing Settings

1. Choose Homing from the Configuration menu. The Homing panel of
the Configuration dialog box will appear.

Huiming
Gensral
Homa Swilch Hiormang Hiarmang
Ozt Aake Toderanoe
Homa End Homs Order  Home fuds [inches] [irmin| [inches]
M oweo x| [z x| [ves =] [01000 |5.00 [
¥ |Hee x| |3 =] e =] [n-r.nn [ﬁr.n [u:ur.nrm
Z |Pos = |1 = [res =] 07000 [5.00 [0 0000
A Meg x| ¢ x| [He =] [2t000  t w000 Swn (D000
Seek Homs Bulion G227 Command
" Hide Aeadts il n Tolkancs 7 Hods Fasulls § i Tolerancs
[ Beeal Machns Seio [Fimssts Machns Zen]
= dhwaps Dicplay Resuls = Alwas Daplay Aecults
Mswrmeam Homing Atiempts: [1

2. Home End — The end of the axis at Machine Zero (Home).

3. Home Order — The axis order for the homing operation. For safety, set
the order so theinitial homing move retracts the cutting tool away
from the workpiece.

4. Home Axis— Determines whether or not an axisisincluded in the
homing operation.

5. Home Switch Offset — The distance each axis backs away from the
home switch after the switch is tripped during homing.
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6. Homing Rate — The feedrate at which the machine tool will move
when locating limit switches (Seek Home button on the Home Control
Panel, and G27 command).

7. Homing Tolerance — The distance allowed from the original Machine
Zero location to the new Machine Zero location found during homing
(used with the Hide Results if in Tolerance radio buttons).

8. Hide Resultsif in Tolerance — Tells Torchmate NOT to display the
results of re-homing, if the discrepancy from the previous Machine
Zero location is within the Homing Tolerance for all axes. There are
separate settings for the Seek Home button (on the Home Control
Panel) and the G27 command.

9. Reset Machine Zero — Tells Torchmate to automatically reset Machine
Zero to the new location found, if the discrepancy from the previous
Machine Zero location is within the Homing Tolerance for al axes.
Note that the reset is automatic for the G27 command.

10. Always Display Results— Tells Torchmate to always display the
results of re-homing, even if the discrepancy from the previous
Machine Zero location is within the Homing Tolerance for al axes.
There are separate settings for the Seek Home button (on the Home
Control Panel) and the G27 command.

11. Maximum Homing Attempts — The maximum number of times the
machine tool will re-home, while trying to get the discrepancy from
the previous Machine Zero location within the Homing Tolerance for
all axes.

Feedrate and Ramping Settings

Every machine tool will vary asto how fast it can move each axis without losing
steps. Losing steps means that even though the stepper motor gets the signal to
move astep, it isn’'t physically able to move the step, and accuracy islost. The
usual causeisinsufficient torque at a given motor RPM. Since most stepper
motors are open loop systems, there is no way of telling when astep islost
without physically measuring the movement of the axis and comparing that to the
amount it should have moved. However, when it is not “over torqued”, a stepper
motor is very reliable and accurate. For that reason, we highly recommend
finding the maximum rates at which steps are not lost, both with and without
ramping, and then limiting the maximum rates for each axis to about 70% of those
values. Due to variationsin the drive mechanism for each axis, make sure you do
the following testsin al directions, and at several positions along each axis.

> To Set the Start/Stop Feedrates

1. Choose Feedrate/Ramping from the Configuration menu. The
Feedrate/Ramping panel of the Configuration dialog box will appear.
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Enter 499 for the X axis Start/Stop Feedrate, and 500 for the Maximum
Feedrate, and then choose OK. (If your software settings do not allow you
to set the Maximum Feedrate at 500, set it to the largest value your
software allows, and set the Maximum Start/Stop feedrate to 1 less than
that.) Note that all settings in these steps assume inch units, if your
machineis set for metric units, you should multiply these settings by 25.

. Choose the Point button in the Control Selection Box. Select Any Point in
the Point list and Incremental from the Coordinate System pull-down
menu. Enter 1.0 (or 25 if in metric mode) in the X text box. Choose
Feedrate from the Rate Mode pull-down menu and enter arelatively slow
feedrate (such as 5) in the Linear Feedrate text box. Make sure you have
room to move the X axis 1 inch, and then choose Move.

. If the motor dlips, repeat this process with a slower feedrate. 1f the motor

doesn’t dip, try afaster feedrate. Note that slight slippage can be detected
by reading the values on the table feed hand-wheel or using adial
indicator.

. Repeat this process until you find the highest feedrate that doesn’t cause
motor slippage.

Now run the entire length of the X axisin both directions to make sure
there is no slippage at any point on the entire axis.

. Choose Feedrate/Ramping from the Configuration menu.

Enter 70% of the value you found in the Start/Stop Feedrate text box for
the X axis, and then choose OK.

Repeat this process for all axes.
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» To Set the Maximum Feedrates

After finding the Start/Stop Feedrates, you' re ready to find the maximum
feedrates achievable with ramping.

1. Choose Feedrate/Ramping from the Configuration menu. The
Feedrate/Ramping panel of the Configuration dialog box will appear.

2. Enter 5000 full steps/sec/sec in the Ramping Rate text box for the X axis.
(Thisisan average ramping rate.)

3. Leavethe Start/Stop Feedrates at the values you found earlier. Leavethe
Maximum Feedrates at the very high number (500 in/min) and choose OK.

4. Choose the Point button on the Control Selection Box. Select Any Point
in the Point list and Incremental from the Coordinate System pull-down
menu. Enter 1.0 (or 25 if in metric mode) in the X text box. Choose
Feedrate from the Rate M ode pull-down menu and enter afeedrate that is
double the Start/Stop Feedrate for the X axis. Make sure you have room
to move the X axis 1 inch, and then choose Move.

5. If the motor dlips, repeat this process with a slower feedrate. 1f the motor
doesn’t dip, try afaster feedrate. Note that slight slippage can be detected
by reading the values on the table feed hand-wheel or using adial
indicator.

6. Repeat this process until you find the highest feedrate that doesn’t cause
motor slippage.

7. Now run the entire length of the X axisin both directions to make sure
there is no slippage at any point on the entire axis.

8. Choose Feedrate/Ramping from the Configuration menu.

9. Enter 70% of the highest no-dlip feedrate you found in the X axis
Maximum Feedrate text box.

10. Repeat this process for all axes.

To Set the Ramping Rate

Ramping Rates typically range from 1000 to 100000 full steps/sec/sec.
Slower ramping rates require more time to ramp up to the maximum feedrate
and to ramp down to astop. This may become a potentially dangerous
situation when using the Feed Hold button or jogging since the machine will
take longer to come to a complete stop. The goal isto choose afast ramping
rate that will start and stop the tool responsively without losing steps. Fast
ramping rates can also allow acceleration past resonant speeds of a stepper
motor.

1. Choose Feedrate/Ramping from the Configuration menu. The
Feedrate/Ramping panel of the Configuration dialog box will appear.

2. Enter 5000 full steps/sec/sec in the Ramping Rate text box for the X axis.
(Thisisan average ramping rate.)
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3. Leavethe Start/Stop Feedrates and Maximum Feedrates at the values you
found earlier and choose OK.

4. Choose the Point button on the Control Selection Box. Select Any Point
in the Point list and Incremental from the Coordinate System pull-down
menu. Enter 1.0 (or 25 if in metric mode) in the X text box. Choose
Rapid from the Rate Mode pull-down menu. Make sure you have room to
move the X axis 1 inch, and then choose Move. If the table doesn’'t reach
a continuous speed before ramping down to a stop, there isn’t enough
room to fully ramp up and down, and you should increase the length of the
move.

5. If the motor dlips, repeat this process with alower Ramping Rate. |If the
motor doesn’t dlip, try ahigher Ramping Rate. Note that slight slippage
can be detected by reading the values on the table feed hand-wheel or
using adial indicator.

6. Repeat the above steps until you determine an optimal Ramping Rate for
the X axis.

7. Choose Feedrate/Ramping from the Configuration menu.

8. Enter 70% of the highest no-dlip ramping rate you found in the X axis
Ramping Rate text box.

9. Repeat thisprocess for all axes.

10. Note that once the optimal ramping rate is determined for each axis, you
may want to re-test the Maximum Feedrates to see if they can be set any
higher.

To Set the Direction Change Delay

The direction change delay is a brief pause that occurs when amotor changes
direction. It gives the stepper motor time to settle and come to a complete rest
before moving in the opposite direction. Note that the direction change delay
is not used when a motor changes direction during circular interpolation or
during a continuous contouring motion.

1. Write a G-Code file that goes back and forth on a given axis at the
Start/Stop Feedrate. For example, if the Start/Stop Feedrate were 8:

G01 X2 F8
X0
X2
X0
2. Set the Direction Change Delay to 0.1 seconds for the given axis.

3. Run the program and notice if the motor loses steps. If so, increase the
Direction Change Delay. Otherwise decrease the value.
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4. Repeat the above process until you reach a reasonable delay time that
eliminates any motor slippage. Note that this number istypically between
0.0 and 0.1 seconds. If you do not see any slippage at adelay of O
seconds, it is recommended you enter at least 0.01 seconds.

5. Repeat the above process for all axes.

> To Set the Continuous Contouring Feedrate Tolerance

Continuous contouring (also called “Look-ahead”) is a high performance
feature that lets Torchmate run G-code files smoother and faster. The
advantages of using continuous contouring are:

e Smooth transitions from one G-code line to the next if the two moves are
in line with one another. Thereis no ramp down period and subsequent
ramp up period. This minimizes witness marks, burning, melting and
other quality problems sometimes encountered in machining. It also
provides smooth, high speed motion for any other control application that
requiresit. A continuous smooth motion may span hundreds or thousands
of G-code lines.

e High speed machining of point-to-point type G-Code files (composed of
many short moves) used in complex 2D profiling and 3D surfacing. These
G-Codes files can be executed much faster with continuous contouring.

To determine if two moves are lined up enough to allow a smooth transition
without ramping, Torchmate cal culates the change in speed of each motor
through the transition, and compares that to the setting for Continuous
Contouring Feedrate Tolerance. If the change in speed for each motor isless
than the tolerance, Torchmate executes the two moves as part of the same
smooth motion. Otherwise, Torchmate ramps down to end one motion and
ramps up to begin another.

Any command that breaks the continuity of motion causes the machine tool to
ramp down to a stop (such as any M code to control an auxiliary device, a
G04 command for dwell, and so on).

A typical default setting for the Continuous Contouring Feedrate Toleranceis
the Start/Stop Feedrate value. The higher you set the tolerance, the smoother
a G-Code file will be executed (i.e., more moves will be linked together into
smooth motions). If the values are set too high, loss of steps (stepper motor
drivers) or servo errors (digital servo drivers) can occur. The best way to find
an optimal setting isthrough trial and error. Incrementally raise the values
and run demanding test files, checking for lost steps or servo errors.

Starting with Torchmate 2.0, continuous contouring is always turned on. If
you prefer that all moves ramp up and down, set the Continuous Contouring
Feedrate Tolerance to zero for al axes.

To set the value:
1. Choose Feedrate/Ramping from the Configuration menu.
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2. For each axis, enter the Start/Stop Feedrate, or a different setting as
described above.

» To Set theJog Rates
1. Choose Feedrate/Ramping from the Configuration menu.

2. Fill inthe Slow, Medium and Fast Linear Jog Rates (and the
corresponding Rotary Jog Rates if your machine tool includes arotary
axis). Choose a Slow Jog Rate that will allow fine positioning of the
machine tool (typically about 2-5 in/min). Choose a Fast Jog Rate that
will move the tool quickly, yet allow you to remain in complete control
without creating a dangerous situation. Note that the machine tool will not
jog any faster than the Maximum Feedrate for each axis.

» To Set the Maximum Arc Feedrate

Due to the computations involved during circular interpolation, an arc cannot
be executed asfast asaline. For thisreason, thereis a user-configurable
limitation for the maximum arc feedrate.

1. Write a G-Code program that movesin acircle at the Maximum Feedrate.
For example, if the Maximum Feedrate were 100:

GO0 X2Y2
G02 X2Y211J1F100

2. Run the program and notice if either of the motors loses steps. If so,
decrease the feedrate in the program.

3. Repeat the above process until neither motor loses any steps. Then enter
the final feedrate from the program into the Maximum Arc Feedrate text
box. If there was no loss of steps when the Maximum Feedrate was used,
enter the Maximum Feedrate into the text box.

> To Set the Point Feedrates—Linear and Rotary

The value entered in the Pt. Feedrate — Linear and Pt. Feedrate — Rotary text
boxes will appear in the Linear Feedrate and Rotary Feedrate text boxes on
the Point Control Panel, whenever you start the Torchmate program. Enter
the feedrates you most commonly use for Point moves. A good starting point
isthe medium jog rate.

These feedrates are also used for positioning the machine after you' ve jumped
to anew G-Code line (see “ G-Code Control Panel” in the Main Screen
Features section of this manual).

Setting Up Backlash Compensation

CNC control works best if there islittle or no backlash on the machine tool.
However, if your machine doesn’'t have a zero-backlash drive mechanism (such as
ball screws or anti-backlash nuts), Torchmate can compensate for the backlash.
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» To Set Backlash

1.

10.

11.

Choose Machine Tool from the Configuration menu. The Machine Tool
panel of the Configuration dialog box will appear.

Make sure the Comp checkbox is unchecked, and then choose OK.
Choose the Jog button on the Control Selection Box.

Drive the X axisin either direction at least 0.25” (to take out any backlash
in that direction).

Zero the relative coordinates by choosing the Zero button next to the
Relative label.

Choose the Step radio button. Jog the axis step by step in the opposite
direction until you detect table movement (using adial indicator).

The Relative coordinate X axis value is the amount of X axis backlash on
your machine tool.

Write down this number and repeat the above process at different places
along the X axis.

Choose Machine Tool from the Configuration menu. The Machine Tool
panel of the Configuration dialog box will appear.

Record the average of all backlash valuesin the X axis Backlash text box.
If you have no backlash on an axis, or if you don’t want backlash
compensation on an axis, enter zero.

Repeat the above steps for each axis. When you' re finished, select the
Comp checkbox and make sure thereisacheck init.

Reference Point Settings

Reference points provide away to move the machine tool to a specific location
defined in machine coordinates. They are accessible using the G28 and G30
commands (described in the “ System Programming” section of this manual).
Also, the G28 position, typically the tool change position, is available on the Point
Control Panel (listed as*Tool Change” in the Point List).

» To set the Reference Points

1.

Choose Reference Points from the Configuration menu. The Reference
Points panel of the Configuration dialog box will appear.
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2. G-Code Cmd — Thisfield identifies the command in a G-Code file that
moves the machine to the point (not editable).

3. Description — Enter a description for the point. For G28, the standard
description is“Tool Change Position”.

4. X.,Y,Z, A Coordinates — Enter the machine coordinate for each axis. For
G28, the standard location is Machine Zero (all axis values set to zero).

Fixture Offset Settings

Fixture offsets provide away to set the Program Zero location from within a G-
Codefile. They are activated using the G54-G59 commands (described in the
“System Programming” section of this manual). The XY ZA coordinates are
defined in machine coordinates. These coordinates represent the offset from
Machine Zero to the new Program Zero location.

» To set theFixture Offsets

1. Choose Fixture Offsets from the Configuration menu. The Fixture Offsets
panel of the Configuration dialog box will appear.

Fisture: Oifspts
', oot ' O ffaed Z Offset Y T -
G-Coste | Descigplion |Fec ez | [imchurs] [degraes]
A 01.0000 (A Wi 00000
= 0,000 00000 0LO000 0,000
=" L1 IMIE] [ELN 1 LI 11 NEED
5 0,000 0000 0O L0000
L] L0000 [ 00000 L0000 =
] 0.0000 00000 0LC000 0,000 =

2. G-Code-Thisfield identifiesthe ‘G’ command in a G-Code file that sets
Program Zero to the offset (not editable).

3. Description — Enter adescription for the offset.
4. X,Y,Z, A Offset — Enter the offset (machine coordinate) for each axis.
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Input Line Settings
Torchmate can read up to 8 input lines wired to switches with various functions:

e Limit/home sensing

e General safety (e.g. adoor switch on a safety enclosure, or a servo error
line)

e Control (e.g. asensor that detects completed motion of an air cylinder or
other device).

Y ou can use each of the 8 input lines however you choose, but all must be wired
the same way, either al normally open or all normally closed.

Please see the Torchmate Hardware Guide for more hardware details, including
the pin layout of the input line connector.

When Torchmate detects atripped limit or safety switch, it immediately stops all
tool movement without ramping. The accuracy of the tool position will most
likely belost at that point.

If alimit switch has been tripped, Torchmate will only allow you to jog away
from the switch that was tripped. Once you move off the limit switch, normal
operation will resume.

If asafety switch istripped, Torchmate will not allow any machine movement
until you clear the switch.

For information on how Torchmate handles control switches, please see “M 100,
M101 Wait for Input Line” in the System Programming section of this manual.
» ToConfigurethelnput Lines

1. Choose Input Lines from the Configuration menu. The Input Lines panel
of the Configuration dialog box will appear.

[nput Lines
Line # Fib:gﬁgn Dezcription "ining =
1 Hnuzed - M.LC.
2 nuzed M.LC.
3 Inuzed M.LC.
4 nuzed M.LC.
] Inuzed M.LC.
G Inuzed M.C.
7 |nuszed M.C. |
8 Unused ML =
Debounce Factar; IB

2. For input line 1, choose the appropriate option from the Switch Function
pull-down menu. For example, if thelineiswired to alimit switch on the
negative end of the X axis, choose X-. If thelineiswired to a general-
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purpose safety switch (including a servo error line), choose Safety and
enter a Description. If the lineiswired to a switch used for control
purposes, choose Control and enter a Description (see“M100/ M101” in
the System Programming section for more details on use of control
switches). If thelineis not used, choose Unused.

3. Choose the appropriate setting from the Wiring pull-down menu.
4. Repeat steps 1-3 for all 8 input lines.

5. Set the Debounce Factor. The higher the number, the longer the debounce
timefor al input lines. The standard setting is 8. If Torchmate isfalsely
reporting your switches as tripped (due to vibration or other causes), try
raising the value.

Output Line Settings

Torchmate can control up to 8 output lines to activate devices such as a spindle or
coolant pump. You can control the output lines with the Auxiliary Control Panel,
or with user-defined M codes. Please see the Torchmate Hardware Guide for
more hardware details including the pin layout of the output line connector.

> To Configurethe Output Lines

1. Choose Output Lines from the Configuration menu. The Output Lines
panel of the Configuration dialog box will appear.

Clutput Lines

Line # | Descriptian -
1 Spindle
2 |Mizt Coolant
3 |Flood Coolant
4
]
B
7 |
3 I

2. Enter aDescription for each output line being used. Torchmate will
display an on/off toggle button on the Auxiliary Control Panel for each
output line with a Description entered.

Custom M-Code Settings

Torchmate let’ s you define custom M-Codes to control output lines or to execute
macros.

For each task outlined below, first choose Custom M-Codes from the
Configuration menu. The Custom M-Codes panel of the Configuration dialog
box will appear.
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Custom M Codes
t-Codes to Control Output Lines [Far Line Columng: "= Tum On ‘0" = Turn OfF ' = Mo Action]
Execute Delay «
i . Lr. | Ln. | Ln.| Ln| L | Lec | L. | Lr Drelay
Code D'escription 1 >l 3l sl 51 5] 7| & Bef. Aéft, [eec] Elef.a".ﬁ.ft.j
b ove SetLn.
3 Spindle On 1 - - - - - - - Before (1,000 | After
) Spindle Off n |- - - - - - - After 0.000 | After
7 Mzt Coolant On - |- 1 - - - - - - Befare 1.000 | After
g Flaod Coaolant On | - - 1 - - - - - Befare 1.000 | After
9 Coolant Off - 0 (0 - - - - - Aifter 0.000 | After
- - - - - - - - Aifter 0.000 | After
Aifter 0.000 | After
After 0.000 | After
& Ftar 0 Ann Aftar ;I
t-Codes to Esecute Macroz — &utomatic Execution of M-Codes ——
b - Execute = i+ Moke
Code Dezcription b acro B;fl.::;.-'-‘:.aft._  Basic
After Start [After Hald]: M I
Aifter
Aifter Feed Haold: M I
Aifter
Aifter  Ful
After ;I Feedrate Mowve: b I
All Other Times: b I
T-Code Macro: I Edit... I = e

» Todefinean M-codeto control output lines

1.

In the M Code text box type the number for the M-code that you want to
define.

In the Description text box type a phrase that describes the action taken
when this M-code is executed.

In the Line 1 — Line 8 pull-down menus, choose the action for each line

upon execution of the M-code. The choicesare 1 for On, O for Off, or ‘-
to indicate the state of the line remains unchanged.

Choose Before or After from the Execute Before/After Move pull-down
menu. If you choose Before and there is a machine tool move command
on the same program line as the M-Code, Torchmate will execute the M-
code before the move. If you chose After, Torchmate will execute the M-
code after the move.

In the Delay text box, enter the duration for the delay that should occur
when the output lines are set. For example, if the spindle motor takes
about 3 seconds to reach full speed, this value should be at least 3.

Choose Before or After from the Delay Before/After Set Line pull-down
menu. This setting tells Torchmate when to execute the delay, relative to
setting the output lines.
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» Todefinean M-Code to execute a macro

1.

In the M Code text box type the number for the M-code that you want to
define.

In the Description text box type a phrase that describes the action taken
when this M-code is executed.

Click in the Macro field to display the down-arrow button. Click the
down-arrow button to display the Edit M-Code Macro dialog. Inthis
dialog, enter any number of G-Code lines. Whenever Torchmate
encounters the M-Code in a G-Code program, these commands will be
executed.

Choose Before or After from the Execute Before/After Move pull-down
menu. If you choose Before and there is a machine tool move command
on the same program line as the M-Code, Torchmate will execute the M-
code before the move. If you chose After, Torchmate will execute the M-
code after the move.

» Todefineamacro for the T-Code command

Click the Edit button to display the Edit T-Code Macro dialog. In thisdiaog,
enter any number of G-Code lines. Whenever Torchmate encountersthe ‘T’
command in a G-Code program, these commands will be executed.

» To specify automatic execution of M-Codes

1.

Choose one of the following radio buttons:
e Basic

This mode is intended for applications where it’s convenient to
automatically turn off spindle, vacuum and other devices whenever
the machine is stopped.

Torchmate automatically executes an M-Code whenever Feed
Hold isclicked. Torchmate executes another M-Code whenever
Start is clicked after a Feed Hold has occurred (but not when
initially starting thefile).

Note that you don’t need to fill in both M-Code fields; for
example, you can specify a Feed Hold M-Code, and leave the Start
(After Hold) field blank.

e Full

This mode is intended for applications where the controller must
turn output lines on during feedrate moves and off during rapid
moves. Applications include plasma cutting, laser cutting, waterjet
cutting and liquid dispensing.
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Torchmate executes the Feedrate Move M-Code before any
feedrate move (GO1, G02, G03), and before restarting a feedrate
move after a Feed Hold.

Torchmate executes the All Other Times M-Code before any rapid
move (G00), whenever Feed Hold is hit during a feedrate move
and at the end of the program if the program ends with a feedrate
move.

2. Enter an M-Code in one or both fields associated with the selected radio
button. The M-Code must be defined in the M-Codes to Control Output
Linestable. It cannot be defined in the M-Codes to Execute Macros table.

G-Code Settings

Torchmate lets you customize handling of some commands.

» To Configure G-Code Processing

1. Choose G-Codes from the Configuration menu. The G-Code panel of the
Configuration dialog box will appear.

[3-Code

— GEeneral

[T lgnore G54 - G5

[+ Meszage On MO0 Frogram Fause

G73/G83 Retract Distance: IEI.EI1 o0 [inchesz)

Helical Interpolation Accuracy: |0.0010 [inchesz)

— 100 4 107

Debounce: II:I.EEEI [zec]
Timneout; I'IEI.EIEIEI [zec]

— F Command Interpretation for Ratary Moves

" Linear Feedrate [DistanceMinute]

£ Offzet, ‘A Awiz of Rotation to Prog. Zerc: |1.0000 [inchez)

{+ Hotary Feedrate [Degrees/Minute}

2. lgnore G54 — Directs Torchmate to ignore the G54 command in a G-Code
program. If you select this option, make certain any G-Code program you
run does not rely on G54 to set Program Zero.

3. Message on MO0 Program Pause — Directs Torchmate to display a
message dialog whenever it encounters an MO0 command in a G-Code
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program. If you uncheck this option, Torchmate will still pause
processing of the G-Code program on MO, but will not display a message
to the operator.

4. G73/G83 Retract Distance — Setsthe ‘D’ distance for canned drilling
cycles. See“G73, G80, G81, G82, G83, G85, G98, G99 Canned Cycles’
in the System Programming section for details.

5. Helical Interpolation Accuracy — Sets the maximum chord error for the
short linear moves that compose a helical move. A lower number results
in more accurate helixes but slower G-Code file loading.

6. M100/M101 Debounce and Timeout — Sets the debounce and timeout
duration for the M 100 and M 101 commands. See “M 100, M101 Wait for
Input Line” in the System Programming section for details.

7. Linear Feedrate (Distance/Minute) — For moves that include rotary
motion, this option directs Torchmate to interpret the feedrate command
(F) asalinear feedrate. To calculate the proper rotary axis speed from a
linear feedrate, Torchmate must know the Z distance from the rotary axis
of rotation to Program Zero. For more details, see the description for the
GO01 command in the “ System Programming” section.

8. Z Offset, ‘A’ Axis of Rotation to Program Zero — The Z distance from the
centerline of the rotary table to Program Zero. If you set Program Zero for
the Z axis at the rotary table axis of rotation, set this value to zero.

9. Rotary Feedrate (Degrees/Minute) — For moves that include rotary motion,
this option directs Torchmate to interpret the feedrate command (F) asa
rotary feedrate in degrees per minute. For more details, see the description
for the GO1 command in the “System Programming” section.

Cutter Compensation Settings
Torchmate has cutter compensation available to offset the tool path by the tool

radius. There are several ways to configure this feature.
» To Configure Cutter Compensation

1. Choose Cutter Compensation from the Configuration menu. The Cutter
Compensation panel of the Configuration dialog box will appear.

Cutter Compenzation

Lookahead Buffer Size: |9393 [roves]
Join Tolerance: (0.0010  [inches]

[+ PBreserve Continuity of Clozed Shapes

[+ Eliminate Moves that Cauze Gouges
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1. Lookahead Buffer Size — Sets the number of moves Torchmate looks
forward when calculating the offset toolpath. The further it looks, the
more potential gauges Torchmate can eliminate. See “ G40, G41, G42
Cutter Compensation” in the System Programming section for more
details.

2. Join Tolerance — Sets the maximum distance between two pointsin order
for those pointsto be considered equal. The tolerance gives the software
some flexibility when looking for intersections and tangent points between
linesand arcs. See*“ G40, G41, G42 Cutter Compensation” in the System
Programming section for more details.

3. Preserve Continuity of Closed Shapes — When checked, Torchmate uses
advanced logic to automatically close the offset tool path when processing
aclosed shape (e.g. asquare). See“ G40, G41, G42 Cutter Compensation”
in the System Programming section for more details.

4. Eliminate Moves that Cause Gouges — When checked, Torchmate uses
advanced logic to prevent gouges, by eliminating the lines and arcs that
cause them. See“ G40, G41, G42 Cutter Compensation” in the System
Programming section for more details.

Viewport Settings
There are 10 different viewports available in Torchmate. Y ou can display as
many asyou like, and set parameters for each one.

» To Configurethe Viewports

1. Choose Viewports from the Configuration menu. The Viewports panel of
the Configuration dialog box will appear.
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Wiewports

Show T ool
Wiew On Scale Diameter

% [Fit Toolpath | Mo =]
[~ |Fit Toalpath » | [Ho ]
v Z [Fit Toolpath =] fna =]
W oxr |FitToopath x| [ves ]
V2  |FitTedpath | No 7]

[~ |Fit Toalpath » | [No =]
vz  |FitToopath =  [No x]
2% |FitTodpath | No 7]
~zr  |FitTedpath x| No 7]

¥ %2 |Fit Toopath v ] [Ho ]

2. View On—Turns on the viewport for display in the Viewport Box.

3. Scale— Setsthe scaling mode for the viewport. Fit Toolpath causes the
toolpath for the current G-Code File to expand as much as possible within
the viewport. Fit Machine causes the machine envelope to expand as
much as possible within the viewport.

4. Show Tool Diameter — If set to Yes, the true diameter of thetool is
displayed for all feedrate moves. If set to No, the tool is represented by a
small circle. It's generally set to No except for XY and Y X views.

Tooling Settings

Each tooling file contains settings for up to 100 tools. Each tool has an associated
tool number, description, diameter and XY Z offset. The diameter is used by the
cutter compensation commands (G41 and G42). The XY Z offset is used by the
tool length/geometry compensation commands (G43 and G44).

» ToSet UptheTool Library

1. Choose Tooling from the Configuration menu. The Tooling panel of the
Configuration dialog box will appear.
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T ooling
ol || ezt Diiameter # Offset " Offset Z DOffset =
[inchesz] [inchesz) [inchesz] [inchesz]

1 1/4" End Mil 0.2500 [0.0000 [0.0000 1.5000
2 1/8" Ball End il 012580 [0.0000 [0.0000 22500
3 0.0000 [0.0000 [0.0000 [0.0000
4 0.0000 [0.0000 [0.0000 0.0000 |
] 0.0000 [0.0000 [0.0000 [0.0000
B 0.0000 [0.0000 [0.0000 [0.0000
7 0.0000 [0.0000 0.0000 0.0000
a 0.0000 [0.0000 [0.0000 [0.0000
] iwEninininl [nlninininl O oo O OoEe

2. Enter thetool description for each tool next to the appropriate tool
number. The program will use this description when referring to the tool.

3. Enter thetool diameter for each tool. Thisfield is not applicable for lathe
applications.

4. Make sure each tool is mounted in its own tool holder. Then enter the
offset from the tip of the tool to the tool holder’slocating feature as
follows:

Milling Applications — The most commonly used offset is Z, for tool
length compensation. To use tool length compensation, each tool holder
must have a feature that locates it relative to the spindle nose. Enter the
axial distance between the tip of the tool and the tool holder’ s locating
feature.

Locating
Surfaceson
Tool Holders

T

Tool #1
Length Tool #2
Offset Length

Offset

Lathe Applications — Offsets are generally required for both X and Z. To
use tool geometry compensation, each tool holder must have a feature that
locates it relative to the tool post. Enter the X and Z distances between the
tip of the tool and the tool holder’ s locating feature.

5. Repeat the above for each tool in your library.



Section 3 Initial Setup 53

File Settings

» Toset theFile Settings

1. Choose Files from the Configuration menu. The Files panel of the
Configuration dialog box will appear.

Filez

G-Code File Estenzion: Ifgu:

[2-Cade Filter: IG-En:u:Ie File Extenzion j
FRecent Filesz List Length: IEEI

2. G-Code File Extension — Sets the file extension used when opening and
saving G-Codefiles. If you normally open files made by the Torchmate
DXF import or files you’ ve written in the Torchmate editor, set thisto
“FGC”. If you normally open files made by another CAM program, enter
its standard G-Code file extension (such as“NC”).

3. G-Code Filter — Sets the filter used when opening G-Code files. Select
“All Files” if you normally open files with avariety of extensions. Select
“G-Code Files’ if you normally use files with the G-Code File Extension
described above.

4. Recent FilesList Length — Sets the number of recently used G-Code files
displayed in the File menu.

M essage Settings

Torchmate lets you turn off some warning messages. Thisis aconvenience
feature intended for experienced Torchmate users only. Don'’t turn off any
warning messages until you' re very familiar with operation of the software and
your machine tool.
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» To Configure Warning M essages

1. Choose Messages from the Configuration menu. The Message panel of
the Configuration dialog box will appear.

Meszages

— ' arnings

[v Feset Program

v Mot Starting at Pragram Zem

<

v Mat Starting on Toolpath

<

v Zem Program Coordinates
¥ Zem Belative Coordinates
v Zem Machine Coordinates
[v Clear Machine Coordinates

v Turmn On Output Line

2. Reset Program — Directs Torchmate to display a warning message
whenever you choose Reset on the G-Code Control Panel.

3. Not Starting at Zero — Directs Torchmate to display a warning message
whenever you choose Start on the G-Code Control Panel, and the program
coordinates have not been zeroed (at start of file only).

4. Not Starting on Toolpath — Directs Torchmate to display awarning
message whenever you choose Start on the G-Code Control Panel, and the
machine tool is not on the tool path.

5. Zero Program Coordinates, Zero Machine Coordinates, Zero Relative
Coordinates — Directs Torchmate to display a warning message whenever
you choose the Zero button for the associated coordinate system.

6. Clear Machine Coordinates — Directs Torchmate to display awarning
message whenever you choose Clear (on the DRO Box).

7. Turn On Output Line — Directs Torchmate to display a warning message
whenever you turn on an output line using the Auxiliary Control Panel.

Setting Machine Zero

Torchmate lets you set Machine Zero two ways. Homing to limit switches or
using the Zero button. Either method establishes the machine tool envelope,
which provides these benefits:

1. The software will aways ramp down the machine tool to a complete stop at
the defined limits of the machine tool envelope.
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2. The software checks each G-Code file before running to make sure the
tool path fits completely within the machine tool envelope.

It’s better to home to limit switches since it provides these added benefits:

1. It'smuch more convenient, since Torchmate can find Machine Zero
automatically.

2. You can establish Machine Zero at the same repeatabl e location anytime you
like (within the repeatability tolerance of the switch). A repeatable Machine
Zero lets you restart unfinished jobs, and reliably position the tool relative to
work-holding fixtures.

3. You can use the homing process to check for accuracy of the machine tool’s
position.

> To Set Machine Zero by Homing to Limit Switches

1.

Make sure you’ ve correctly entered the homing-related setup parameters
described in the “Machine Tool Settings’, “Homing Settings’ and “Input
Line Settings” sections above.

Choose the Home button on the Control Selection Box.

Choose the Seek Home button. One axis at atime, Torchmate drives the
axis until it finds and backs off the switch. To stop the process, choose the
Feed Hold button, or hit any key on the keyboard besides Ctrl or Shift.

If Machine Zero was already set before homing, Torchmate displays a
dialog showing the discrepancy between the previous Machine Zero and
the new Machine Zero just found. Choose Yesif you want to use the new
Machine Zero just found, or No if you want to keep the existing Machine
Zexo.

If you chose Y es, Torchmate zeros the machine coordinates and displays
the Machine Tool Envelope in the Toolpath Viewport Box.

» To Set Machine Zero Using the Zero Button

1.

2.
3.

Make sure you’ ve correctly entered the homing-related setup parameters
described in the “Machine Tool Settings” and “Homing Settings’ section
above.

Choose the Jog button on the Control Selection Box.

Jog the tool to the home end of each axis (as defined on the Homing panel
of the Configuration dialog box). Move each axis to within a short
distance of its physical limit.

If thisisthe first time you’ re setting Machine Zero on your machine, it
might be helpful to scratch areference line or attach a vernier scale to two
adjacent moving parts on each axis. Thiswill help you find the same
home position again in the future.
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5. Choose the Zero button next to the Machine label in the DRO Box. When
the confirmation dialog appears, choose Y es (see “ Message Settings”
above for details on suppressing thisdialog if desired).

6. If Machine Zero was already set, Torchmate displays a dialog showing the
discrepancy between the previous Machine Zero and the new Machine
Zero just set. Choose Yesif you want to use the new Machine Zero just
set, or No if you want to keep the existing Machine Zero.

7. 1f you chose Y es, Torchmate zeros the machine coordinates and displays
the machine tool envelope in the Toolpath Viewport Box.
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Section 4.

System Programming

Torchmate supports a subset of ANS| standard G-Code to control machine tool
movement. This section describes how to create and open G-Code files, and the
G-Codes supported.

There are three ways you can open or create G-Code files:

e Open an existing G-Code file created by a CAM program, Torchmate
or any other source.

e Import aDXF file created by a CAD or drawing program.
e Write a G-Code program directly in the Torchmate editor.

Opening a G-Code Program

> Toopen an existing program

1.

Choose Open G-Code from the File menu. The Open G-Code File dialog
box appears.

Navigate to the G-Code file you wish to open.

Double-click the file name, or click on the file name and choose OK.

Importing a DXF File

Torchmate provides avery useful 2D DXF import feature. The DXF import
automatically arranges all lines and arcs that have common endpoints into
features. The entire toolpath is then optimized to reduce total machining time for
the part. The DXF import assumes the part surfaceis at a Z program height of
0.0. All geometry isto be treated as either holes or cutter paths with no offsets.

» Toimport a DXF file

1.

Choose Import DXF from the File menu. The Open dialog box appears.

2. Navigate to the DXF file you wish to import.
3.
4. The Save Asdialog box appears, asking you the name of the new G-Code

Double-click the file name, or click on the file name and choose OK.

file created by the DXF import. By default, it will use the DXF file name
with an “FGC” extension in the same drive and folder in which the DXF
fileresides. If thisis acceptable, choose OK. Otherwise, you can rename
the file and/or choose an aternate folder.
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5. The Import panel of the Configuration dialog box will appear.

Tl
Genesal TEiaien
Siaa |'I [N = D;.I]Tﬂ-]:cu:b.ih A1 Fasdiala 1000 | rrmn]
Decamsk: |'.- B Lirse Hurnbeds Plursgs Fasdiala |00 [wwrrmn]
Jon Tol: (00000 [rches]
Circles
Z iz Coondingtes f= il All Cacles
T Up IW i | ™ [l Circles in Diameter Fangs:
(000 ke |00 fnches)
Iretmmintal Dapth of Cust |I'1IIH e
Firal Tl Dowsiry (Mg (-0 1000 e | Addbional G-Coade

Final Tool Diosn (Holss| |-0.1000 [rches] Edi | Fie Slad |

Program Zerc Location
% of Import Fle: 24 [0.0000 finches] Faature: Start |Befors Pagid] I_

- |0.0000 finche] Fratuas 5 Lail |t Fapid] |_
% Lower Left of Tookath Fealuse End |_

6. Fill inthevaluesfor each of the following fields:

7. Scale— A multiplication factor for the toolpath in the XY plane only. For
example, if you enter 2, the tool path generated will be double the size of
the original geometry defined in the DXF file. Note that the values you
enter for positioning the Z axis are unaffected by the scale factor.

8. Decimals— The number of decimal placesto usefor all coordinates. A
higher number can help eliminate extra backlash compensation moves
caused by rounding error.

9. Join Tolerance — If two drawing entities, such astwo lines, are touching
end to end, Torchmate treats them as a single feature to machine without
lifting the tool. Due to rounding or drawing error, two entities that are
meant to be joined may not actually touch end to end. The DXF import
will automatically join any entities whose endpoints are less than the Join
Tolerance apart.

10. Optimize Toolpath — When checked, Torchmate optimizes the tool path for
shortest overall cutting time. When unchecked, Torchmate cuts part
featuresin the order they appear in the DXF file. This gives you more
control over the order in which part features are cut. (A featureisa
contiguous set of lines, arcs and polylines, or a standalone circle).

11. Line Numbers — Check this box if you want the DXF import to number all
of the G-Code linesin the program it creates.

12. Tool Up — The Z program coordinate to which the tool will move before
rapid moves between two features.
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13.

14.

15.

16.

17.
18.
19.

20.

21.

Incremental Depth of Cut — The incremental depth for each milling pass.
For exampleif the final tool down is-0.2500" and the incremental depth
of cut is0.0625” then four passes would be cut on each feature to get to
the final depth of cut. (-0.0625, -0.1250, -0.1875, -0.2500). If the final
tool down is-0.3000" and the incremental depth of cut is 0.0625” then
five passes would be cut on each feature to get to the final depth of cut (-
0.0625, -0.1250, -0.1875, -0.2500, -0.3000).

Final Tool Down (Milling) — The final depth (program coordinates) to
which the tool will cut each feature.

Final Tool Down (Holes) — The final depth (program coordinates) to
which the tool will cut each hole.

Program Zero L ocation — Determines where Torchmate will place
Program Zero relative to the coordinate system of the import file. There
are two options:

e X, Y of Import File—You specify the X and Y location in the DXF
file's coordinate system that Torchmate will place at Program Zero in
the G-Codefile.

e Lower Left of Toolpath — Torchmate sets Program Zero at the lower
left corner of the imaginary box that envelopes all geometry contained
inthe DXFfile.

XY Feedrate — The feedrate for cutting movesin the XY plane.
Plunge Feedrate — The feedrate for all downward Z axis moves.

Mill All Circles— Tells Torchmate to move the tool along the perimeter of
each circle.

Drill Circlesin Diameter Range — Defines a range of diametersfor circles
that will be drilled (at the center point) instead of milled along the
perimeter.

Additional G-Code — Y ou can specify additional lines of G-Code to be
inserted into the file. Y ou can insert G-Code at the start and end of the
file, and the start and end of each feature. The following examples
demonstrate typical usesfor Additional G-Code.

Example: Spindle On/Off
File Start: MO3 (spindle on)
File End: MO5 (spindle off)

Example: Use Cutter Compensation
File Start: M06 T1 (select tool 1)
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Feature Start (Before Rapid): G41 D1 (cutter compensation on,
tool will be offset to left of programmed toolpath) Note that you
will need to switch G41 to G42 in the resulting G-Codefile
wherever necessary, since Torchmate cannot automatically
determine which way to offset the tool.

Feature End: G40 (cutter compensation off)

To enter additional G-Code, click Edit to display the Additional G-Code
dialog box. Enter any number of G-Code lines in the appropriate text

boxes, and choose OK .
22. Choose OK.

23. Torchmate generates the G-Codefile, displaysit in the Program Listing
Box, and displays the toolpath in the Toolpath Viewport Box.

Using the Program Editor

Torchmate provides afull-featured editor for creating or modifying G-Code files.
If you prefer, you can also use your own editor such as WordPad (which comes
with Windows) or Microsoft Word. If you use adifferent editor, make sure you
save thefile as ‘text only’ and add an “FGC” extension to the file name.

> Toopen theeditor

1. Choose Editor from the File menu, or double-click the Program Listing
Box. The editor dialog box will appear.

¥ Editor - Untitled1.fgc -0l x|
File Edit Help
1 e
2
3
4
5
&
-
&
9
10
11 Ll
Update Toolpath Close

2. Typeor edit your program in the scrolling text box. Refer to the“G and
M Code Reference” section below to learn more about using G-Code.

The remainder of this section describes each menu command and button available

in the editor.
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FileMenu
¥ Editor - Untitled1.fgc
| File Edit Help
Mew G-Code. . krl+H
Open G-Code. .. el m ]
Save G-Code k|45

Save G-Code As. .,

Close

I il |
New G-Code — Opens a new, empty file.

Open G-Code — Opens an existing G-Code file, checks the file for errors, draws
the toolpath in the Toolpath Viewport Box, and displays the program in the
Program Listing Box.

Save G-Code — Saves the G-Codefile.
Save G-Code As — Saves the G-Code file under a new name.

Close — Closes the editor.

Edit Menu
¥ Editor - Untitled1.fgc
Fil= | Edit Help
[rd Zkrl+2
Zuk kel
oy Zhel+E
Paste kel
Clear Del
Select Al Chel+A
Find. .. Ckrl+F
Fimd | Fexk F3
Replace... Ckrl+H
G0 To.., Ckrl+G
v Line Mumbers
] |

Undo — Retracts the last edit you made.
Cut — Moves the currently selected text to the Windows clipboard.
Copy — Copies the currently selected text to the Windows clipboard.

Paste — Inserts the text on the Windows clipboard into the editor, at the current
cursor location.

Clear — Deletes the currently selected text.
Select All — Selects all the text in the editor.
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Find — Opens the Find dialog box, which lets you search for text.
Find Next — Finds the next occurrence of the search text.

Replace — Opens the Replace dialog box, which lets you search for text and
replace it with new text.

Go To — Opens the Go To dialog box, which lets you jump to any line in thefile.

Line Numbers — Turns editor line numbering on and off. Notethat thisis
different than the “N” numbers found in some G-Code Files.

Help Menu

The help menu isidentical to the help menu on the main screen. For more details,
see “Pull-Down Menu Bar” in the Main Screen Features section of this manual.

Buttons

Update Tool path — Redraws the tool path to reflect all changes you' ve made to the
G-Codefile.

Close — Closes the editor.
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G Codes Supported

GO0
G01
G02
GO03
G04
G17
G18
G19
G20
G21
G27
G28
G29
G30
G40
G41
G42
G43
G44
G49
G52
G54-59
G70
G71
G73
G80
G81
G82
G83
G85
G90
Go1
G92
G98
G99

Rapid Tool Positioning

Linear Interpolated Feedrate Move
Clockwise Circular Feedrate Move

Counter Clockwise Circular Feedrate Move
Dwell

XY Plane Selection

XZ Plane Selection

Y Z Plane Selection

Inch Units (same as G70)

Metric Units (same as G71)

Hometo Limit Switches

Move to Reference Point 1

Return from Reference Point

Move to Reference Points 2-20

Cancel Cutter Compensation

Cutter Compensation (L eft)

Cutter Compensation (Right)

Tool Length/Geometry Compensation (Plus)
Tool Length/Geometry Compensation (Minus)
Cancel Tool Length/Geometry Compensation
Use Local Coordinate System

Set Program Zero (Fixture Offsets)

Inch Units (same as G20)

Metric Units (same as G21)

High Speed Peck Drilling Cycle

Cancel Canned Cycle

Drilling Cycle

Counterboring Cycle

Peck Drilling Cycle

Reaming Cycle

Absolute Positioning Mode

Incremental Positioning Mode

Set Program Zero (XY ZA Parameters)
Return to Initial Level (Canned Cycles)
Return to Rapid Level (Canned Cycles)
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M Codes Supported
MO0 Program Pause

MO02 End of Program

MXX  Custom Programmable (See “ Custom M-Codes’ in the Software Setup
section of thismanual). Typical functions are:

MO3
MO5
MO6
MO7
MO8
M09
M50
M51

Spindle On
Spindle Off

Tool Change
Mist Coolant On
Flood Coolant On
Coolant Off
Plasma On
Plasma Off

M30 End of Program (Reset)

M98  Subroutine Call

M99 Return From Subroutine

M100 Wait for Input Line (Normal State)
M101  Wait for Input Line (Tripped State)

Other Commands Supported

F Feedrate
T Select Tool
O Comment

Key Programming Concepts

There are two basic programming concepts you should understand before learning
the G and M codes — Mode and Absolute vs. Incremental.

Mode

Most G-code commands supported by Torchmate are modal, meaning they put
the system into a particular mode of operation and don’t need to be repeated on
every program line. A modal command stays in effect until another command
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changes the mode. Related modal commands that affect one aspect of program
execution are called a mode group.

The following list shows the mode groups supported by Torchmate.

Movement
GO0 Rapid Tool Positioning

G01 Linear Interpolated Feedrate Move
G02 Clockwise Circular Feedrate Move
GO03 Counter Clockwise Circular Feedrate Move

Circular Interpolation
G17 XY Plane Selection

G18 XZ Plane Selection
G19 Y Z Plane Selection

Units
G20 Inch Units (also G70)

G21 Metric Units (also G71)

Cutter Compensation
G40 Cancel Cutter Compensation

G41 Cutter Compensation (L eft)

G42 Cutter Compensation (Right)

Tool Length/Geometry Compensation

G43 Tool Length/Geometry Compensation (Plus)
G44 Tool Length/Geometry Compensation (Minus)
G49 Cancel Tool Length/Geometry Compensation
Set Program Zero

G54-59 Set Program Zero (Fixture Offsets)

G92 Set Program Zero (XY ZA Parameters)
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Canned Cycles
G73 High Speed Peck Drilling Cycle

G80 Cancel Canned Cycle
G81 Drilling Cycle

G82 Counterboring Cycle
G83 Peck Drilling Cycle
G85 Reaming Cycle

Canned Cycle Return
Go8 Return to Initial Level

G99 Return to Rapid Level

Positioning
G90 Absolute Positioning Mode
Go1 Incremental Positioning Mode

I ndependent Modal Commands
G52 Use Local Coordinate System

F Feedrate

Absolute vs. | ncremental

All moves are either absolute or incremental. 1n an absolute move, the ending
point is defined relative to Program Zero. In an incremental move, the ending
point is defined relative to the current tool location. The G90/G91 commands tell
the system which of these two modes to use (described below).

While there will be cases where incremental programming is useful, generally you
should define your moves as absolute since it is aless error prone method of
progranming. All of the examplesin the following section use absolute
positioning unless otherwise noted.

G and M Code Reference

GO0 Rapid Tool Positioning

The GO0 command moves the tool to the designated coordinate at the rapid rate
using 3-axis linear interpolation. The rapid rate is calculated from the Maximum
Feedrates defined in the Feedrate/Ramping panel of the Configuration dialog box.

Example:

G00 X1.0Y20215 Moves the tool to program coordinates
X=1.0, Y=2.0, Z=1.5 at the rapid rate
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When using GO0, there are several things to keep in mind:

While Torchmate supports machine tools with up to four axes, you
may specify at most three coordinates for a GOO move. If you need to
move all four axes, use two GOO commands.

Y ou do not need to specify three coordinates, only the ones for which
you want movement.

Example:

G00 X4.0Y3.0 Moves the tool to program
coordinates X=4.0, Y=3.0, leaving
the Z position unchanged

Thisisamodal command, meaning that all successive moveswill be
treated as rapid moves until another modal move command (G01, G0O2
or GO3) occurs.

Example:
G00 X1.0Y2.0215 Rapid Move
X4.0Y6.5Z1.0 Rapid Move
G01X3.0Y3.0214 Feedrate Move
X2.8Y1.4270 Feedrate Move

The interpretation of the coordinates depends on the G90/G91
command in effect.

GOl Linear Interpolated Feedrate Move

The GO1 command moves the tool to the designated Program coordinate at the
specified feedrate using 3-axis linear interpolation.

Example:

G01X2.0Y1.0Z-1.5F20 Movesthetool to program coordinates

X=2.0, Y=1.0, Z=-1.5 at afeedrate of 2.0
in/min

When using G01, there are severa things to keep in mind:

While Torchmate supports machine tools with up to four axes, you
may specify at most three coordinates for a GO1 move.

Y ou do not need to specify three coordinates, only the ones for which
you want movement.

Example:

G01 X4.0Y3.0F2.0 Moves the tool to program
coordinates X=4.0, Y=3.0, leaving
the Z position unchanged
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Thisisamoda command, meaning that all successive moveswill be
treated as linear feedrate moves until another modal move command
(G00, G02 or G0O3) occurs.

The interpretation of the coordinates depends on the G90/G91
command in effect.

The F command is used to designate afeedrate. The feedrate set with
the F command is modal (staysin effect until another F command
OCCUrs).

Example:

G01X4.0Y3.0Z1.0F7.0 Movesthetool to program
coordinates X=4.0, Y=3.0, Z=1.0 at
afeedrate of 7.0 in/min

X20Y25 Moves the tool to program
coordinates X=2.0 Y=2.5, leaving
the Z axis unchanged at Z=1.0 (the
feedrate remains 7.0 in/min)

For any move that includes the A (rotary) axis, there are two ways
Torchmate can interpret the current F setting, depending on your
setting in the G-Code panel of the Configuration dialog box.

Linear Feedrate (Distance/Minute) — This option directs Torchmate to
interpret the feedrate command (F) as alinear feedrate. The speed of
the tool tip relative to its point of contact on the rotating workpiece
will be at the specified F value. In this mode, you can useasingle F
command to cover pure linear and rotary-included moves.

Rotary Feedrate (Degrees/Minute) — This option directs Torchmate to
interpret the feedrate command (F) as arotary feedrate. The A axis
controlsthe timing. The F parameter isinterpreted as degrees/minute.

Example:
GO01 X1 A90 F360

The A axisturns 90 degrees while the X axismoves 1 inch. The A
axisturns at exactly 360 degreesyminute. The timing for the X axisis
based on the A axis motion and is not explicitly listed in the G-code
file.

Note that if you choose the rotary feedrate interpretation, the F
feedrate in useis aways interpreted as degrees/minute for any move
that contains motion on the A axis. For all other moves, it'sinterpreted
as inches/minute (or mm/min). Therefore, you must be very careful to
reset F every time you switch between pure linear and rotary-included
MoVes.
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GO02 Clockwise Circular Feedrate Move

The G02 command moves the tool in a clockwise path from the starting point (the
current tool position) to the designated ending point in the currently selected plane
(see G17-G19). Thel , J, and K parameters represent therelative X, Y, and Z
distances (respectively) from the starting point of the arc to the center point of the
arc.

Example:
GO1X1Y1F3 Moves the tool to program coordinates X=1,
Y=1 at afeedrate of 3in/min
G02X3Y3I11J1 Moves the tool using clockwise circular

interpolation to program coordinates X=3,
Y=3 with acenter point of X=2, Y=2at a
feedrate of 3 in/min

/ 3,3End

»Y 2,2 Center

1,1 Start

Y ou can a'so use the GO2 command to specify a helical move (helical
interpolation). During a helical move, the circular motion described aboveis
combined with linear motion that’ s perpendicular to the plane containing the arc.
For example, circular motion in the XY plane is combined with linear motion
along the Z axisto form a helix.

To specify helical motion, add an X, Y or Z parameter to the command, to
indicate the ending point of the linear motion. In the following example, aZ
parameter has been added to the GO2 command for an arc in the XY plane.
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Example:
GO1X1Y1Z1F3 Moves the tool to program coordinates X=1,
Y=1, Z=1 at afeedrate of 3in/min
G02X3Y3z2I1121 Moves the tool using clockwise circular

interpolation to program coordinates X=3,

Y =3 with acenter point of X=2, Y=2, while
simultaneously moving the tool in a straight
line along the Z axisto Z=2

The accuracy of the helical move, relative to atheoretically perfect helix, is
controlled by the Helical Interpolation Accuracy setting on the G-Code panel of
the Configuration dialog box (see“ G-Code Settings’ in the Initial Setup section).

When using G02, there are several things to keep in mind:

Thisisamodal command, meaning that all successive moveswill be
treated as clockwise circular feedrate moves until another modal move
command (GO0, GO1 or GO3) occurs.

The interpretation of the X, Y and Z coordinates depends on the
G90/G91 command in effect. Thel, Jand K values are unaffected by
G90/GIl.

Thetool will move at the current feedrate set by the last F command.

Only XY arcs can be cut when G17 is active, only XZ arcs can be cut
when G18 is active and only Y Z arcs can be cut when G19 is active.
Arcs cannot be specified for the A or W axes.

The clockwise direction of rotation is as viewed from the positive end
of the unused axis (the axis not in the plane of motion). For example,
aG02 arc move in the XY planeis clockwise as viewed from the
positive end of the Z axis (i.e. from above). The following diagram
illustrates this behavior:

+Y

G02 Clockwise G02 Clockwise G02 Clockwise

+ZA +ZA

[N

| < >
+X +X +Y

GO03 Counter Clockwise Circular Feedrate Move

The GO3 command isidentical to the G02 command, but it moves thetool in a
counter clockwise arc instead of a clockwise arc.
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Example:

G01 X2.0Y1.0F8.0

G03 X0.0Y3.01-1.0J1.0

Moves the tool to program coordinates
X=2.0, Y=1.0 at afeedrate of 8.0 in/min

Moves the tool using counter clockwise
circular interpolation to the program
coordinates X=0.0, Y=3.0 with a center
point of X=1.0, Y=2.0 at afeedrate of 8.0
in/min

1,2 Center

2,1 Start

GO04 Dwell

The G04 command causes the program to dwell for a specified amount of time.

The command format is:;
G04 Xn

where n is the number of secondsto wait. For safety reasons there is a maximum
time allowed for each dwell command.

Example:
G04 X1.5

Program pauses for 1.5 seconds before
moving on to the next line of G-Code
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G17, G18, G19 Arc Plane Selection
These commands specify the plane used for circular interpolation as follows:

G1l7 XY plane
G18 XZplane
G19 YZplane

When using G17-G19, there are several thingsto keep in mind:

e Unlessyou explicitly use the G18 or G19 command, Torchmate
assumes G17 as the default.

e Thethree commands are modal, i.e. one command remainsin effect
until another in the set is used.

G20, G21 Inch Unitsand Metric Units

The G20 command indicates that all G-Code commands are in inch units.
Torchmate then assumes all distances are in inches and all feedratesarein
inches/minute. For compatibility reasons, Torchmate accepts G70 as equivalent
to G20.

The G21 command indicates that all G-Code commands are in metric units.
Torchmate then assumes all distances are in millimeters and all feedrates arein
millimeters/minute. For compatibility reasons, Torchmate accepts G71 as
equivalent to G21.

Y ou will only need these commands when the units used in the G-Code file don’t
match the System Units setting on the System Options panel of the Configuration
dialog box. If you don’t use either command, Torchmate assumes all program
values are consistent with the configuration setting.

G27 Hometo Limit Switches

The G27 command homes the machine tool to its limit switches, in asimilar
manner as the Seek Home button on the Home Control Panel. The purpose of this
command isto allow checking for positioning errors, and to allow re-zeroing to
the limit switches. Thisis especialy useful when running large G-Code files.

The command lets you home the machine at any point in the file, and optionally
have Torchmate display the homing discrepancy dialog if the positioning error is
not within the desired tolerance (which pauses execution of the file).

Note that Machine Zero must be set before you run a G-Code file that uses this
command.

For more details, see “Home Control Panel” in the Main Screen Features section,
and “Homing Settings” in the Initial Setup section.
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G28, G30 Moveto Reference Point

The G28 and G30 commands move the tool at the rapid rate to the associated
reference point defined in the Reference Points panel of the Configuration dialog
box. These positions are defined in machine coordinates, so Machine Zero must
be set for this command to be used. Note that G28 typically is used for moving to
the tool change position and/or Machine Zero (reference point 1).

The sequence of axis motions follows a general-purpose scheme that’ s described
under “Point Control Panel” in the Main Screen Features section of this manual.

If you want the G28/G30 command to move only some of the axes on your
machine tool, you can limit the movement to those axes by adding the parameters
“X0","Y0",“Z0” or “AQ" after the command. Then, Torchmate moves only the
indicated axes to the reference point coordinates. A typical useisto raise only the
Z axis for amanual tool change (*G28 Z0").

Example (milling application):

Reference point 1 is defined as machine coordinate X=1, Y=1, Z=-1. Reference
point 2 is defined as machine coordinate X=2, Y=2, Z=-2.

G01 X1.5Y252Z-3F10 Linear move to the program coordinates
X=15,Y=25,27=-3

G28 Z0 Rapid move in the Z axis only to machine
coordinate Z=-1

G01 X1.5Y252Z-3F10 Linear move to the program coordinates
X=15,Y=25,27=-3

G28 Rapid move in the Z axis to machine
coordinate Z=-1 followed by arapid move
in the XY plane to machine coordinates
X=1,Y=1

G01 X1.5Y252Z-3F10 Linear move to the program coordinates
X=15,Y=25,27=-3

G28X0Y0Z0 Rapid move in the Z axis to machine
coordinate Z=-1 followed by arapid move
in the XY plane to machine coordinates
X=1, Y=1 (identical to the G28 command
with no parameters specified)

G30 P2 Rapid move in the XY plane to machine
coordinates X=2, Y=2 followed by arapid
move in the Z axis to machine coordinate
7=-2
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G29 Return from Reference Point

The G29 command moves the tool to the designated XY ZA program coordinate at
the rapid rate.

The sequence of axis motions follows a general-purpose scheme that’ s described
under “Point Control Panel” in the Main Screen Features section of this manual.

Example:

Reference point 1 is defined as machine coordinate X=1, Y=1, Z=-1.

G01 X1.5Y252Z-3F10 Linear move to the program coordinates
X=15,Y=25,7=-3

G28 Rapid move in the Z axis to machine
coordinate Z=-1 followed by arapid move
in the XY plane to machine coordinates
X=1,Y=1

G29X2Y3Z-2 Rapid move in the XY plane to program
coordinates X=2, Y =3 followed by arapid
move in the Z axisto program coordinate
Z=-2

When using G29, there are severa things to keep in mind:

Y ou do not need to specify coordinates for all machine tool axes, only the
ones for which you want movement.

Example:

G29X4.0Y3.0 Moves the tool to program
coordinates X=4.0, Y=3.0, leaving
the Z position unchanged

The interpretation of the coordinates depends on the G90/G91 command in
effect.

G40, G41, G42 Cutter Compensation

Cutter compensation allows Torchmate to automatically adjust the toolpath to
account for the radius of the cutting device (tool, torch, or other device). This
provides the following benefits:

Y ou can write your G-Code program to reflect the dimensions of the part,
rather than calculating where the centerline of the tool will move.

Y ou can easily compensate for tool wear, when the exact diameter of the tool
is not known when the G-Code file is created.

Y ou can precisely control the final dimensions of a part, by artificially
changing the tool diameter to reposition the tool path.
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The commands are defined as:
G41 Compensate to the left of the programmed path
G42 Compensate to the right of the programmed path
G40 Cancel cutter compensation

The format for the G41/42 command is
G41 Dn (or G42 Dn)

where n isthe tool number for the current tool. Torchmate offsets the toolpath by
half the diameter you’ ve entered for the tool (i.e. the radius) in the Tooling panel
of the Configuration dialog box.

Prior to the first G41/42 command, you should indicate the current tool using the
MO06 command (eg. M06 T1 to select tool 1). If you leave this out, Torchmate
will warn you that the tool number in the G41/42 command does not match the
current tool (but the file will still run).

The G40 command requires no parameters.

You'll activate cutter compensation just before cutting a feature (profile, pocket,
etc.) then cancel cutter compensation immediately upon completing the feature.
The typical sequence of commandsis—

1. Select tool with MO6 command (eg. M06 T1)

2. Move Z axis up to safe height above workpiece
3. Activate cutter compensation using G41 or G42
4

. Move X and Y axes together (GOO or GO1) to a point on the feature
(called the *approach’ move)

o

Move Z axis down into the workpiece

6. Do any number of XY moves (lines and arcs) to cut the feature, al at
the same Z axis depth

7. Move Z axis up to safe height above workpiece
8. Cancel cutter compensation using G40
9. Repeat steps 3-8 for all features

Be sureto follow these steps for each distinct feature of the part. Cutter
compensation should be turned off whenever the machine is not actually cutting a
feature (e.g. when returning to machine zero or the tool change position).

Note that cutter compensation is available only in milling mode (Machine Type
drop-down menu on the Machine Tool panel of the Configuration dialog box).

For information on customizing cutter compensation, please see “ Cutter
Compensation Setup” in the Initial Setup section of this manual.

The following example demonstrates use of cutter compensation.
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Example:

This G-Code file cuts on the inside of two 1-inch squares.

F10.00

MO6 T1

G00Z 0.25
G41D1

GO0 X 1.00 Y 1.00
G01 Z-0.10

G01 X 2.00Y 1.00
G01X 2.00Y 2.00
G01X 1.00Y 2.00
G01X 1.00Y 1.00
G00Z 0.25

G40

G41D1

GO0 X 3.00Y 1.00
GO01 Z-0.10

G01X 4.00Y 1.00
G01X 4.00Y 2.00
G01X 3.00Y 2.00
G01 X 3.00Y 1.00
GO0 Z 0.25

G40

GO0 X 0.00 Y 0.00

G52 Local Coordinate System

Set feedrate

Select tool 1

Raise Z to safe height
Activate cutter comp left
Approach move

Plunge into workpiece
Cut first side of square

Cut last side of square
Raise Z to safe height
Cancel cutter compensation
Activate cutter comp left
Approach move

Plunge into workpiece

Cut first side of square

Cut last side of square
Raise Z to safe height

Turn off cutter compensation
Return to program zero

The G52 command activates alocal coordinate system that Torchmate usesin
place of your original program coordinates for all absolute positioning moves.
The X, Y, Z and A parameters indicate the offset from your Program Zero
location to the origin for the local coordinate system.

For example, "G52 X1 Y2 Z-4" would activate alocal coordinate system whose
originisat adistance of 1, 2, -4 from the original Program Zero.

All absolute moves are made relative to the new local coordinate system. To
cancel use of the local coordinate system in the middle of a G-code file, use the
command “G52 X0 Y0 Z0 A0” (using only the letters for axes used on your
machine).



Section 4 System Programming 77

When Torchmate reads a G52 command, it displays a magenta dot in the Toolpath
Viewport Box showing the origin of the local coordinate system.

Note that the local coordinate system only applies to the G-code file being
executed. The G52 command has no effect the Program Zero location.
Torchmate automatically cancels the local coordinate system when it completes
execution of a G-codefile.

If you reposition Program Zero using the G54-59 or G92 commands, the G52
command remainsin effect, with local coordinate system now offset from the new
Program Zero location.

Example:

G01X1.0Y3.0Z-1.5F12 Movesthetool to program coordinates
X=1.0,Y=3.0,Z=-15

G52 X3Y-720 Activates alocal coordinate system with
originat X=3, Y=-7, Z=0relative to
Program Zero (the machine tool does not
move)

G01 X1.0Y10.0Z22.0 Moves the tool to the point X=1.0, Y=10.0,
Z=2.0 relative to the local coordinate system
as defined by the G52 command above

G52 X0Y0Z0 Cancels use of the local coordinate system.
All absolute moves are again relative to
Program Zero as you set it before running
the program

G54-59, G92 Set Program Zero Commands
The G54-59 and G92 commands reset the Program Zero location.

The G54-59 commands set Program Zero to a predefined offset away from
Machine Zero. They are particularly useful when using a workpiece fixture; the
offset from Machine Zero to the fixture can be set once, then used over and over.
These commands use the offsets defined in the Fixture Offsets panel of the
Configuration dialog box.

Example:
If the offset for G54 is set to

X=1
Y=2
Z=-3
A=90

in the Fixture Offsets panel, the G54 command would place Program Zero at
machine coordinate X=1, Y=2, Z=-3, A=90. Theresultisthe sameasif you
moved the machine tool to machine coordinate X=1, Y=2, Z=-3, A=90, then
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clicked the Zero button for program coordinates. The G54-59 commands require
Machine Zero to be set.

The G92 command is similar to the G54-59 commands, except the new program
coordinates for the current location are specified in the command itself. The
command syntax is:

G92 Xx Yy Zz Aa
where‘x’,'y’, 'z and ‘a are the new current program coordinates.
Example:

G992 X1Y22Z-3A90

sets the current program coordinates to X=1, Y=2, Z=-3, A=90. The new offset
from Machine Zero to Program Zero is not specified, so its value depends on
wher e the machine happens to be positioned. For this reason, the 54-59
commands are generally preferred to the G92 command, since they use a more
reliable method for setting the Program Zero location.

For the G54-59 and G92 commands, the Program Zero that’ s established remains
in effect after the G-Code file has finished execution. The function of these
commandsisidentical to that of the Program Coordinates Zero and Set buttons on
the main screen.

MO06 Tool Changeand T Select Tool Commands

To indicate tool changesin the G-Code file, use the M06 and T commands as
follows:

MO6 Tn
where n is the tool number in the Tooling panel of the Configuration dialog box.
Example:

MO6 T3 Pauses program, displays dialog informing
operator to change to tool number 3

The T command can be used on any line prior to the M06 command; it does not
need to be on the same line as M06.

Torchmate can optionally execute macros for the M06 and T commands. The
macros are a sequence of G-Code lines that replace the standard functionality of
the commands. You’'ll enter these macros in the Custom M-Codes panel of the
Configuration dialog box (see “ Custom M-Code Settings’ in the Initial Setup
section for more details.) When you enter the M06 command in the M-Codes to
Execute Macros table, the M06 command no longer displays the standard tool-
change message to the operator, since the M06 functionality is completely
replaced by the macro (which can be empty, display an MO0 message, or activate
an automatic tool-change spindle).
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The M06 command does not move the machine tool to the tool change position.
Thisis done using the G28 command described above. It's good practice to place
the G28 command (and the M 05 spindle off command) on the lines directly
preceding the M06 command.

G43, G44, G49 Tool Length/Geometry Compensation Commands

Tool length/geometry compensation lets Torchmate account for differencesin
tool lengths and geometry when the G-Code fileis executed. Thisletsyou create
a G-Code program without knowing the exact geometry of the tools that will be
used to cut the part.

In milling mode, compensation is generally used to account for differencesin tool
lengthsin the Z direction. Generally, X and Y offsets are not used. However, to
accommodate a milling-style machine with multiple spindles, the offset between
spindles can be handled using the X and Y components of the tool offset.

In lathe mode, compensation is generally used to account for differencesin tool
tip positions, in both X and Z directions.

THESE COMMANDS ARE NOT FOR THE NOVICE CNC USER. WHEN
NOT PROPERLY USED, TOOL LENGTH AND GEOMETRY
COMPENSATION CAN CRASH THE MACHINE TOOL, CAUSING
SERIOUS DAMAGE TO YOUR WORKPIECE OR MACHINE TOOL.

When applying tool length and geometry compensation, Torchmate uses the
offsets defined in the Tooling panel of the Configuration dialog box. See
“Tooling Settings’ in the Initial Setup section for more information on defining
your tool offsets.

For tool length and geometry compensation to work properly, Torchmate must
know what tool isin use at al times. Therefore, you must indicate every tool
change with an M06 command in the G-Code file. Similarly, whenever you
change atool between running G-Code files, you should select it in the Current
Tool pull-down menu. The Compensation Mode pull-down menu is set to
Positive (G43) by default.

Technically, the M06 command indicating your starting tool is optional, but we

recommend you include it so the fileis self-contained and |ess prone to operator
error. However, if you choose not to include an M06 command for your starting
tool, you must make certain you choose your starting tool from the Current Tool
pull-down menu on the main screen, before running the file.

Once the M06 command has set the current tool, the G43 command applies the
proper offset to account for the current tool’ s length or geometry as follows:

G43 Hn
where n is the tool number for the current tool.

Milling Mode (Tool Length Compensation) — The G43 command tells Torchmate
to shift all subsequent Z axis moves away from the workpiece (in the positive Z
direction) by an amount equal to the Z offset for tool ‘n’.
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Lathe Mode (Tool Geometry Compensation)- The G43 command tells Torchmate
to shift al subsequent moves away from the workpiece (in the positive X and Z
directions) by an amount equal to the X and Z offset for tool ‘n’.

If tool length/geometry compensation is aready in effect for a previous tool, the
resulting shift away from the workpiece equals the difference between offsets for
tool ‘n’ and the previous tool.

Milling Mode Example:

G43 H3 Shifts all subsequent Z axis moves away
from the workpiece (in the positive Z
direction) by the Z offset for Tool #3

Lathe Mode Example:

G43 H3 Shifts all subsequent X and Z axis moves
away from the workpiece (in the positive X
and Z directions) by the X and Z offset for
Tool #3

The G44 command is identical to the G43 command, except that it shifts all
moves in the direction opposite from G43. Unless you are an experienced CNC
programmer and know how to use G44 correctly, G43 is the preferred command.

The G49 command cancels tool length/geometry compensation.

When using tool length compensation there are several important things to keep in
mind:

e You must predefine al tools and associated offsets in the Tooling
panel of the Configuration dialog box.

e |t'sgood practice to include an M06 tool change and a G43
compensation command for the first tool used, near the beginning of
the G-Code program.

e Torchmate does not cancel tool offset when it finishes processing a G-
Codefile. TOAVOID CRASHES, IT ISVERY IMPORTANT
THAT YOU UPDATE THE CURENT TOOL DROP-DOWN MENU,
WHENEVER YOU MANUALLY CHANGE A TOOL.

e The G43, G44 and G49 commands are modal, so the current tool offset
remains active until Torchmate executes another one of these three
commands, or you set the Compensation Mode pull-down menu.

e |t'sgood practice to use the G43 command in the line directly
following the M06 command.

The following exampleillustrates proper use of the tool change and tool length
compensation commands.
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Milling Mode Example:

There are two basic methods for setting Program Zero, and both will be covered
in this example.

o Use G54-G59 to apply afixture offset (* Fixture Offset Method”). This
method requires Machine Zero and the correct fixture offset to be set.

e Touch thetip of the tool to the top of the workpiece and click the Program
Coordinates Zero button on the main screen (“Tool Touch-Off Method”).
This method doesn’t require Machine Zero or afixture offset to be set.

In this example, the tool change position (reference point 1 on the Reference
Points panel of the Configuration dialog box) is defined as machine coordinates
X=0, Y=0, Z=0 (Machine Zero). Tool #1 isloaded in the machine tool, and
selected in the Current Tool pull-down menu on the main screen. The
Compensation Mode pull-down menu is set to Positive (G43). Machine Zero has
been set. The machinetool isat Machine Zero. The tooling configuration is
shown below.

Toaling
Teel i || Beserpien Diiameter # Offset ' Offset Z Offset =
[inchesz] [inchesz] [inchez] [inchesz]

1 174" End Mill 02500 [0.0000 0.0000 1.5000
2 1/8" Ball End Mill 01250 0.0000 0.0000 22800
3 0.0000 0.0000 0.0000 0.0000
4 0.0000 0.0000 0.0000 0.0000 (-
4] 0.0000 0.0000 0.0000 0.0000
G 0.0000 0.0000 00000 0.0000
7 [0.0000 [0.0000 0.0000 [0.0000
a [0.0000 [0.0000 0.0000 [0.0000
[n] O aonn imEnininin inEnininin O aonn

Program Zero is set asfollows:
Tool Touch-Off Method:

Program zero is set at machine coordinate X=1, Y=1, Z =-4, with the tip of
Tool #1 touching the top surface of the workpiece.

Fixture Offset Method:

Program zero is temporarily set at Machine Zero. The fixture offset for
G54 issetto X=1, Y=1, Z=-5.5, A=0 in the Fixture Offsets panel of the
Configuration dialog box. The fixture offset is the machine coordinate
when the spindle nose touches the top surface of the workpiece. When the
G54 command in the G-Code file is executed, Program Zero will be set at
its associated offset value.
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The G-Codefileisasfollows:

G54 Sets Program Zero (Fixture Offset Method
Only). Program coordinates change to X=-
1,Y=-12=4

G28 The machineis aready at the tool change
position so nothing happens

MO5 Turns off the spindle

MO06 T1 Changes the tool to Tool #1, which is
already |oaded

G43H1 Appliestool length compensation for Tool

#1. Since Tool #1 was already loaded, and
Compensation Mode was set to Positive
(G43) when the program started, this
command doesn’'t do anything. Program
coordinates and machine coordinates remain

unchanged
MO03 Turns on the spindle
G29X0Y0Z2.25 Movesthe X and Y axes across, then the Z

axis down to program coordinates X=0,
Y =0, Z=0.25, machine coordinates X=1,
Y=1,27=-3.75

G012z-1.0F10 Moves the Z axis down to program
coordinates X=0, Y=0, Z=-1, machine
coordinates X=1, Y=1, Z=-5

G01 X3Y3Z-1F20 Linear interpolation to program coordinates
X=3, Y=3, Z=-1, machine coordinates X=4,
Y=4,7=-5

G28 Movesthe Z axisup, thenthe X and Y axes

across to the tool change position, program
coordinates X=-1, Y=-1, Z=4, machine
coordinates X=0, Y=0, Z=0

MO5 Turns off the spindle
MO6 T2 Changes the tool to Tool #2
G43 H2 Appliestool length compensation for Tool

#2. The Z program coordinate shifts by -
0.750 (1.500 — 2.250). The program
coordinates are now X=-1, Y=-1, Z=3.25.
The machine coordinates remain unchanged
at X=0, Y=0, Z=0

MO3 Turns on the spindle
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G29 X0Y0Z0.25

G01Z-1.0F10

GO01 X3Y3Z-1F20

G28

MO5

Movesthe X and Y axes across, then the Z
axis down to program coordinates X=0,

Y =0, Z=0.25, machine coordinates X=1,
Y=1,27=-30

Moves the Z axis down to program
coordinates X=0, Y=0, Z=-1, machine
coordinates X=1, Y=1, Z=-4.25

Linear interpolation to program coordinates
X=3, Y=3, Z=-1, machine coordinates X=4,
Y=4,Z2=-4.25

Movesthe Z axisup, thenthe X and Y axes
across to the tool change position, program
coordinates X=-1, Y=-1, Z=3.25, machine
coordinates X=0, Y=0, Z=0

Turns off the spindle

G73, G80, G81, G82, G83, G85, G98, G99 Canned Cycle Commands

Canned cycles simplify programming by letting you specify standard machining
operations with a single command. Torchmate currently supports the following

canned cycle commands:

G73 High Speed Peck Drilling Cycle
G80 Cancel Canned Cycle

G81 Dirilling Cycl

e

G82 Counterboring Cycle
G83  Peck Drilling Cycle
G85 Reaming Cycle

The following diagrams illustrate the sequence of moves for the five drilling
cycles. Therest of this section refers to these diagrams.
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Initial Point &~ — —be Hole Start Point
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Move Move

G81 Drilling Cycle/ G82 Counterboring Cycle
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|
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G99
(G Key
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I
I
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|
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G85 Reaming Cycle
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The general command syntax is as follows:
Gn Xx Yy Rr Zz Qq Pp Ff LI

where the parameters are

n: Canned cycle number (73, 81 or 83)

x: X coordinate of Hole Start Point (G90 mode) or distance for rapid move from
Initial Point to Hole Start Point (G91 mode)

y: Y coordinate of Hole Start Point (G90 mode) or distance for rapid move from
Initial Point to Hole Start Point (G91 mode)

r: Z coordinate of R Level (G90 mode) or distance for rapid move from Hole
Start Point to R Level (G91 mode)

z: Z coordinate of Z Level (G90 mode) or distance from R Level to Z Level
(G91 mode)

g: Depth of cut for each downward cutting move (G73/G83 only)

p: Dwell timeat Z level, in milliseconds (G82 only)

f: Feedrate for each downward cutting move (and retract move for G85 only)
[: Number of timesto repeat the canned cycle (G91 mode only)
Therequired parametersare R, Z, F (plus Q for G73/G83, and P for G82).

The G98 and G99 commands affect the final Z axis rapid move, upward out of the
completed hole (rightmost move in each diagram), as follows:

G98: Z axismovesup to the Initial Level
G99: Z axismovesuptotheR Level

G98 and G99 compose a mode group, with G98 being the default if neither is
specified in the G-Codefile. You can include either command on the sameline as
the canned cycle command (before or after the canned cycle command and all
parameters).

The D distanceis specified in the G73/G83 Retract Distance field in the G-Code
panel of the Configuration dialog box.

Example (assumes D is0.050 in.):
G938 Optional

G00 X0.0Y0.021.0 Moves the tool to the Initial Point, program
coordinate X=0.0, Y=0.0, Z=1.0 (not
required, for illustration only)
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G83X1.0Y2.0R0.1Z-1.0Q0.5F8.0

First moves the tool to the Hole Start Point,
program coordinates X=1.0, Y=2.0, Z=1.0.
Then peck drillsa1.0” deep hole (rapid
down to 0.1, feedrate down to -0.4, rapid up
to 0.1, rapid down to -0.350, feedrate down
to -0.9, rapid up to 0.1, rapid down to
-0.850, feedrate down to -1.0, rapid up to
1.0)

When using the canned cycle commands, there are several things to keep in mind:
e (73, G80, G81, G82, G83 and G85 compose a mode group.

e (80 cancels the active canned cycle command. The GO0, G01, GO2
and GO3 commands also cancel the active canned cycle command.

e Whileacanned cycle command is active, the command and its R, Z,
Q, P, F, and L parameters do not need to be repeated on every G-Code
line. However, the X and/or Y positioning parameters must be
included, and must start the G-code line for the line to be interpreted as
a canned cycle command.

Example (drills 3 holesin arow along the X axis using the G81 cycle):
G81 X1.0Y20R0.25Z-0.5F5
X2.0
X3.0

e When you switch to anew command in the mode group, you must
include al parameters required for the command.

e Thefeedrate set by the F parameter for any canned cycle command
remains as the current feedrate for subsequent G01, GO2 or GO3
moves, unless you explicitly set F to another value for the next move.

G90 Absolute Positioning M ode

The G90 command puts the system into absolute positioning mode. All XY ZA
coordinates are treated as points relative to Program Zero (or alocal coordinate
system set by the G52 command). This command stays in effect until a G91
command occurs.

Note that absolute positioning is the default positioning mode for Torchmate. Itis
not necessary to include this command in your G-codefileif all your moves are
absolute.
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G91 Incremental Positioning Mode

The G91 command puts the system into incremental positioning mode. All
XY ZA coordinates are treated as incremental move distances. This command
staysin effect until a G90 command occurs.

Example:

G01X1.0Y3.0Z-1.5F12 Movesthetool to program coordinates
X=1.0, Y=3.0, Z=-1.5 (G90 is assumed)

Go1 All XY ZA coordinates after this command
will be interpreted as incremental distances.
G01X1.0Y2.0Z-05 Moves the tool adistance of X=1.0, Y=2.0,

Z=-0.5 from the current tool location (this
corresponds to the program coordinates
X=2.0, Y=5.0Z=-2.0)

G02 X1.0Y-1.010530.5 Movesthetool using counter-clockwise
circular interpolation to the program
coordinates X=3.0, Y=4.0, Z=-2.0 with a
center point at program coordinates X=2.5,

Y=4.5, Z=-2.0.
G90 All XY ZA coordinates after this command
will be interpreted as program coordinates
G01 X1.0Y2.02z-05 Moves the tool to program coordinates

X=1.0,Y=2.0,2=-05

M OO Program Pause

The MO0 command pauses processing of the G-Code program. By defaullt,
Torchmate displays adialog box to inform you that it has paused processing. You
can control whether or not this dialog box appears using the Message on M0O
Program Pause checkbox in the G-Code panel of the Configuration dialog box.

If you want to display a specific message to the operator, you can add the message
in quotes after the MQO:

MOO “[message]”
Example:

MO0 “Place a new blank in the fixture”

M 30 End of Program

The M30 command ends processing of the G-Code program and automatically
resets the program to thefirst line.
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M98, M99, M 02 Subroutine Commands

Subroutines allow you to eliminate repetitive programming. Torchmate supports
the use of subroutines with the M98, M99, and M02 (or M30) commands. Use of
these commands is best explained through a simple example. The following G-
code program uses one subroutine called "mysub":

Example:
G01 X1Y1F10 First line of main program
M98 Pmysub Jump to subroutine “ mysub”
G01X0YO Continued execution after “mysub” ends
M02 End of main program
Omysub First line of the subroutine called “mysub”
G01X2Y2 Continued execution within the subroutine
M99 End of subroutine “mysub”

In the main program, the M98 command causes program execution to jump to the
first line of the subroutine named "mysub”. Notice that the letter "P" must
immediately precede the name of the subroutine with no spaces.

The subroutine definition begins with the letter "O" followed immediately by the
subroutine name with no spaces. The subroutine must end with the M99
command as shown. M99 causes program execution to jump back to the main
program, continuing with the line immediately following the M98 line (GO1 X0
Y0 above).

When subroutines are used, the main program must end with M02 or M 30, the
"End of Program" commands. Subroutine names may use any number of alpha-
numeric characters. You can "nest" subroutines as much as you like, meaning one
subroutine may call another subroutine, which in turn may call another
subroutine, and so on.

To call the same subroutine multiple times, include the L parameter as shown
below.

Example:

M98 Pmysub L10 Execute subroutine “mysub” 10 times

This feature provides a simple means to repetitively loop through any block of G-
Code. Just place the G-Code in a subroutine, then call the subroutine with the L
parameter set to the number of loops required.

It’s sometimes convenient to place subroutinesin files separate from the main G-
Codefile. Thesefilesarecalled included files, and you may use as many as you
like. You must list each included file at the top of the main G-Code file using the
following syntax:

#{file path and name]
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Once afile has been included in the main G-Code file, Torchmate treats the
included file' s subroutines the same as if they were listed at the bottom of the
main G-Codefile. If you leave out the path, Torchmate will look for thefilein
the same folder as the main G-Codefile.

Example:
Main G-Code File (Engraves“A B”)
#C\GCODE\ALPHABET.FGC
G00 X0 YO
M98 PmakeA
GO0 X1YO
M98 PmakeB
M02

ALPHABET.FGC File

OmakeA

Go1

[Incremental G-Code to cut the letter “A”]
G90

M99

OmakeB

Go1

[Incremental G-Code to cut the letter “B”]
G90

M99

Notice that the syntax for calling the included subroutines is the same as for
calling subroutines listed in the main G-Code file.

Y ou may create as many subroutines as you like in the main G-Code file and all
included files, but each must have a unique name.

Torchmate' s support for included files lets you create a library of reusable
subroutines that you can apply to various projects and jobs.
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M 100, M 101 Wait for Input Line

The M100 and M 101 commands wait for an input line to reach a desired state as
follows:

M100 Wait for normal state
M101 Wait for tripped state

The Wiring setting in the Input Lines panel of the Configuration dialog box
affects the behavior of these commands as follows:

Wirina Settin M 100 Waits For M 101 Waits For
9 9 Input Linetobe... | Input Lineto be...

Normally Closed Closed Open

Normally Open Open Closed

The command syntax is as follows:
M 100 Ix
M101 Ix

where X is the number of the input line to monitor.

Examples:
M10012 System waits for input line 2 to reach the
normal state
M101 17 System waits for input line 7 to become
tripped

Y ou must define the specified input line as “ Control” in the Switch Function pull-
down menu, in the Input Lines panel of the Configuration dialog box (see “Input
Line Settings’ in the Initial Setup section for more details).

Torchmate uses debounce for these commands. For a switch to successfully reach
adesired state, it must hold that state continuously for the debounce duration.

Y ou can set the M100/M 101 Debounce time in the G-Code panel of the
Configuration dialog box.

The M100 and M 101 commands time out once the maximum allowable time has
passed and the input line has not reached the desired state. When the commands
time out, Torchmate halts processing of the G-Code program and displays a
message to the operator. Y ou can set the M100/M 101 Timeout duration in the G-
Code panel of the Configuration dialog box.

A typical use for these commands is detecting completed motion of an auxiliary
device, such as an indexer or air cylinder.
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MO03, M05, M06, M0O7, M08, M09, M50, M51, M XX Auxiliary Device Control

Using the Custom M-Codes panel of the Configuration dialog box you can define
up to 50 M codes to turn on or off various devices using the output lines. You can
also define M Codesto digitally control external devices (using a group of output
lines as digital input into the control lines of the device). See “Output Lines
Settings’ in the Initial Setup section for details on how to set up the M codes.

Typical M codesinclude:
MO3 Spindle On

MO5 Spindle Off

MO0O6 Tool Change
MO7 Mist Coolant On
MO8 Flood Coolant On
M09 Coolant Off

M50 PlasmaOn

M51 Plasma Off

F Feedrate Command

The F command specifies the feedrate. The feedrate set with the F command is
modal (staysin effect until another F command occurs).

For al linear moves, specify the feedrate in inches/minute for English units and
millimeters/minute for Metric units.

Example:

G01 X4.0Y3.0Z1.0F7.0 Movesthetool to program coordinates

X=4.0, Y=3.0, Z=1.0 at afeedrate of 7.0
in/min

For any move that includes the A (rotary) axis, specify the feedrate either as a

linear feedrate (Iength/minute) or rotary feedrate (degrees/minute), depending on

your setting in the G-Codes panel of the Configuration dialog box. Please seethe

detailed explanation of rotary feedrates under “GO01 Linear Interpolated Feedrate

Move’ above.

Program Comments

Y ou can add comments to your program by enclosing them in parentheses.
Torchmate ignores anything enclosed in parentheses as shown below.
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Example:
(Move to beginning of the next feature)
GO0 X1.0 Y 3.0 (Ready to move Z axis down)
G00z-1.5
(Begin next feature)
G01Z-1.6F8
G01X3.0Y75
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Section 5. Tutorial

Starting Torchmate

To start Torchmate, click on the Start button, select Programs, select Torchmate 2,

then select the Torchmate 2 icon.

A dialog will appear asking you if you want to start with the Signal Generator
Online. Choose the No, Start Offline button. If you' re running the Demo version,
choose Continue.

TORCHMATE

Waezion 2.0

A

sieufd Torchmate estakliisha
connection 1o the Signa! Generator now?

Yes. Gtart Onling ]

Mo, Star Cffline
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Configuring Torchmate

1.

2.

Choose New Setup from the File menu.

| Fle Configuration Cortraler View Cos
Mew G-Code,..  Chrl+H
[ree

Cpen =Code...  Chil+O
Closa G-Code K\"‘*

Meve Sedup. ..
Open Sekup, ..
Save Sabup
Sate Sabup As.,.

fzve Toaling. ..

Open Toaling. ..
Sawe Tooling —
Sawe Tooling As...

Editor. ., Chrl+E
Impork DEF ... Chrl+I
Exit

I [ il —

In the next dialog, select the preconfigured setup file that best matches your
machine.

If a preconfigured setup file is not available for your machine, select
TORCHMATE.STP. If you're using the Demo version of the software, you
can use the default parametersin TORCHMATE.STP. If you're using the live
version of the software and running your machine tool, you'll need to
configure the setup file for your machine. Refer to the Initial Setup section of
this manual.

Choose All Coordinates from the View menu to make sure all four coordinate
systems are displayed.

Choose Viewports from the Configuration menu. Set the View On
checkboxes so only the following viewports are displayed: Z, XY, and XY Z.
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Loading a G-Code File

1. Choose Open G-Code from the File menu.

‘FIB Configuration  Cortrolies  View 5
Mew G-Code. .. Chrl+H K

Chrl+0

Open G-Code. ..

Cosa G-Code

flevs Setup, ..
Cpen Setup, .,
Save Setup
Sawe Sabup fs..,

fave Toolng. ..
pen Toaling....
seve Toclng
Sawe Tooling As...

Editox. ., Chr+E

Impork DXF. .. Chrl+I

Exit
i I

| .
2. Double-click onthefile TUTOR.FGC.
Torchmate will load TUTOR.FGC and the screen should now look like this;

gy __________________________ K

e Confggaion Sondwlsy  Bee  Coordpater  Bp

'z L z .____-"-i Program _S5¢ | 0| Machine _|1|.
L L AT ¥ 0.0000 (X MSA
e o ¥ 0,00aR |Y  HSA
o, " -4 0L o000 |2 HSR
. A 0,0000 | HSR
o Feelative =2 | 0] DistTo Go
x 0, 0000 X Q.00300
T O 000D | ¥ O .0000
- = 0,000 |2 Q.0300
L A o, 0000 |A 4 .0000
1 Taat |I.rr-e- =
" ; ot Xf 00 v| a0 T R
B Comp |Panive 00T =] coar: [ mpom
a 2 X | MHEne
Tweorlal £ilz| af | Gaoade | g | Pom | Hoe | s ||
L1 X4.d TOLO duiipTa Lina | Fash I Frogram Fesdmiec [ 0

B0 X4.0 TL.0 [3.0 0.5
0 32,40
EED W00 Voo

Notice how the G-Code listing appeared in the Program Listing Box and ared

5 ko [|1l:l:| =|mowede | arp

Beas [ ©Eep O Contl o

outline of the toolpath appeared in the Toolpath Viewport Box.
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Viewing the Tool Path

Before examining the tool path display |et’s zero the machine coordinates. To do
this, choose the Zero (0) button to the right of the Machine label in the DRO Box.
Choose Y es in the confirmation dialog that follows.

The machine coordinates, previously shown as N/A, will now be zeroed and a
light blue box will outline the tool envelope in the Tool path Viewport Box.
Because All Fit Toolpath is checked in the View menu, you’'ll only see a portion
of the tool envelope boundary, as shown below.

N 1 =1

icwﬂw;mm'ﬂncuﬂum:

4 L.
14 b

.\-H .

T

Pragram == | =] Machine ces| o]

X 0.0000 |X 0.0000
Y 0.0300 (¥ 0. 00d0
z 0.0000 |Z 0. 0000
A 0.0000 |A 0.6000
Ralative 2« | #| Digt Ta Ga
- 0.0000 |X 0.0000
Y 0.0000 |¥ 0. 0000
Z 0.Q0300 (2 0. 0od0
A 0.0000 |A 0.0000
Teat [Hone =

ot o[ ooion [ omim Z[ ooioo

0l
e
G

ale]

3
= L
|5

F

comp: [Fasitee ieaz =] Ciwm [ 0000

] il
Gilade | dem | Paim || Home || Asx |
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To see the entire machine tool envelope, choose All Fit Machine from the View
menu. The screen will then appear like this:
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Choose All Fit Toolpath from the View menu again, to see the largest possible

image of the tool path.

Now let’s get familiar with the Toolpath Viewport Box. Here are some important

features:

Red Lines — Represent the tool path for the G-Code program.
Green Dot — Represents Program Zero, the origin of any G-Code program.
Light Blue Dot — Represents Machine Zero, also called Home.

Y ellow Dot (not shown here) — Represents the current XY position of the
machine tool during the cutting operation.

Dark Blue Lines (not shown here) — Represent the portion of the tool path

already cut.

Dotted Lines — Represent arapid move.

Solid Lines — Represent afeedrate move.

Blue Tool Icon — Represents the current Z axis position relative to the

workpiece (bottom of icon) and relative to the machine (near top of icon).

Light Blue Lines — Represent the borders of the machine tool envelope.

Animating the G-Code File

Now we're ready to animate and verify the toolpath on the screen.

1. On the Controller menu, make sure Simulate when Offline is checked.
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. Choose the Zero (0) button next to the Program label, and then choose OK in

the confirmation dialog box that follows. Torchmate sets all four program
coordinatesto 0. This simulates the tool being in the correct position before
the G-Code program begins.

. Choose the G-Code button in the Control Selection Box to make sure the G-

Code Control Panel is displayed.

. Select the Step radio button so Torchmate will execute the G-Code program

onelineat atime.

. Choose the Start button and watch the blue tool move down the Z axis

viewport. Notice that Torchmate has highlighted the next line in the Program
Listing Box, indicating it has fully executed thefirst line.

. Choose the Start button again. Notice the yellow dot, which represents the

current position of the tool, and the solid blue line, which represents the
cutting move just executed.

. Select the Continuous radio button, and then choose the Start button again.

The yellow dot moves along the tool path to completion, leaving a blue trace
behind.

Editing a G-Code File
Now let’s get familiar with using the Torchmate editor.

1. Choose Editor from the File menu. The editor dialog box will appear.

_ioix]

Fil=  Edit

[Tutorial file)

01 Z-2.Z5 F5.0

=01 X4.0 ¥O.0

=03 X4.0 ¥1.0 I0O.0 JO.5
00 Zo.0

00 X0.0 ¥O.0

H O wm o -1 o n e W

=

Lipdate Toolpath Close

2. First, let’ sreduce the cutting depth from 2.25” to 0.25”. With your mouse or

your arrow keys, move the cursor to the first line of G-Code that reads. GO1
Z-2.25F5.0. Changeittoread: GOl Z-0.25 F5.0. Then choose Update
Toolpath at the bottom of the editor dialog box. Notice how thered linein the
Z viewport, which shows the total length of Z travel, shrinks down to 0.25”
long.
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3. Now, let’s change the diameter of the arc we're cutting. Move the cursor to
the line of G-Code that reads. G03 X4.0 Y1.010.0J0.5. Change it to read:
G03 X4.0Y2.010.0J1.0.

4. To saveyour changes:
e Choose Save G-Code As from the editor’s File menu.
e Type“TUTOR2.FGC” in the File name box.
e Choose OK.

5. Toclosethe editor, choose Close.

Going Online

Now you're ready to have Torchmate establish communications with the Signal
Generator. Thiswill put Torchmate into Online mode. Note that when the Signal
Generator isonline, all moves will be performed by the machine tool. If you're
running the Demo version of Torchmate or do not have the meansto go online at
thistime, ignore this section and continue with “Using the Jog Controls’ below.

1. Make surethat Signal Generator is securely connected via serial cable to the
correct serial port, as described in the Initial Setup section of this manual.

2. Turn on the Signal Generator.

3. Choose Online from the Controller menu.

Fie Configuration | Corproller View Coordinates H

Cnline
® Offine

W Simulate Whan Offline

F

0

Irpuk Line Stahus. .,

¥ ™~ I

4. After ashort wait, Torchmate will display the Safety First message. Please
read the message carefully. If you agree with the safety guidelines, click
Agree.

Using the Jog Controls

The jog controls let you manually position the tool anywhere within the machine
tool envelope.

1. Choose the Jog button in the Control Selection Box. Torchmate displays the
Jog Control Pandl.

2. Select the Slow and Contin (Continuous) radio buttons. The machine tool will
move continuously at the Slow Jog Rate defined in the Feedrate/Ramping
panel of the Configuration dialog box.
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10.
11.

12.

Check the machine tool to make sure there' s enough room to move the tool in
the Z+ direction. If there is enough room, click down, hold and then release
the Z+ Axis Jog button. Notice how the tool moved up and the Z program and
relative coordinates changed. Also notice how the machine moved until you
released the button. If the tool went down instead of up, change the Motor
Direction for the Z axisin the Motor Signals panel of the Configuration dialog
box. Note that when machine coordinates are being used, Torchmate will not
let you move beyond the machine tool envelope. Also note that you can jog
the machine using the keyboard. The controls are mapped as follows:

X+  Citrl + Right Arrow Key
X- Ctrl + Left Arrow Key
Y+  Ctrl + Up Arrow Key
Y- Ctrl + Down Arrow Key
Z+ Ctrl + Page Up Key

Z- Ctrl + Page Down Key
A+  Ctrl + Plus (+) Key

A- Ctrl + Minus (-) Key

Try jogging in al directions on all axes, making sure you have enough room
in the direction of travel before you choose each Axis Jog button.

Now select the Fast radio button and repeat the same exercise. The tool will
move at the Fast Jog Rate defined in the Feedrate/Ramping panel of the
Configuration dialog box.

Position the tool so thereisat least 1” of room in the positive Z direction.

Now let’s set the current position as program coordinates X=0, Y=0, Z=1.
First, choose the Set button next to the Program label in the DRO Box. Then
choose the Zero X and Zero Y buttons. Finally, enter 1.0000 in the Z text
box. Choose OK to exit the dialog.

Now let’s use the Axis Jog buttons to move the tool up exactly 1.0000”. It's
convenient to use three jog modes to do this: Fast Continuous, Slow
Continuous and Slow Step.

Whilethejog rateis still set to Fast, move the tool up until the Z axis program
coordinateiscloseto 2.

Now change the jog rate to Slow and do the same to get even closer to 2".

Finally, change the jog mode to Step. Torchmate will move the tool exactly
one step each time you choose one of the Axis Jog buttons. Repeatedly
choose either the +Z or -Z Axis Jog button until the tool is exactly at program
coordinate 2.0000 on the Z axis. Depending on the tool positioning resolution
of your machine tool, you might not be able to reach 2.0000 exactly.

Now use the same process to move the tool exactly 0.5000 inchesin the +X
direction and 0.2500 inchesin the +Y direction. The program coordinates
should now read:

X: 0.5000
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Y: 0.2500
Z: 2.0000

Setting Machine Zero

Y ou can set Machine Zero two ways: by jogging the tool to the corner of the
machine tool envelope, or using the Seek Home button on the Home Control
Panel. Inthistutorial we will jog to a point and define it as Machine Zero.

1. Choose the Clear button next to the machine coordinate label in the DRO Box.

Thiswill clear the machine coordinates and remove the light blue machine
tool envel ope boundary.

Choose the Jog button in the Control Selection Box.

Jog the tool to 1/10” from the top of the Z axis.

Jog the table in the X- direction to about 1/10” from the end of travel.
Jog the table in the Y - direction to about 1/10” from the end of travel.

o g b~ WD

Choose the Zero (0) button to the right of the machine coordinate label. Then
choose OK in the confirmation dialog box that follows.

Using the Point Move

The Point Control Panel provides an easier way to move the tool to an exact
position.

1. Choose the Point button in the Control Selection Box.
Select Any Point in the Point list.
Select Machine from the coordinate system pull-down menu.

Fill inthe X, Y and Z text boxestoread 1, 2, and -1.

o b~ W N

machine coordinates 1, 2, -1 at afeedrate of 4 inches/minute.

G-Cndel Jog | Point I Horne | A |

M IMachinE j IFEEdrate j

Program Zero

Last Feed Hold A |0.0000 ° ! Feed Hold

Machine Zero X I‘I.EIIIIIIIEI in Iil.IIIIII indmin
Relative Zero : o
Tool Change Y IE.EIEIEIEI in ISED.D frin
Program Start Z [10000  in Move

Curr. Line Start — |

6. Choose the Move button. Notice how the machine first performed 2-Axis
linear interpolation for the X and Y axis, then moved the Z axisdown. This

Enter “4” in the Linear Feedrate text box. Now everything is ready to moveto
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sequence of movement, unique to the Point mode and G28/G29/G30
commands, helpsto avoid tool crashes.

7. Select Machine Zero in the Poaint list.

8. Select Rapid from the Rate Mode pull-down menu. Everything is set to move
the tool to machine coordinate O, O, 0 as quickly as possible.

(5-Code | Jog |

Point |

Home | Ay

Any Point

PruEram fero

Relative Zero
Tool Change
Program Start
Curr. Line Start
Last Feed Hold

IMachine

X [ooooo  in
Y 00000 in
Z 00000 in
Aooooo

[

|Rapid

Ifi.EIEI indrmin
ISED.EI “min

Mov

[

Feed Hold

9. Choose the Move button. Notice how the machine first moved the Z axis up
and then performed 2-axis linear interpolation on the X and Y axes.

Setting Program Zero on the Machine Tool

Program Zero is the origin to which al program coordinates in the G-Code file
are referenced. Before we cut a part, Program Zero must be set correctly relative
to the workpiece. For thistutorial we will cut afile called FLASHBOLT.FGC.

1. Choose Open G-Code from the File menu and select FLASHBOLT.FGC, and
then choose OK. The screen appearslike this:
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Make sure there is enough room on all axes of the machine to run this G-Code
file from the Program Zero point. By observing the toolpath displayed in the
Toolpath Viewport Box, you'll see the FLASHBOLT.FGC program needs
+2.125 inches on the X axis, +1.625 incheson the Y axis, +0.5 and -0.05
inches on the Z axis.

Fixture a sheet of 1/8” or thicker plastic or aluminum at least 2" wide and 4”
long onto the XY table of the machinetool. Be surethat all clampsand
fixtures are well out of the way of the tool during all parts of the program.
This program works best with a 1/16” end mill.

Jog the tool to the -X, -Y corner of the workpiece using the Jog Control Panel.
Then carefully jog the tool down in the Z axis until it just barely touches the
top of the workpiece.

To define this point as Program Zero, choose the Zero (0) button next to the
Program label. Then choose OK in the dialog that immediately follows.

Using either the Jog or Point Control Panel, raise the Z axis exactly 1.0” and
define this point as Program Zero. Note that this point is exactly 1” above
where it needs to be to actually cut the workpiece. The machine is now ready
to do adry run without cutting the workpiece.

Testing the Program on the Machine Tool

It isalways agood ideato do adry run of the G-Code file both in offline and
online modes before cutting a part. Thisletsyou check for G-Code programming
errors, spot interferences with fixtures, and so on.

1.
2.

Choose the G-Code button in the Control Selection Box.

Choose the Reset button to make sure the G-Code program is reset. Choose
OK inthe dialog that follows.

Take the Signal Generator offline by choosing Offline from the Controller
menul.

Go into step mode by choosing the Step radio button.

Repeatedly choose the Start button, watching the screen to make sure the tool
behaves properly.

Once you are satisfied the program will behave properly, re-establish
communications with the Signal Generator by choosing Online from the
Controller menu. A dialog will ask you if you want to revert to the
coordinates used before going offline. Choose Y es.

Choose the Step radio button.

Choose the Start button. The machine should movethe X and Y axes, and
then stop.

Step through the entire program by choosing the Start button for every line of
G-Code. If at any time you need to stop the tool, choose the Feed Hold button
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or hit any key on your keyboard. If you stop the tool in the middle of the
program, you can start exactly where you left off by choosing the Start button.
Y ou may want to try thisfor practice.

Cutting the Part

Assuming everything was fine in the previous step, we' re ready to cut a part.

1.

Check to make sure the program coordinates are a 0, O, 0. If not, go through
the “ Setting Program Zero on the Machine Tool” section above.

Go into jog mode and car efully move the tool down in the Z- direction to the
part surface. This should be at the program coordinate 0, O, -1.

Set this point as Program Zero by choosing the Zero (0) button next to the
Program label and choosing Y esin the dialog that follows.

Now jog the tool 0.5” UP (in the Z+ direction). This placesthetool inthe
correct starting position to begin cutting the workpiece.

Choose the G-Code button in the Control Selection Box.
Choose the Continuous radio button.

Turn the machine tool spindle on and make sure everything is ready on the
machine tool.

Choose the Start button and the machine tool will begin to cut out your first
part. Alwaysbe on alert to choose the Feed Hold button or hit any key in
case of emergency.

Congratulations! Y ou’ve successfully cut your first part using Torchmate.

Exiting the Program

To exit Torchmate, choose Exit from the File menu. Thisterminates
communications with the Signal Generator and returns you back to Windows.

Turning off the Electronics

Alwaysturn off the Signal Generator and Motor Driver when
they arenot in use.
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Backlash — The amount of motor movement that occurs without table movement when
changing directions on an axis. A typical source for backlash is play between the screw
and nut in the drive system.

Baud Rate — The speed at which Torchmate communicates across the serial port with the
Signal Generator. It's measured in bits per second and istypically set at 38,400 —
115,200.

Buffer Time— The Buffer Time is used to prevent system events from affecting motor
movement. The larger the Buffer Time, the less effect system events have on motor
movement. The smaller the Buffer Time, the more responsive the machine tool isto
mouse clicks.

CNC Setup Parameters— Torchmate settings that define a machine tool and its operating
limits. All setup parameters are found in the Configuration dialog box, available from the
Configuration menu.

Continuous Contouring — An advanced feature that lets Torchmate run G-code files
smoother and faster. Smooth transitions from one G-code line to the next allow high
speed machining of complex 2D profiles and 3D surfaces. Also called “Look-Ahead”
and “ Constant Contouring.”

DRO Box — The area of the main screen that shows the current location of the machine tool.
Y ou can display one or all of the four coordinate systemsin thisbox. ‘DRO’ isan
acronym for Digital Readout.

DXF — Document eXchange Format. Defined by AutoDesk Inc. as away to exchange
design data between CAD, CAM and CAE programs.

Feedrate— The linear speed of the cutting tool relative to the workpiece. Defined in G-Code
by the F parameter in inches/minute, millimeters/minute or degrees/minute.

Full-Step — Step mode where one step from the Signal Generator corresponds to one full step
of a stepper motor.

G-Code — Standard programming language used to control CNC machines.

G-Code Program — Program used to control the movement of the machine tool. G-Codeis
an industry-standard machine tool programming language.

Gear Ratio— Theratio of motor revolutions to drive screw revolutions due to gears, pulleys
or other devices.

Half-Step — Step mode where two steps from the Signal Generator correspond to one full
step of a stepper motor.

Home — Same as Machine Zero (see below).

Included File — G-Code file containing subroutines that can be called from amain G-Code
file. Theincluded file must be listed at the top of the main G-Codefile.

Jog — Method of manually controlling each axis of the machine tool.

Limit Switches — Switches placed at the travel limits of each axis. When the machine tool
travelstoo far in either direction of any axis, alimit switch istripped. The control system
then stops the machine to prevent damage.
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Machine Coordinates— The XY ZA position of the tool relative to Machine Zero.

M achine Tool Envelope — The three dimensional box (plus optional 4™ axis travel) defined
by the maximum travel inthe X, Y, Z and A axes. Once the machine tool envelopeis
defined, the tool cannot move beyond it. Y ou can disable the machine tool envelope by
choosing the Clear button.

MachineZero—Theorigin (X, Y,Z,A=0,0, 0, 0) of useful space within the machine tool
envelope. Can either be defined manually or by using home switches.

Maximum Feedr ate — The maximum rate at which a motor can reliably start and stop with
ramping.

Start/Stop Feedrate — The maximum rate at which amotor can reliably start and stop
without ramping.

Modal — A type of command that stays in effect while Torchmate processes subsequent G-
Code commands.

Motor Driver — The electronic box that converts step and direction signals from the Signal
Generator into a sequence of amplified signals to drive a motor.

Motor Direction — The association between the actual direction an axis moves and the
direction Torchmate intends it to move. If an axis movesin the wrong direction, this
setting should be changed from positive to negative or vice-versa.

Motor Resolution — The number of full motor steps for one revolution of the motor. For
example, a 1.8° Stepper motor has 200 full steps per revolution; a0.9° Stepper Motor has
400 full steps per revolution, and so on.

Motor Step — The amount of motor movement associated with one electrical pulse to the
stepper motor driver.

Offline — Mode in which Torchmate does not communicate with the Signal Generator.
Torchmate displays all G-Code, Jog, and Point moves, but the machine tool does not
move.

Online — Mode in which Torchmate communicates with the Signal Generator. In this mode,
all G-Code, Jog and Point moves are executed by the machine tool.

Open Loop — A type of control system in which an actuator moves without sending motion
information back to the controller. Most stepper motor systems are open loop due to their
high reliability in performing step commands when used within their torque limits.

Program Coordinates— The XY ZA position of the machine tool relative to Program Zero.

Program Listing Box — The area of the main screen that displays the G-Code program
currently loaded into Torchmate.

Program Zero— The zero point, or origin, to which all absolute coordinates in the G-Code
file arereferenced. It isrepresented by agreen dot in the Toolpath Viewport.

Ramping — Smooth acceleration that allows a machine tool to reach high feedrates.
Ramping rates are measured in full steps/sec/sec.

Relative Coordinates— The XY ZA position of the machine tool relative to the point at
which the relative coordinates were zeroed. The relative coordinate system is general
purpose and may be used for anything you choose (aslong asit’s legal).

Resonant Speeds — Rotational speeds at which a stepper motor vibrates excessively. Often
the motor will stall if run at these speeds. Resonant speeds depend on the size of the
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motor, the amount of loading, and the power of the motor driver. Typically, increasing
the load and reducing motor driver current will reduce resonance.

Screw Thread — The number of turns per unit length of travel of the helical drive screw for
each axis.

Serial Port — A communications port on both the PC and the Signal Generator, used to
exchange commands and other information.

Setup File—A file containing the CNC Setup Parameters for a machine tool. Thesefiles
have an “STP” extension.

Signal Generator — The electronic box that converts computer commands into step and
direction signals suitable for a stepper or digital servo motor driver. It aso interprets
input line signals and produces output signals to control various peripheral devices.

Step M ode — The number of micro steps between each full motor step.

Stepper Motor — A motor that moves a precise amount when given an electrical pulse.
Stepper motors typically have 200 full steps per revolution, or 1.8° per full step. Other
popular stepper motors have 0.9° and 7.5° per step.

Tool Positioning Resolution — The amount of machine tool movement that results from one
step pulse produced by the Signal Generator. For each axis, Tool Positioning Resolution
(TPR) depends on 4 factors. Step Mode (SM), Gear Ratio (GR), Motor Resolution (MR),
and Screw Thread (ST), where

TPR=1/(SM * GR* MR * ST)
Tooling File— A file containing the geometry information for up to 100 tools. Thesefiles
havea“TLG” extension.

Toolpath — The path that a machine tool follows as Torchmate executes a G-Code program.

Toolpath Viewport Box — The area of the main screen that graphically displays the toolpath
and updates the machine position in real time.



