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Thank you for purchasing the C3 computer system. The C3 offers a low-cost integrated cad-cam-cnc controller
suitable for nearly any type of CNC mill, lathe, router, or other motion control application.

System Overview

The C3 is a stand alone pc-based design and cnc controller that can be used out of the box or expanded as needed. A
standard pc motherboard boots automatically to the Turbocnc machine control program. Step, direction, and Input-
Output (I/0O) signals are output through the parallel (Ipt) port. In order to use the C3 you will need to connect the Ipt
output pins to your properly-wired stepper or servo motor drives and adjust the configuration settings as required.

Standard g-code programs may either be loaded from other computers into Turbocnc and run, or created using the
included Bobcad-cam Gold V14 software. For your convenience printed manuals for Turbocnc, Bobcad, and the
Freedos operating system are included. Simple instructions are provided here; please refer to the detailed
information in the manuals.

Any standard pc computer component may be added to the C3 as required to support the customization of your
machinery. For simple lathes, mills, plasma cutters, and routers no upgrades or changes should be needed.

Basic Operation and Configuration

Attach the included power cable, a USB or PS/2 mouse and keyboard, and your choice of monitor to the connectors
at the back of the C3. Press the power button and your C3 will boot to Turbocnc

Connect your stepper or servo drives to the Ipt connector. The default Turbocnc.ini configuration file is set for a 3-
axis machine with Ipt pins as follows:

Pin Function

2 X-Step

3 X-Direction
4 Y-Step

5 Y-Direction
6 Z-Step

7 Z-Direction

You may make changes to the configuration file by pressing the ALT-C keys. Here you can change axis settings,
I/O settings, and other software properties. When changes are made choose the "Reset Ports" option and you will be
prompted to save the configuration file.

BobCAD-CAM

To access BobCAD-CAM you need to first exit Turbocnc. Choose File and Exit and you will see the command
prompt. Type "bobcad" and press enter twice. You will see the BobCAD-CAM screen appear. Follow the
instructions in the Bobcad manuals for help using the system. To return to Turbocnc, type "turbocnc" at the
command prompt.

Transferring Files to and from other Computers

A USB flash drive may be used to transfer files with other computers. Refer to the index of Dos commands for
more information on how to transfer files using the command line. Most files to be transferred will be from a
separate design computer to the C3 computer for machine operation. In this case all the user needs to do is to save
the files on the USB drive on the design computer, plug the USB drive into the C3 and then open the file in Editor
using the Turbocnc menu.

For advanced users who wish to connect into an RS232 serial network in their shop a copy of Texas z-Modem is
included.
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Create the Part Geometry

In this tutorial we will create a simple part out of 1/16” sheet that is 3x3” inches
square with a 1” diameter hole exactly in the center

+ Make sure the cnc machine is turned off, start the computer and exit Turbo
CNC. at the C:\ prompt type “Bobcad” and press enter. At the main menu
choose Bobcad-cam. Under START OPTIONS choose “1. — Start New
Drawing”. Enter a name for the drawing when prompted (such as “test”)

+ Select POINT from the main menu and choose option 2- COORDINATE.
Enter the x and y coordinates and draw 6 points as follows:

Point X Y
1 -0.125 0.125 ' v
5 0 0 DA POINT: ENTER COORDINATES
3 0 3
4 3 0
5 3 3
6 1.5 1.5




Create the Part Geometr
+ From the main menu select LINE and choose option 3- JOIN. Use the mouse

to select the lower right point and then select the upper right point. You will see
a line drawn automatically. Repeat for the other 3 sides of the square. Then
press the “ESC” key
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+ From the main menu select ARC and choose option 2- POINT CNTR. Enter
.5 for the radius and then select the point in the center of the square. You will
see a circle drawn. When you are done res_,e__,_,f“ElSC” kev.




Create the Offset Tool Path Geometry

The cutting tool in this example is .036” wide. We need to trace the geometry of
the part by 'z of this width so that the final dimension of the part cut are as close
to size as possible.

+ From the main menu select OTHER CURVES and choose option 2- OFFSET.
Select SINGLE and enter .018 in the distance. Select the circle in the center of
the part and then move the cursor to the inside of the circle and click the mouse.

+ From the main menu select OTHER CURVES and choose option 2- OFFSET.
Select CHAIN and enter .018 in the distance. Select the left side of the square
that frames the part. Move the cursor to the outside of the square and click the
mouse button. Press the “]” key and choose YES. You will now see the offset
trace around the part.

+ From the main menu select EDIT and choose DELETE and then SINGLE.
Select and delete the original corner points, circle and square.

+ From the main menu choose SAVE to save your drawing.



Create the Tool Paths Using the CAM Function

In this step we will use the NC....CAM functions to create the tool paths file for
our CNC controller

+ From the main menu select NC......CAM and choose NEW FILE. Name the
file and then choose TURBOCNC.CFG as the configuration.

+ Select option * RAPID and press enter to change to FEED mode.

+ Select POINT MOVE and move to the center point you created earlier.
+ Choose 7, Tool Up/Down. Move the tool down using FEED mode

+ Choose POINT MOVE and move to the edge of the circle

IN HENU Fl:file F2iedit

GB4 P1888 ;Pause 1000 Millisecs
M87 ;Cut Height
NO8 X1.9828




Create the Tool Paths Using the CAM Function

+ Choose SINGLE, select the circle, and then move the cursor with the mouse
until the arrow shows a counter-clockwise direction. Click the mouse button and
you will see the circle traced in blue.

+ Choose 7 Tool Up/Down and move the Z axis up
+ Choose POINT MOVE and move to the point your created earlier at -.125X
and.

+ Choose 7 Tool Up/Down and move the Z axis down

+ Choose POINT MOVE and move to the nearest part of the square.

+ Choose AUTO, select the square, and then move the cursor with the mouse
until the arrow shows a clockwise direction. Click the mouse button, press the
“]” key and you will see the square traced in blue.

+ From the main menu choose to save the file and exit Bobcad




Examining the Finished Code

Each line in the finished file is called a Block and has a specific purpose

N10 G90 ;Absolute Coordinates

N20 G01 X0 Y0 Z.1 F100 ;Move to 0,0 at F100

N30 GO0 X1.50000 Y1.50000 ;Move to Center

N40 GO1 Z-0.10000 ;Plunge tool

N50 X1.98200 Y1.49998 ;Move to circle edge

N60 G02 X1.98200 Y1.50000 1-0.48200 J0.00002 ;Cut the center circle
N70 GO0 Z0.10000 ;Raise tool

N80 GO0 X-0.12500 Y0.12500 ;Move to outside of part

N90 GO1 Z-0.10000 ;Plunge tool

N100 X-0.01800 Y0.00000 ;Move to edge of part

N110 Y3.00000 ;Cut in a straight line

N120 G02 X0.00000 Y3.01800 10.01800 J0.00000 ;Round the corner
N130 GO1 X3.00000 ;Cut in a straight line

N140 G02 X3.01800 Y3.00000 10.00000 J-0.01800 ;Round the corner
N150 GO1 Y0.00000 ;Cut in a straight line

N160 G02 X3.00000 Y-0.01800 1-0.01800 J0.00000 ;Round the corner
N170 GO1 X0.00000 Cut in a straight line

N210 GO0 Z0.10000 ;Raise tool

N220 G01 X0 Y0 Z.1 F100 ;Move to 0,0

N230 M30 ;End program



Transfer the G-Code File to the Machine and Cut

Launch Turbocnc by turning the computer on or typing “turbocnc” at the C:\
prompt

Load your program by selecting File ->Open in Editor

e C\DOCUME~1\sbhalder\MYDOCU~1\Personal\tcnc\ TURB _|EI|5|
Run Setup Conf igure Tools

TOFFPED
.A8BAAA1n
. ABBAAA1in

AAABEA in

Aaaaa -

— off
— off

I — off

] — off
1 O

ABS =Y
.A88 IPH
fixture (GH3>
pverride

int = AAAAA

Fi Help FZ Ports F3 GoTo F& Run F7? Single Step F8 Jog F? HDI Alt+X Exit

Press f-8 to enter the Jog menu. Use the arrow keys to move the torch to the
origin of your workpiece. Next zero the axes by pressing “Z” and then “*”. Hit
Esc to exit the jog menu.

_ o] x|
File Run Setup Conf igure Tools= Help
TOFPPED
<ESC> Exit Jog Mode B_.86003444in
<TAB> Toggle Continuous- Discrete A.88088AA in
€8>, <A>_ <B> Toggle spindle and coolants 8888888 1n
<R> <T> Select tool offset a._88BBpaac
<H> Select fixture offset Spindle: — off
0> Toggle limit checking (Currently OM> Coolant A: — off
<P> _ Toggle probe checking (Currently OND Coolant B: - off
<F> Urite current position to POINTS.DAT MA1 hreak: — off
Block del: ON
Jog Mode: Continuous Tool- @ ABS By
Jog Speed: Rapid Feed: 18_6808 IPM
Active Axiz:- 1=H GEBA Mo fixture <G532
Mo feed override
—————— Axiz Commands e Cycle count
Left-Right Jjogs axis: X LA fero an axis
Up-Down Jogs axiz:- ¥ <H> Home an axis
s Pglp-PgDn  jogs ax1s- Z <E> Enter position
L+ {3 Jogs axi=:- A <G> Go to position
Use <ALT>+<jog key> for a fast Jjog...
F1 Help F2 Ports FJ GoTo F6 Run F7? Single Step Jog F? MDI Alt+d Exit




Transfer the G-Code File to the Machine and Cut

It is good practice to do a dry run cut of any cnc part prior to actual machining.
Raise the Z head well above the part and zero it. Press the 6 key to run the
program and choose start.

ot C:\DOCUME~1\sbalder\MYDOCU~1\Personal\tcnc\ TURBOCHC.EXE

' Conf igure Tools Help

C:=~DOCUME™1~5BALDER-~DESKTOP-~5AMPLE.TA TOFPPED

: B.8808344in

MBa? : B.88888081in

G28 : B.88080001in

NBB1A GHE HU.P9UP8 YH.0008 71 .8888 B I 1
NBB2A H3.7PA17Y ¥3.32415 i

F1 Help F2 Ports FJ GoTo Fb6 Run F7? Single Step F8 Jog F? MDI Alt+s Exit

You will see the program run through each line, and the mill table should move
to “trace” the shape of the cut. Correct any code issues before proceeding.

Once the test cut has been made you can cut the actual part. Load the material
into the machine, set the Z height to hit the back of the material part to be cut.

When you are confident that everything is in order turn on the spindle. Run the
program to make your part.
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Part 1 — Quick Start

Legal Notice

Various warnings appear throughout this manual. Do not take
these to be applicable in all situations, nor to completely
describe the hazards involved. CNC machines supply the
power to do your work more effectively. You supply the
judgment. Although DAK Engineering does its best to stand
behind this product, we won't be liable for damages incurred.

Regular users of TurboCNC are expected to register the program by paying for it (see
contact section). Source code and bug report/upgrade newsletters are made available
to registered users via email.

If you're a registered user, you can do anything you want with the program and source
code to modify it as you see fit, except for redistribution. In your own shop, anything
goes.

Upgrade Information

There have been numerous changes to TurboCNC since the major code branh (version
3.X). These include modifications to the code accepted to bring it into line with the RS-
274 D standard and industry practices. G16 is no longer supported. Support for G72
and G73 has been dropped, use G02 and G03 with a third axis callout instead to
perform helical moves. Similarly, use M98 as a subroutine call, and M99 as a
subroutine return instead of the M60 and M62 supported in previous versions.

New functions in TurboCNC include:

G76 Multi-pass threading

G983 Inverse time feed mode
G178 — Speed Peck Motion
G183 — Speed Peck Drill Cycle
M97 — Jump

Some of the functions have had their parameters changed. As an example the '# is no
longer used as a parameter, therefore G04 (Dwell) now accepts the 'Q' parameter to
specify dwell time.

Programming elements including a means of communicating with the operator,
variables, expressions, and conditional execution, are new to this version of TurboCNC.
These additions bring new power and flexibility to your programs.



The format of the turbocnc.ini file is backward compatible, so you can use your old one
to get rolling with this new version right away. Inside TurboCNC, use the “Save
configuration” option to re-write the turbocnc.ini file, and you’re now up to date!

Since 4.00, there have been scores of bug fixes, and some dialog changes to make the
software easier to use. Many of the changes have been “under the hood”.

Support for Peter Homann's DigiSpeed spindle control has been added. For info on this
product go to http://www.homanndesigns.com/ .




Installation

System Requirements

486DX2-66 or later PC compatible computer with at least 4MB RAM and a DOS
compatible file system

Open 25-pin parallel port for control

500k free disk space (7M for source code and development tools). TurboCNC can be
run from a floppy disk, but a hard drive installation is generally better

A 66 MHz or faster clock speed is recommended for satisfactory performance.

Almost any home or office computer system made after 1993 will meet these
requirements. However, some fairly modern industrial control computers may not.
Consult your owner's manuals to be sure. TurboCNC will report if any critical things are
missing at startup.

For very old computers or those that don't have a math coprocessor, try using version
3.0f of TurboCNC instead. This is available in the web archive for download at
http://www.dakeng.com/archive.html and although it lacks many features compared to
the later versions, it can and has been used for production grade work on even very old
286-10 machines. In some countries these may be the only computers available to
private citizens.

A note on Laptops:

Some laptops pose problems to TurboCNC and CNC machines. There are two
common problems.

The first is the BIOS may introduce its own interrupts, which can interfere with the
generation of a steady pulse train. This problem can cause lost steps. You can try to
eliminate these by booting the system into BIOS and resetting the options there.

The second common problem is that some laptops do not switch between +5 volts and
0 volts on the pins of the printer port as is required by many drivers. A parallel port
breakout board of your own design or a commercial offering such as the Axxus
Technologies DB1V2.0 can be used to restore the full 5-volt swing required by many
stepper and servo motor drives.



Program Installation

Here's how to get TurboCNC on your computer. Future versions will feature an installer
utility, but for now you have to do this manually.

1. Download a copy of the program from the web at
http://www.dakeng.com/turbo.html, and save the file somewhere on your
machine.

2. Obtain a de-archiving utility that will handle .ZIP files. Our recommendation is
WinZip, which has a 30-day demo and integrates well with Windows —
downloadable at http://www.winzip.com. DOS users can use their beloved PKZIP
from PKWare or a similar product.

3. Extract the contents of the archive to a convenient folder with a short name, like
C:ATCNC\ or similar. You must respect a limitation of eight characters here
thanks to an inherited DOS limitation.

4. All of the program files, and this manual, will be found in the new folder.

5. If you want to install TurboCNC on a different machine, copy the contents of the
folder to a diskette or transfer it over a network to the new machine. No registry
settings, hidden data, or system file changes are used.

Getting Started

TurboCNC runs in real-mode DOS for maximum speed and control over the timing of
the parallel ports.

Booting into real mode may be a challenge depending on what system you use
currently. Here's how you can get the program started and working efficiently for you
under some of the more popular PC operating systems.

If you launch TurboCNC from Windows, you'll have problems
when you try to control your machine. Read this section and
follow the instructions for your operating system.

If you just want to "play" with the program without a machine
connected, you can ignore this stuff for now. When it comes
time to make chips you'll need this information.

NOTE: These directions assume the program has already been installed per the above.

MS-DOS (any version from 3.0 & up)

Modify your CONFIG.SYS file to allow a boot-up configuration in which EMM386.EXE,
HIMEM.SYS, RAMDRIVE.SYS, and any disk caching programs are not present.

Alternately, create a boot disk with the FORMAT /S command to boot up in a minimal
environment.

Disable DOUBLESPACE if it is enabled.

Change to the directory with turbocnc.exe and execute the program.



Windows 3.1
Edit the WIN line and any drivers from your autoexec.bat and config.sys files in order to
present a clean boot to DOS.

Run TurboCNC from the DOS prompt. If you're still using Win3.1 this far into the 21st
century, we assume that you know what you're doing here. Generally, the instructions
are the same as for MS-DOS above.

Windows 95/98
From the desktop, pick Start | Shut-down | Restart in MS-DOS mode

Change to the directory with turbocnc.exe and execute the program using the DOS
commands

CD \TCNC or similar for your system, then TURBOCNC

Alternately, you can hold down the CTRL key (or sometimes F8) while your computer
boots up. A short text menu will appear with some boot options. Pick Command Prompt
Only, and run as above. If TurboCNC gives you an EMS/XMS driver warning, do it over
and pick Command Prompt Safe Mode instead.

Windows NT / 2000

TurboCNC will not drive your CNC system reliably as direct access to the hardware is
not allowed under these operating systems. You can, however run TurboCNC under the
command prompt to familiarize yourself with it, and to 'Dry Verify' parts files. All of the
screen shots in this document were gathered by running Turbo CNC on a Windows
2000 system and performing a 'Print Window'.

TurboCNC can run on a dual boot system with DOS. Consider formatting a disk
partition with FAT16 rather than running solely from a floppy disk. On some systems
using floppy drives only TurboCNC has had problems due to drive access times.

Windows XP
You'll need to create a real-mode boot disk for TurboCNC Get a blank floppy disk out.

e From the desktop hit Start | My Computer | Floppy (A) [or other letter as
appropriate for your system]

e Insert the disk, then hit File | Format

e Check the box that says "Create MS-DOS boot disk" and hit OK to format

Expand and copy the TurboCNC files to the floppy.
Reboot the computer with the floppy in drive A

Execute TurboCNC at the A:\> prompt.



Contact Information

The best way to contact us is via email:
staff@dakeng.com
Or if you prefer the normal mail:

DAK Engineering c/o Dave Kowalczyk
11032 SE 224 PL
Kent WA 98031 USA

Registration payments ($60) can be sent through PayPal to our account at
admin@dakeng.com, or by check/money order to the address above. Make checks
payable to DAK Engineering. Include your email address so that we can send the
source code to you as well.

Support

Consider joining the Yahoo! TurboCNC User Group at
http://groups.yahoo.com/group/turbocnc/. Many of our members are highly
knowledgeable and willing to help, and several have posted their enhancements to
TurboCNC.

Don't hesitate to let us know about features you want to see in a future version.
Upgrades are continuous, and most suggestions find their way in there eventually.

For bug reporting, please send the problem code and your turbocnc.ini file for the

program as a courtesy if appropriate to the issue. It helps enormously in analyzing
problems.

Credits

Dave Kowalczyk — Lead programmer, original author.
Jerry Jankura - Programming, TUI systems and interfaces.
Tony Groothuizen — Programming, debugging.

George and Andrew Bean - Authors of the TechnoJock Toolkit, which drives the menu
system.

Terry King - Author of Fkeybit.

Harald Geier - Menu usability, MasterCAM posts.

John Johnson - M60/62 (now M98 / M99) and parsing algorithms.

Daniel Barber - Windows XP compatibility testing and boot instructions.

Alan Matheson - Metric mode testing.

Daniel Brock, Wayne Hill, and Andrew Erwood - G76 cycle specifications.

We would also like to recognize the registered users and the beta testers especially for

their support, suggestions, patience, and the many successes they've enjoyed while
using this software.



Part 2 — User’s Guide

Introduction

TurboCNC is a machine control interpreter. By loading in “g-code” files and executing
them, physical motion of a machine occurs.

Menu System

Here's what you should see when you start the program, after the initial diagnostic
screen:

File Run Setup Configure Tools Help

STOPPED
«=§: 0.0000001n
«Y: 0.0000001in
«7: 0.0000001n
=fl: 0.000000°
Spindle: - off -
Gear Ratio: 1  (M40)
Coolant A: - off -
Coolant B: - off -
M1 break: - off -
Block del: ON
Tool: @ RABS HY
Feed: 10.000 TP
617 Mo fixture (G53)
No feed override

le count: DOOOO

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI Alt+K Exit

In many respects this program functions like others you have used, such as the concept
of opening and editing files, saving, and in the GUI concept.

Note the black colored window on the right hand side of the screen. This is the Status
Window, and it's very special. From top to bottom, the Status Window displays the
current machine position, the status of the spindle and coolants (if installed), which
options are currently active, and some information about the machine state. You can't
move this window or get rid of it - it's there permanently.

The position of each axis is updated at the end of a move, and "In motion..." will be
displayed while things are still moving. In previous versions you were allowed to have
the position updated each step, but this costs too much CPU time to keep up with. The
information here is updated just after a block executes.

TurboCNC has been redesigned to allow the use of a mouse. The mouse is deactivated
during motion to prevent interference of the mouse driver with the generation of the
pulse train. If you experience lost steps while using the mouse, try booting your system
without the mouse driver.

TIP: Although the menu system is designed to be used with a mouse, there are
keyboard shortcuts for every function. For example, Alt-F-X exits the program. This is



usually much faster than using the mouse, especially if you don't have one. In many
shops, the amount of dirt and crud around (not to mention the tendency for any
horizontal surface to become occupied), will preclude the use of a mouse anyway.

Quick Keys

The functions most commonly used to set up a job have an associated function key
listed on the status bar at the bottom of the screen. Other common tasks also have a
'Quick Key' associated with them. These keys are:

ctrl + N Open a new file

ctrl + O Open file in editor

ctrl + R Run from disk

alt + num Configuration menu for that axis

Motion Keys:

During motion several keys are checked every 18.2 milliseconds (about 55 times per
second). These are:

e Esc Panic Stop (Stops motion immediately)
e increase or decrease feed rate 1%
e shift + <> increase or decrease feed rate 10%

During motion, the result of increasing or decreasing the feed rate will not be seen on
the status display. This is updated at the end of the current move.

File
BB Run  Setup Configure Tools  Help
: STOPPED
MNew [=%: 0.000000in
Open in Editor... =Y. 0.000000in
Run From File. .. l=Z:  0.0008001in
Close ‘|=A: 0.000000°

Save |Spindle: - off -
Save fs. .. |Gear Ratio: 1  (Mi0)
Print :|Coolant A: - off -
:|Coolant B: - off -
DOS shell |M01 break: - off -
|Block del: OM

Load Tooling File. .. 1Tool: O ABS KY

Save Tooling File fs... :|Feed: 10.000 IPH
1617 No fixture (653)

Exit Alt-H INo feed override

cle count: 00000

Create new file in a new Edit Window

New, Open in editor, Run from file, Close, Save, Save As

These first five options are for accessing and manipulating your collection of g-code
files. Note that you can only have one file open at any time. G-code files should be
straight ASCII text in CRLF (DOS) format.



File Setup Configure Tools Help
untitled file STOPPED
0.0000001n
0.0000001n
0.0000001n
0.000000°
Spindle: - off -
Gear Ratio: 1  (M40)
Coolant A: - off -
Coolant B: - off -
MB1 break: - off -
Block del: ON
Tool: 0 ABS XY
Feed: 10.000 IPH
617 Mo fixture (G53)
No feed override
Cycle count: 00000

Run

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI Alt+X Exit

Open in editor will load the entire file into memory, and bring up an editing window.
This is best for smaller files of 500KB or less. Standard editing keys are available.

e cirl+c copy

e cirl+v paste

e ctrl+x cut

e up-arrow move cursor up one line

e ctrl + up-arrow move cursor to top of window

e down-arrow move cursor down one line

e ctrl + down-arrow move cursor to bottom of window
e |eft-arrow move cursor left one character
e ctrl + left-arrow move cursor left one word

e right-arrow move cursor right one character
e ctrl + right-arrow move cursor right one word

e page-up scroll screen up one page

e page-down scroll screen down one page

e home move cursor to beginning of line
e ctrl + home move cursor to beginning of file
e end move cursor to end of line

e cirl + end move cursor to end of file

e F5 stretch window

o ctrl+f find string

e F3 find again



File Run Setup

Configure

Tools Help

File: G:\TCNCA&\...\ARC.CNC

:Arc Test

617

F10

60O Ko Y1

603 X0 Y1 70 18.6 J-1.0

: 1.8" Radius - full ci

STOPPED
«K: 0.0000001in
«Y: 0.0000001in
«7: 0.0000001n
=f: 0.000000°
Spindle: - off -
Gear Ratio: 1  (M&0)
Coolant A: - off -
Coolant B: - off -
MOl break: - off -

Block del: ON

Tool: @ ABS XY
Feed: 10.006 IPM

617 Mo fixture (G53)
No feed override

Cvcle count: D0A0A

Current Linct [N

Command;

Run from file is used for large files that won't fit into memory. Editing and scrolling
through the file are not implemented in this mode. A console is brought up containing
more status information and a display of code being executed. The next line to be
executed will turn red if execution tries to continue beyond the end of the file. Code that
has been executed will turn gray, pending code is yellow. Most program messaging will
occur in the display area of the console, rather than bringing up a separate dialog box in
this mode.

Print
Sends the currently open file to the printer.

Ensure that your printer is connected, and your CNC machine is
turned off to use this function. It is possible for the standard
print function to cause movement and turn on your spindle if the
port definitions of your CNC machine match that of a printer.

Load Tooling File

Loads a tool and fixture offset file from disk.

Save Tooling File As...

Saves the current tool and fixture offsets to disk. Expert users will find it generally
fastest to edit the tool offset file directly to adjust for tooling changes.

Exit
Exits TurboCNC. You will be prompted for confirmation.



Run

There are a variety of functions to actually do some real work with your machine located
under the Run Menu.

The '<"' and '>' keys can be used to adjust the feed rate while the CNC machine is in
motion. Using the Shift key in combination with these will yields a finer degree of
control.

The 'ESC' key functions as a PANIC STOP, while in this mode.

A Panic Stop initiated by the operator immediately ceases the
generation of step pulses for the motors, and opens the spindle
motor relay (if fitted). The drive enable lines (if fitted) are not set
to the disabled state to prevent further injury or damage which
may be caused by motion due to gravity. Coolant status is not
changed to prevent further injury due to burns caused by hot
materials.

After the 'Esc' key has been pressed, or the Emergency-Stop
has been activated the operator must select 'OK' in the 'Confirm
Motion Abort' dialog box. He or she must then acknowledge
that the program has been aborted before taking control of the
machine via the MDI mode of operation to change the status of
drive enable and coolant states.

NOTE: Panic stop and limit switches are wired to the parallel ports as logical inputs.
This is to get around the keyboard buffer in case of an emergency, and allows for fast
polling of the input states. After a panic event, the options of continuing where
machining was interrupted or aborting completely are available. The former option is
good for fixing simple things, like an incompletely tightened tool or something that was
noticed just before the "rubber met the road", so to speak. A further option of jogging
the machine is available in the 'Run from disk' mode of operation.

Single Step

Single Step is used to step through a new program line-by-line to check for "sticking
points". Keep selecting this menu item (or the press the F7 key) to execute a program
one line at a time.

Single Cycle

Runs through your entire program once. This is used to make a single copy of a part,
usually while proofing out a new program.

Piecework

This option is used to make multiple copies of a part. It pauses between parts to allow
new blanks to be mounted, and is the usual method for chucking operations where the
operating sequence is one of "load, run, stop, unload, load" by a human operator. A
running count of cycles executed is kept in the status window.

Hitting a key starts machining operations from the first line of your parts file again... and
again...and again
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Automated...

This option is used for fully automated machines that are capable of changing the work
piece. Just enter the desired number of parts and send it on its way. It will run the parts
file over and over again for the specified number of cycles. This is great if pallet
changing, bar pulling, PLCs, or other robotic hardware is available to do the loading and
unloading. The G codes to run the robots as other axes must be included in the same
program with the code used to machine the part. This is partly the reason so many axes
of motion are included.

Dry Verify

This option allows you to run through the file without moving your machine or turning
anything on. It is often used to see if there are errors in the file syntax, and to obtain an
estimated running time for the program. The estimated run time will be a bit on the low
side as Dry Verify uses some approximations for speed.

The Reset File and Go To Block/Cursor options allows the operator to establish the
current execution point in a file without cutting or moving anything.

Reset File
The Reset File option is used to reset the program counter to the first line in the file.

Go to Block/Cursor

This is very convenient method of setting the program counter to any line of a parts file.
The block may be specified either as the line number of the file or the N-Word on the
target line. When resuming machining from a position in the middle of a file, TurboCNC
will ask some questions about how to get the machine where it should be if there's a
discrepancy in the physical mode or position from what the file expects.

Variables are not computed as TurboCNC scans a file to arrive
at a specific block. Subroutine calls and jumps may have
altered the sequence of execution.

TIP: Use 'Manage Variables' under the 'Setup' menu or the MDI
mode to set variables to desired values before continuing with
program execution.

Set Cycle Count

You can set the cycle count to any number from 0 to 99,999 with this menu option. This
is typically used for keeping track of production volume, and in some cases for
establishing part serialization.

Note that each time a g-code file is run to completion (Single Cycle, Piecework or
Automated modes), a “joblog.txt” file is updated in the current directory with the
time/date stamp, cycle length, and the file name. Keeps track of your billable machine
hours.

11



Setup
File

Run IIESEE Configure

Tools

Help

HDI Hode. . .

Home Axes

Feed Override Adjust
Toggle Show Backlash
Toggle Working Units
Manage Fixtures

Hanage Tooling
Manage Variables

Set Spindle Speed

Manually move axes to setup

Jog Machine

Reset DigiSpeed Control

Toggle Optional Breaks (MO1)
Toggle Marked Blocks (°/°)

STOPPED
«¥: 0.0000001n
<Y: 0.000000in
=7: 0.0000001n
=fl: 0.000000°
Spindle: - off -
Gear Ratio: 1  (M40)
Coolant A: - off -
Coolant B: - off -
MOl break: - off -
Block del: ON
Tool: @ ABS KY
Feed: 10.000 IPH
617 Mo fixture (G53)
No feed override

Cycle count: 00060

In Jog Mode, keys are assigned functions that move axes and to turn the spindle and
coolants on and off. This mode is used to zero tools to the work in preparation for
cutting, or for testing the machine. Generally, actual machining is not performed in this
mode. All of the tool and work offsets are available while jogging. The Jog Machine
menu is shown below.

File Run

g <ESC>
g <IAB>
g Alt+<S.A.B>
g <[+ 1>

§ <F-, F>

q L

g <

g <0>

RO
g Alt-<U>
g <ALT>+<1-8>

Setup Configure

Exit Jog Mode

Tools

Help

Toggle Continuous/IESessii:
Toggle spindle and coolants

Change Tool

Change Fixture
Toggle Limit [I[{i/0fF
Toggle Probe /0fT

Write current Position to POINTS.DAT

Active Axis

ﬁ <1-8>,<J> . <K>Increment

d Left/Right
g Up/Douwn
d PgUp/PgDn
- IRED IR

"EL Hel EZ Ports

Alt+<E>
Al t+<G>
Al t+<H>
Alt+<H>
Alt+<Z>

axis: R
jogs axis: Y
jogs axis: Z
jogs axis: A

F3 GoTo F6 Run

12

Axis Commands —

0.0008025
0.0008025
0.0080025
0.60808025

Enter Pos
Go To Pos
Home Axis
Zero Al1 Axes

Zero Axis

STOPPED
. —0.0000501n
0.0000001n
0.0000001n
0.000000°
Spindle: - off -
Gear Ratio: 1  (MiB)
Coolant A: - off -
Coolant B: - off -
MOl break: - off -
Block del: ON
Tool: © ABS XY
Feed: 10.000 IPH
617 HNo fixture (653)
No feed override

Cycle count: 0PBOO

F? Single Step F8 Jog F9 MDI Alt+X Exit



TurboCNC'’s jog mode offers continuous and discrete jog modes. When in “continuous”
mode, pressing a jog motion key causes the respective axis to move at the “slow” jog
rate until the key is released. When in the discrete mode, pressing a jog motion key
causes the respective axis to move a specified distance and then stop.

The Tab key is used to toggle between continuous and discrete jog modes. The setting
is persistent and is automatically saved in the initialization file when TurboCNC exits.

Continuous Mode

In the continuous mode, the jog is frequency based, and continues as long as the jog
key is held down. Backlash compensation is applied, if required, and the axis is
accelearated, to the step rate specified in it's configuration menu when the key is first
pressed. Upon releasing the jog key, the axis is decelerated and stops upon reaching
the 'Start Vel' in it's configuration menu. Holding down the ALT key selects the fast jog
rate.

Discrete Mode

In the discrete mode, tables are used to specify the distance that the axes should
move. The tables are shared between all of the axes. There is a separate increment
table for each System of Measurement. A separate index into each table is maintained
for every axis. The indicies for all of the axes can be locked together or synchronized.
This is indicated by 'Sync' as the active axis, and results in the same increrment being
used for all axes. The indicies for each axis can also be locked across all systems of
measurement. Depending upon the increment specified increment sizes, this will result
in jog of equal size in both linear systems of measurement. These options are available
on the 'General Configuration' menu.

The J and K keys are used to move the increment index up or down. The index will not
wrap from the lowest to highest or highest to lowest values. The numeric keys (1 — 0)
can be used to directly specify index 1 through 10 for the active axis without cycling
through each increment.

The active axis is specified with the <ALT> + AxisNumber keys, if these are not
synchronized. While jogging, the active axis is automatically updated to reflect the last
axis moved.

Either the Imperial or Metric tables can be used while working in either system of
measurement. This is initialized to the current Working System of Measurement when
entering jog. The <U> key toggles the table in use.

A quadrature encoder wheel may be used for input while in the discrete mode. Any
move size under .250” will be taken for each pulse from the wheel. Set the Jog
Encoder A and B inputs up under the IO config menu to enable this.

When limit checking is on, you will only able to jog as long as no limit switches are
triggered. Once a limit is reached, disable limit checks to move again.

When probe checking is on, jogging will stop when a probe input is triggered (electronic
edge finder).

Notes:

e The direction of the jog for an axis can be reversed using the 'Jog Keys Invert'
option located on it's Configuration Menu.

e The speed at which TurboCNC homes the axes is configurable under the
Configure / General menu.
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Keys are configurable for foreign language keyboards. See the TurboCNC
Configuration File section of this manual for details.
Several of the commands make use of a “currently active” axis. You can set
the currently active axis by specifying either its description or its number. The
“currently active” axis is modal. It remains active until another axis is set active.
An example — to home the X axis and then set its location to 15 and then move X
to 20, you would enter the following sequence:

o X

o Alt+H

o Alt+E (and then enter 15 in the dialog box)

o Alt+G (and then enter 20 in the dialog box)
The Y and Z (and any other) axes will remain in their current locations; only X will
move and have its location changed.

Key Function
Alt+A Toggle Coolant “A” on and off
Alt+B Toggle Coolant “B” on and off
A Set Axis “A” as the currently active axis
B Set Axis “B” as the currently active axis
C Set Axis “C” as the currently active axis
AIt+E Set the current location of the currently active axis to the specified
value. This command uses G92.
F Set the fixture number to its next higher value. If the fixture is at its
maximum, set the fixture to “no fixtures”
D Set the fixture number to its next lower value. If no fixture is currently in
use, set the fixture number to the highest allowable fixture
Alt+G Move the currently active axis to a specified position. This function is
similar to code G0O.
Alt+H Home the currently active axis
Decrement the index into the active speed table for the currently active
J axis, regardless of synchronization. If the current index value is 1, J has
no effect.
Increment the index into the active speed table for the currently active
K axis, regardless of synchronization.. If the current index value is 10, K
has no effect.
L Toggles the Limit switch check
Alt+M Set all axes current position to be 0.
N Sets discrete jog velocity to “normal” — the maximum velocity that the
jog attains is set by the “F” code
o Write current coordinates of all axes to point file — used when probing
an object.
P Toggle probing mode. When probing is turned on, sets the velocity for
probing.
Q Set the axis which will be assigned to the + and — keys for jogging
R Selects Rapid jog rate when the machine is in jogging mode
Alt+S Toggle the spindle
T Change tool number to the next tool bin (number). If the tool bin is at its
maximum value, wrap to the lowest tool bin
R Change tool number to the previous tool bin (number). If the tool bin is
at its minimum value, wrap to the highest tool bin.
Alt+U Toggle the active discrete jog table between Imperial and Metric units
U Set Axis “U” axis as the currently active axis
V Set Axis “V” axis as the currently active axis
W Set Axis “W” axis as the currently active axis
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X Set Axis “X” axis as the currently active axis

Y Set Axis “Y” axis as the currently active axis
Alt+Z Zeroes the specified axis, or all axes
Z Set Axis “Z” axis as the currently active axis
<TAB> Toggles between continuous and discrete jogging modes.

Activates the selected axis. After an axis is activated, you may select a
<ALT> + 1-8 | jog distance that the axis will be moved each time the associate jog
keys are depressed

Selects an index into the active increment table for the currently active
axis. If the axes are synchronized, all increments for the current unit

1-0 table are updated. If the unit tables are synchronized, the appropriate
entries in both tables are updated.
Left Arrow Moves the tool along itslassqciatgdlaxis ina negativeldirection. When
TurboCNC controls a mill, this axis is usually the X axis.
Right Arrow Moves the tool along itslassqciatgdlaxis in a positive Qirection. When
TurboCNC controls a mill, this axis is usually the X axis.
Up Arrow Moves the tool along itslassqciatgdlaxis in a positive Qirection. When
TurboCNC controls a mill, this axis is usually the Y axis.
Down Arrow Moves the tool along itslassqciatgdlaxis ina negativeldirection. When
TurboCNC controls a mill, this axis is usually the Y axis.
Page Up Moves the tool along itslassqciatgdlaxis in a positive Qirection. When
TurboCNC controls a mill, this axis is usually the Z axis.
Page Down Moves the tool along its associated axis in a negative direction. When

TurboCNC controls a mill, this axis is usually the Z axis.

Moves the tool along its associated axis in a positive direction. When
Plus (+) TurboCNC controls a mill, this axis is usually the A axis, which is a
rotary table.

Moves the tool along its associated axis in a negative direction. When
Minus (-) TurboCNC controls a mill, this axis is usually the A axis, which is a
rotary table.

When jogging in continuous mode, selects the high jog rate for the axis.

<ALT> When in discrete mode, has no effect on jog speed.

MDI Mode

Selects the Manual Data Input mode of operation. RS-274 D code can be entered and
immediately executed. Instructions that alter the order of execution such as subroutine
calls (M98) and returns (M99) are not allowed.

The MDI mode is a convenience that allows you to input single blocks of G-Code and
have them executed immediately, without executing a file. This is useful for moving
large distances, or to make practice cuts. For some simple parts, you might do all of the
cutting in the MDI window instead of writing a program.

Everything input in MDI mode is copied to a file called MDI.CNC, along with a date/time
stamp located in the same directory as the TurboCNC executable.

Home Axes

The speed at which TurboCNC homes the axes is configurable under the
Configure/General menu.

Feed Override Adjust

Changes the feed override value from 10% to 1000%. When the feed override is active,
an asterisk will be displayed in the Status window next to the feed rate, which will be
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adjusted to show the “true” feed rate that is in use. 100% is “no override”, that is, the
feed rate will be the same as programmed.

Adjust the feed override downward to compensate for cutting conditions like dull tools,
hard spots in materials, and poor clamping. Adjust it upward to compensate for melting
or burning materials, chatter, or for faster production if conditions otherwise allow.

Toggle Show Backlash

Shows or hides the backlash direction indicators in the status display for all axes that
have a backlash configured.

Toggle Optional Breaks (MO01)

Enables or disables M01 Optional Breaks depending on its current state.

Toggle Marked Blocks (‘/)
Enables or disables the block delete mode depending on its current state.

When enabled TurboCNC will ignore blocks of code that have this as the first valid
character on a line. The block delete character may be preceded by 'white space' such
as space or tab characters and comments enclosed in brackets.

If this is enabled and the block delete character is encountered after the first word in a
block, TurboCNC will ignore the following word only.

GO0 X0 /YO z0 ; y—axis does not move if block delete is on
/GO0 X0 YO Z0 ; no movement if block delete is on
(*** no movement if block delete is on ***) /GO0 X0 YO zO

Toggle Working Units

Switches the system's working units of measurement from Imperial to Metric or vice
versa. This menu item has the same effect as G20/21/70/71. See the 'Switch Native
Units to ' section under Configuration for a discussion of working and native units of
measurement.

Manage Fixtures

The "master coordinate" system must first be set if jog is to be used in setting the
offsets. If the machine has home switches, it may simply be "homed". If the machine
does not have home switches installed, it can be jogged to a designated "home"
position. The master coordinates can be set as desired at the "home" location, athough
this is normally the point of origin. All fixture offsets are caculated with respect to this
location.
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File Run Setup Configure Tools Help
. STOPPED
«¥: 0.0000001n
<Y: 0.0000001n
«/: 0.0000001n

Description: «f: @.000000°
Spindle: - off -
Axis K: Units of Measurement: Coolant A: - off -
Axis ¥: Coolant B: - off -
Axis Z: M0l break: - off -
Axis A: Block del: ON

Tool: 0 ABS XY

Feed: 10.000 IPM

617 Mo fixture (G53)

No feed override

ycle count: 00000
Master reference has not been set.
Press "Set Mstr” to set reference, or

use “Update™ to enter values.
Ay et P I, s,
Pl TE BRI

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 HDI ALt+X Exit

A confirmation dialog box will appear ensuring that fixture offsets are not inadvertently
cleared. Following the operation a message box will appear to confirm that the fixture
offsets have been successfully cleared.

Manage Tooling
A means of setting tool offsets is provided under this menu item.

Before any of the tooling offsets can be set, a reference location to zero must be set.
Once the reference is set to a zero location, all other tools are to be moved to this
location. You may use either a tool as the reference, or may make a special tool setting
gauge. Once the reference location has been set, load the actual tools and move them
to the reference location, using the jogging controls. TurboCNC will then record the
offset locations for each axis.

e Select Setup->Manage Tooling from the main menu

e Load the reference gauge in the spindle.

¢ Move the reference gauge to a reference location using the cursor to jog the
reference into place. Either build a gauge to provide a point to which the
reference gauge is moved, or use some portion. Allow the motors to move the
reference. If power to the motors is cut and the axes manually moved,
TurboCNC will not be able to record the position, and will not accurately set any
of the tooling offsets.

e With the reference gauge in the correct location, press the "Set" button to
record the reference coordinates.

Now that the reference location has been set, TurboCNC shows a screen allowing the
offsets for each of the tools to be set. This is done as follows:

e Use the "prev" and "next" buttons to select the tool for which the offsets are to
be entered.
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e Enter a description of the tool on the line provided, if desired. This description is
not necessary, but can be used to identify the tool during execution of the CNC
program.

e Load the tool into the spindle and jog it to the same reference point to which the
gauge was set.

e Press the "S" key to set accept the location and calculate the tool reference, or
press the "C" key to cancel the function and revert to the current tool offsets.

e TurboCNC will store the offsets in a table, and will automatically select the next
tool in series.

Tools may be directly edited from this menu.
Rear Toolpost is not yet active, and has been included for future development.

When all of the tool offsets have been set, press the "done" button to exit the function.
An opportunity to save the new tool offsets will be presented. The offsets will be stored
in a file located in the directory as specified in the Configure->General dialog.

The screenshot below shows the options prior to 'Set Gage'.

File Run Setup Configure Tools Help

: STOPPED
I¥: -0.0000850in

«Y: 0.000000in
«7/: 0.000000in
Description: =fl: 0.000000°
Spindle: - off
Axis K: Units of Measurement: Gear Ratio: 1 (Hﬁ@)
Axis Y: Coolant A: - off -
Axis Z: Coolant B: - off -

Axis A: MOl break: - off -
Block del: ON
Tool: O ABS HY
Feed: 10.000 IPH
617 Mo fixture (653)
o feed override
Tooling reference is not set. le count: 0D0BG
Press Set Gage to set reference, or

use “Update” to enter values.

F1 Help F2 Ports F3 Golo F6 Run F7 Single Step F8 Jog F9 MDI Alt+K Exit

A confirmation dialog box will appear ensuring that tool offsets are not inadvertently
cleared. Following the operation a message box will appear to confirm that the tool
offsets have been successfully cleared.

18



Manage Variables:

Variable: SN - I

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI Alt+K Exit

Provides a means of setting, and inspecting variables without using RS-274D in MDI or
a custom program. Show will bring up a scrolling list of all variables that are currently
storing a value. Clear all will reset all variables to an empty string.

Disable Drives

This option is available only if a drive enable line has been configured. All drive enable
lines are set to their inactive states when this option is selected.

Enable Drives

This option is available only if a drive enable line has been configured. All drive enable
lines are set to their inactive states when this option is selected.

Reset DigiSpeed Control

Commands are sent to the spindle speed controller, disabling it, and resetting the
speed to 0 RPM.

Set Spindle Speed

A dialog box is presented allowing the user to directly enteer the desired spindle speed.
The command is sent to the speed control.

NOTE: neither of these options affect the state of the Spindle Power control line. This
must be set separately.
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File

F1 Hel

Configure

Run  Setup Configure

Tools

Help

p F2 Ports F3 GoTo F6 Run

F? Single Step F8 Jog F9 MDI Alt+H Exit

STOPPED
TH: 0.000000in
lY: 0.000000in
17: 0.000000in
lA: 0.000000°
Spindle: - off -
Gear Ratio: 1  (M40)
Coolant A: - off -
Coolant B: - off -
MB1 break: - off -
Block del: ON
Tool: B ABS HY
Feed: 10.000 IPM
617 Ho fixture (G53)
No feed override
Cycle count: 0BG00

The 'Configure' option on the menu bar is used to setup the parallel port I/O to drive
your system, configure the way TurboCNC interprets code, set tool and fixture offsets,
and maintain the configuration file (turbocnc.ini). The screen below shows the
configuration menu for TurboCNC when it is started without a configuration file. Several
menu items are grayed out indicating that they not available until the number of axes
has been configured. These are:

Configure Axis

Jog Increments

Set Time Delay Values
Save Configuration

Save Configuration As, and
Reset Ports
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File Run Setup IGREEIEE Tools Help
STOPPED
Number of Axes... Please configure

Configure Axes

Configure I0 Lines...

Jog Increments. ..

Set Native Units to Hetric
General Config. ..

Set Time Delay Values. ..
Configure Editor. ..

RS 274 Dialect. ..

Load New Configuration...
Save Configuration
Save Configuration fAs...

Reset Ports
Speed Map. . .
DigiSpeed Control. ..

Specify number of axes on machine

Number of Axes...

Allows specification of the number of axes on the machine that TurboCNC will drive. If
no axes are specified TurboCNC will not save the configuration file on exit. The number
of axes on the machine cannot be changed while a parts file is open.

STOPPED
: —0.0000501n
: 0.000000in
Number of Axes (1-8): B :  0.0000001in
. 0.000000°
WL, W, SOCWUE
' atio: 1  (M4B)
: - off -
Coolant B: - off -
HB1 break: - off -
Block del: ON
Tool: @ ABS HY
Feed: 10.000 IPH
617 No fixture (653)

No feed override
Cycle count: 00OBO

F1 Help F2 Ports F3 Golo F6 Run F17 Single Step F8 Jog F9 HDI ALt+X¥ Exit
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Configure Axis...

is used to set the parallel port I/0, and specify the motion parameters for each axis.
Upon selection, a dialog box is presented where the first axis to be configured can be
selected. You will then be taken to the main configuration screen shown below. This
screen is dynamic and will change to reflect your choices. It is recommended that you
use the mouse to navigate this screen, as the design trade off for the dynamics was
intuitive keyboard navigation.

ile Run  Setup Configure Tools Help

K Step pin num: B2 Motion Parameters:
Scale:

Motion: Step pin is: Accel :
Hax vel:
Backlash:
Slow jog:
Dir pin num: M@  Fast jog:

Jog keys:

[ |
Direction pin: Start speed is  3.80 in/m.
— Max speed of 30.00 in/m
is reached in 3.000 sec

while moving 0.675 1in.
— Select Axis —

— Finished Axes Confii —

Changes are not effective until the ports are reset.

F1 Help F2 Ports F3 GoTo F6 Run F? Single Step F8 Jog F9 HDI Hlt+H:Ex1t

PulseWidth: B

Items on the axis configuration menu are:

Axis Name: Assigns a drive letter that is used to select this axis in RS-274 D. Valid
selections are A through E and U through Z.

Motion: selects whether the axis is linear or angular. Angular axis measurements are
always in decimal degrees, modulus 360, and driven the shortest distance to their new
position. Linear axes are measured in either inches or millimeters, depending on the
system of measurement in use.

Drive type: selects whether a Step/Direction or Phase scheme is used to control the
motor driver. A Step/Direction scheme requires only two output pins, while a phase
scheme requires a minimum of 4, and up to eight output pins to drive a single motor.
Drive type selection determines whether Step/Direction or Phase definition
configuration information is displayed on the menu.

Pulse Width: changes the duration of the step pulse on step/dir controlled axes, as
some drives need a few microseconds to recognize that the step line has changed
state. The parameter is set directly in integer microseconds. 0 is no explicit delay, which
works out to be between about 2 and 7 us on most computers.

Port: The parallel port to which the driver is connected is selected by this option.

Step pin num: sets the output pin on the selected port for step pulses. Valid values are
2,3,4,5/6,7,8,9,1,14,16, and 17.
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Step pin is: This option is used match TurboCNC to your controller's requirements.
Check you controller documentation, or the files section of the TurboCNC newsgroup
on Yahoo! to determine the proper setting. (Trial and Terror can also be used.)

Dir pin num: sets the output pin on the selected port for the direction signal. Valid
values are 2, 3,4,5,6,7,8,9,1, 14,16, and 17.

Direction pin: selects the polarity required to drive the axis in the positive direction.
Phase wiring of the motor and driver electronics determine this setting. Jog or manually
move the axis to a position where you can safely move the axis and use relative
movements in MDI to determine if the axis moves in the proper direction. If not, simply
toggle this selection and verify that the axis now moves in the correct direction, once
again using the MDI mode of operation.

Motion Parameters: are used to set various values governing the movement of the
axis. Units of measurement will vary to reflect the type of axis and units of
measurement in use by TurboCNC. Acceleration, velocity, and scale effects are
reflected below the data entry area. There is no one-size-fits-all solution. These setting
depend on all of the equipment, and the cutting forces to be used. A starting point for
several systems can be found in the files area of the TurboCNC Yahoo! Group or in the
inifiles subdirectory of your installation. These settings will have to be fine tuned to
maximize the system's performance.

Scale: is the distance or angle that the axis moves for a single step pulse or phase
change. The units can be in inches, millimeters or decimal degrees, depending on axis
motion, and the system of measurement in use. A custom calculator is accessable by
clicking on 'Calc, or pressing 'c'.

Accel: the maximum acceleration of the step pulse train or phases that are sent to the
driver measured in cycles per second per second. This is purely electronic, and is
converted to motion by the motor. Scale is used to convert this value to the linear or
angular value displayed below.

Start vel: is the maximum starting / stopping velocity that will be used by TurboCNC for
this axis. Lower values will often be used for interpolated moves. This is measured in
cycles per second, and converted to a distance or angular measurement using Scale
and displayed below as the Start Speed.

Max vel: is the maximum velocity that TurboCNC will drive the axis. This is measured
in cycles per second, and converted to a distance or angular measurement using Scale
and displayed below as the Max Speed.

Backlash: is the compensation applied whenever the axis changes its direction of
movement. It is measured in inches, millimeters, or degrees depending on the type of
motion and system of measurement in use.

Slow jog: This is the speed at which the step pulses are applied, or phase changes
occur when Slow jog is engaged. It is measured in cycles per second. The value can
be converted to a distance or angular measurement by multiplying it by the Scale.
Fast jog: Similar to Slow jog, but allows you to select a higher speed.

Jog Keys: Selection of normal or invert is possible. In the inverted mode the motion of
the tool with respect to the work piece is reversed for the axis.
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Select Axis buttons accept the changes to the current axis and allow navigation
through the axes to configure them without returning to the main menu and drilling
down through the menu system to access the next axis.

Finished Axis Config buttons are used to exit the axis configuration menu. 'OK
accepts the changes, 'Cancel exits without saving the changes. NOTE: The ports must
be reset to enable the new configuration. The configuration must be saved for it to be
available the next time that TurboCNC is loaded.

The following screenshot shows the axis configuration menu for a phase driven, linear
axis. Note that phase definition information has replaced the Step and Direction pin
configuration parameters.

Set the Last Phase to the number of phases used in your drive scheme. Full, half, and
quarter step schemes can be developed for both unipolar and bipolar two-phase
stepper motors using the 16 phase definitions available. Pin assignments for Phase
definitions follow.

Pin state: 1 0 0 0 X X X X X X X X (from Phase definition 1)
Pin ID: 23456789114 16 17
Pins 1,14,16,17 are driven separately from the other 8 since the computer can only
change one byte at a time on the port. Therefore, keep all the phases for one motor
either on pins 2-9 or on pins 1,14,16 and 17.

ile Run Setup Configure Tools Help

Axis Name: & Phase definitions: Motion Parameters:
Scale: in

Hotion: Accel : Hz/s
Start vel: Hz
Max vel: Hz
Backlash: in
Slow jog: Hz
Fast jog: Hz
Jog keys: #
Start speed is  3.00 in/m.

Hax speed of 30.088 in/m
1s reached in  3.000 sec
while moving 0.6715 in.
— Select Axis —

— Finished Axes Confii —

Changes are not effective until the ports are reset.

F1 elp F2 Ports F3 GoTo F6 Run F? Single Step F8 Jog F9 MDI Alt+K Exit

Last phase: [

Scale Calculator

A custom Scale calculator is available from the Axis Configuration Menu. This is used to
compute Scale using common factors. In the Imperial system of measurement the TPI
of the lead screw is used, while in the Metric system the pitch is used. Values entered
into the scale calculator are persistent through the current session, and are not saved to
the configuration file. The scale displayed on the calculator is automatically updated
when changing fields. Selecting OK will enter the computed value into the Scale
variable on the current axis configuration menu. Cancel or 'Esc' will discard the
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computed value. These selections will close the calculator and return to the Axis
Configuration Menu.

File Run Setup Configure Tools Help

Axis Name: Marameters:
Motion: Lead (TPI):
Micro Steps:
Gear Ratio:

Scale: B.06025

(=) + is Lo

3.00 in/m.
30.00 in/m
kleteged in 3,800 sec
while moving 0.615 in.
— Select Axis ——

— Finished Axes Confii —

Changes are not effective until the ports are reset.

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI Hlt+H?EH1t

Pulselidth: i
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Configure I/O Lines...

There are 40 functions, which can be mapped to parallel port pins if you CNC machine
supports the associated features available within TurboCNC. It is not necessary to map
all of these functions. Just map the ones that you will use. The available functions are
described elsewhere in this manual, and are listed below:

Number Description Direction Number Description Direction
1 Spindle Power Out 21 Limit Switch 3 In
2 Spindle Direction Out 22 PLC Handshake Sense In
3 Coolant A Out 23 Spindle Index In
4 Coolant B Out 24 Spindle Encoder A In
5 PLC Handshake Signal  Out 25 Spindle Encoder B In
6 Drive Enable 1 Out 26 Touch Probe In
7 Drive Enable 2 Out 27 Jog Encoder A In
8 Drive Enable 3 Out 28 Jog Encoder B In
9 Clamp Selector Bit 0 Out 29 Block Hold In
10 Clamp Selector Bit 1 Out 30 Start Inhibit In
11 Clamp Selector Bit 2 Out 31 Clamp Sense Opened In
12 Clamp Selector Bit 3 Out 32 Clamp Sense Closed In
13 Clamp Motor On Signal ~ Out 33 Home Switch 1 In
14 Clamp Direction Closed  Out 34 Home Switch 2 In
15 Tool Turret Index Out 35 Home Switch 3 In
16 Collet Open Solenoid Out 36 Home Switch 4 In
17 Collet Close Solenoid Out 37 Home Switch 5 In
18 Emergency Stop In 38 Home Switch 6 In
19 Limit Switch 1 In 39 Home Switch 7 In
20 Limit Switch 2 In 40 Home Switch 8 In

Each function allows you to enable it and configure the parallel port, the 1/O line, and
active logic level it will use. In addition the Home Switch functions allow you to specify
whether the switch is located at the positive or negative end of the associated axis'
travel, and what the position should be set to upon tripping the switch.

Select an item from the list box to configure it. Click on 'Set’, or enter alt + S from the
keyboard to save the configuration and set another item. 'Cont' will bring up the selector
list box without saving the change. 'Done' will save any changes and exit the 'lO Line
Configuration' menu.

Description Activate Deactivate Description Activate Deactivate
Spindle Power MO03 - CW MO5 Limit Switch 3 In
MO04 - CCW
Spindle Direction MO03 - CW PLC Handshake Sense In
MO04 - CCW
Coolant A M07 M09 Spindle Index In
Coolant B M08 M09 Spindle Encoder A In
PLC Handshake Signal M70 0 Spindle Encoder B In
M71 ut
Drive Enable 1 M17 M18 Touch Probe In
Drive Enable 2 M17 M18 Jog Encoder A In
Drive Enable 3 M17 M18 Jog Encoder B In
Clamp Selector Bit 0 Out Block Hold In
Clamp Selector Bit 1 Out Start Inhibit In
Clamp Selector Bit 2 Out Clamp Sense Opened In
Clamp Selector Bit 3 Out Clamp Sense Closed In
Clamp Motor On Signal Out Home Switch 1 In
Clamp Direction Closed Out Home Switch 2 In
Tool Turret Index Out Home Switch 3 In
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Collet Open Solenoid Out Home Switch 4 In

Collet Close Solenoid Out Home Switch 5 In
Emergency Stop In Home Switch 6 In
Limit Switch 1 In Home Switch 7 In
Limit Switch 2 In Home Switch 8 In

Setup Configure Tools Help

Home direction

State

I1/0 Port

Home Eosition {in):

[ 1] I/0 Points =——2=[ 1
Spindle Power (Out)

Pin: 18

Active Level

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI Alt+X Exit

Jog Increments

This is an adaptive menu, meaning that the display is dependant upon the current
configuration. The blocks for Imperial and Metric increments are exchanged when
Metric is Native.

AutoLoad: The block for the Native system of measurement (always on top) is loaded
with values based on the minimum step size of the configured axes. The first value is
the minimum step size, the second is four times this step size. Subsequent values are
ten times that of the value two increments below the current increment.

Copy in>mm: This is the label when the Imperial system of measurement is Native.
The label is Copy mms=in when Metric. Selecting this option converts, and copies the
increment values for the Native system of measurement to the non-Native system.

Hint: Use AutolLoad to generate the increments for the native system of measurement,
followed by Copy, to load the the remainder of the increments. Finally, manually tune
the larger increments so that they present a more natural fit to the selected system of
measurement and the machine being controlled. The screen shot below shows the
modified increments for 0.000025" minimum step size, on a mill with 9" X 7" X 5.5"
travel.
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File Run Setup Configure Tools
STOPPED
0.0000001n
0.0000001n
0.0000001n
0.000000°
off
off
off
. - off
lock del: ON
ool: B ABS RY
ced: 10.000 IPW
17 No fixture (G53)
o feed override
ycle count: 0000O

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI ALt+K Exit

Change Native Units to Metric (Imperial)

This menu choice changes dependent upon the system's current setting. It's
recommended that this setting be chosen based upon the system of measurement of
the leadscrews fitted to the linear axes of the machine. A confirmation dialog box will
appear to ensure that this setting is not accidentally changed. All internal items stored
in the 'Native' system of measurement are converted into the selected system. These
items are:

Axes' current position (if linear)
Axes' Home position (if linear)
Axes' Scale (if linear)

Axes' Backlash (if linear)
Current Feed Rate

Default Feed Rate

Home Feed Rate

All Canned Cycle Parameters

TurboCNC and Systems of Measurement

The TurboCNC core motion routines are no longer tied to any system of measurement.
All positions for the linear axes are converted to the 'Native' system of measurement.
When the calculations are performed, the units cancel out and we are left with a
number representing the number of steps that must be taken, and the direction in which
they are to be taken. This is referred to as the 'Unitless Motion Engine'.

There are now two systems of measurement that must be defined for your machine.
The first is it's 'Native' system of measurement defined under the configuration menu.
That is the only place Native units of measurement can be changed. This system
should be chosen based upon the leadscrews used on the linear axes. All configuration
items remain in this system of measurement. This eliminates the display idiosyncrasies
of TurboCNC V4.00, and the conversion errors that occurred at the 13" decimal place.
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The second is termed the 'Working' system of measurement. All linear axis positions
entered by RS-274D are considered to be in this system of measurement. These
values can be part of a program or entered through the MDI, or jog interfaces. The
'Working' system of measurement can be changed using G20/21/70/71 or the 'Toggle
Working Units' item under the Setup Menu.

SpeedMap

Selection of SpeedMap displays a dialog box allowing up to four independent Speed
Maps to be configured. Maps are selectable from RS-274D code using the M40
through M43 codes. The standard defines these codes as those that should be used
for gear changes. As each speed map is intended to represent a gear ratio, these were
used.

File Run Setup Configure Tools Help
STOPPED
X: 0.0000001in
—— Map Selector —— — Spindle 7 [EEERIEUIITILTSER
o e, AR
: 0.p00008°
dH pindFI{e: - off
— Test / Add Mapping —— [HElgiGCIElE
Value:  EEEEN  RPH: Eommmmmn YRS

T T

——— Calibration —— . 10.000 IPM

Automatic: [ ] _ 17 HNo fixture (G53)
o feed override
vcle count: 00060

| Map |
el S N

F1 Help F2 Ports F3 GoTo F6 Run F? Single Step F8 Jog F9 MDI AlLt+H Exait

Ratio:

Used to select a Speed Map or Gear Ratio. Valid values are from 1 to 4. The number
1 corresponds to M40, 4 to M43.

Set Gear
This button is used to set the current speed map to that specified in the Ratio box.

Toggle
Spindle Toggle turns the spindle on or off depending on its current state.

Value
Used to enter a count value for use with the Set and Add buttons described below.

RPM

The speed in RPM is entered in this box for use by the Map and Add buttons described
below.

Set

Sets the speed by Value, and turns the spindle on in the clockwise direction if it was off.
This is used to determine the RPM associated with a count Value. The RPM
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corresponding to this value can be entered into the RPM box, and added to the current
map by pressing Add.

Map

Map is used to retrieve the count associated with an RPM from the currently selected
speed map. RPM values above or below the map limits will be reported as an error.
Add

Used to enter the specified Value and RPM as a mapping in the currently selected map.
The high and low RPM limits for the map are adjusted as required.

Calibration

These options have yet to be written.

Edit

Upon opening, the Map Editor sorts the items of the current Speed Map in ascending
order, and validates the map. A local, working copy of the map items is made. If the
map fails the validation check, 'Invalid Map' is displayed in the lower left coner of the
form, and the display is indexed to the first offending item. If the validation check is
passed, the display is indexed to the first map item.

Run Setup Configure Tools Help

STOPPED
: 0.000000in
RPH Value : D.00000B01N
: 0.000000in
0.000000°

: 0 ABS HY

: 10.000 IPM
17 MNo fixture (G53)
o feed override

ycle count: 00800

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI Alt+X Exit

Value

Moves the Edit Window so that the first count Value is is equal to the Target. If the
Target is not found, the next lower count Value is used.

Note: The Target for both Value and RPM is entered into the box between these
buttons.

RPM

Moves the Edit Window so that the first RPM is is equal to the Target. If the Target is
not found, the next lower RPM in the speed map is used.
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Reload

Reloads the local working copy of the Speed Map from the main map array. The Edit
Window is indexed as when the editor first opened.

Prev

Moves the Edit Window 16 items down. If this is below the first item, it shifts the
window to the first ltem in the map.

Next

Moves the Edit Window up 16 items, or so that 16 blank entries are shown. Next has
no effect if all blank items are shown. If this is above the last item, the last item in the
Window will be the last item in the map.

Cancel

Exits the Map Editor without saving changes.

OK

Uploads the working copy of the map to the main map array. The map is then
validated, and if it is valid exits the editor. If the map fails to validate, the editor will
remain open and position the Edit Window to the first invalid item.

Note: If the map does not validate properly it cannot be used to set spindle speed. It
must first be corrected within the Editor, or the original values can be reloaded from disk
by cancelling out of the Map Editor, and reloading the configuration file.

Clear

Clears all values from the currently selected map, and sets the RPM limits to default
values of 100,000,000 for the low end and 0 for the high end limits.

OK

Exits the menu, accepting all changes. To revert to a previous configuration, this must
be re-loaded from disk. There is no provision to reject changes made in the menu.

NOTE: The updated configuration must be saved to preserve any changes between
sessions of TurboCNC. Simply exiting TurboCNC, and re-starting it will erase any
changes made.

DigiSpeed

Selection of the DigiSpeed Control displays a dialog box to configure the DigiSpeed
Control.
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File Run Setup Configure Tools Help
DigiSpeed Control Configuration

Connections
Pins:

(=] 0x378 Step
Dir
Enable

 —t— el

F1 Printer Port 1 F3 GoTo F6 Run F7 Single Step F8 Jog F9 HDI Alt+X Exit

Port
This selects the port that will be used for all communications with the DigiSpeed.

Pins:

Allows selection of the pins for Step, Direction and Enable signals to be specified for the
DigiSpeed. The active state for these signals is hard coded within TurboCNC.

General Config...
General configuration items have been gathered on this menu.

Color Menus: Default is to use color menus. When de-selected a monochromatic
monitor can be used. Display Mode cannot be changed while a parts file is open.

Verbose Messages: By default TurboCNC will ask for confirmation of many actions.
Turning this option off will substantially reduce the number of confirmations required.

Clear MDI Block: Check this box if you want TurboCNC to clear the MDI block that you
entered after it executes that block. Clear the box if you want the edit box to retain the
block’s contents after executing the block.

Mouse Off During Move: The cursor is hidden by default during motion to conserve
CPU cycles. This can be turned off when TurboCNC is running on faster computers.

Home Switch is Limit. Enable this option if the Home Switches are to be used as
Limit Switches. The Home Switches should be defined only as such. During Home
moves TurboCNC de-couples these switches from their Limit function and uses them
solely as Home switches. For all other moves they will function as limit switches.

Stop on lllegal G-Code: This option is used to provide the ability to execute G-Code
programs containing instructions which are NOT IMPLEMENTED in TurboCNC. If you
check the box, TurboCNC will stop execution upon encountering an unimplemented
code and display an information box indicating the errant code. If you clear the box,
TurboCNC will simply ignore the unimplemented G-Code and continue executing your
CNC program.
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Clearing the check box and allowing TurboCNC to ignore
unimplemented codes can have unintended consequences

TIP: Examine each program which requires you to ignore
unimplemented codes and assure that you can safely ignore
those unimplemented codes.

Start Inhibit: You may designate an I/O point using Configure I/O lines which is
sensed before a CNC program is allowed to execute. You may either abort the CNC
program, or wait until the line returns to its inactive state. The default is to wait until the
line returns to its inactive state.

Block Inhibit: You may designate an |/O point using Configure I/O lines which is
sensed before a block in the CNC program is allowed to execute. You may either abort
the CNC program, or wait until the line returns to its inactive state. The default is to wait
until the line returns to its inactive state.

Sync Unit Increments: Check this box to direct TurboCNC to synchronize the indices
of the Imperial and Metric tables for the currently active axis. For example, assume that
you are working with the Imperial jog table, and that the current index value of the
Imperial table is 5 and that the current index value of the Metric table is 3. If this box is
unchecked and you change the Imperial table index to 9, the Metric table index remains
at 5. If the box is checked and you change the Imperial table index to 9, the Metric table
index also becomes 9.

Note that this check box affects only the 1-0 keys and that the J and K keys continue to
affect ONLY the currently active table so you still have a way to change the distance of
ONLY the active axis without affecting any of the others.

Sync Axis Increments: Check this box to direct TurboCNC to synchronize the index of
all axes on a given table to the value selected. Note that ONLY the indices into the
active table are set. For example, if X is the active axis, Imperial measure is the active
table, and you press the “3” key, only the X index will be changed to 3. If however, the
Sync Axes box is checked, all axis indices into the Imperial table are set to 3.

Note that this check box affects only the 1-0 keys and that the J and K keys continue to
affect ONLY the currently active table so you still have a way to change the distance of
ONLY the active axis without affecting any of the others.

These boxes work either in concert, or individually, so checking both boxes will make
the jog appear as there is only one index into both tables.

Autoload Tooling File: Default is not to load Fixture and Tool offsets when TurboCNC
starts. Enabling this option will attempt to load a tooling file from the Directory specified
by Tooloff Dir with the name TURBOCNC and filename extension specified by Tooloff
Ext whenever TurboCNC is restarted.

Imperial Precision: sets the number of digits to the right of the decimal point to which
the backlash and scale are rounded when the display is set to use Imperial units. Valid
values are 0 to 9. A value of 0 will prevent any rounding. This is only used when
changing the Native system of Measurement to Imperial.

Metric Precision: sets the number of digits to the right of the decimal point to which the
backlash and scale are rounded when the display is set to use Sl units. Valid values
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are 0t0 9. Avalue of 0 will prevent any rounding. This is only used when changing the
Native system of Measurement to Metric.

Note: Selection of too coarse a precision can cause axis scale value rounding to zero.
This is checked on entry to and exit from the axis configuration menu.

Default Feed Rate: This option provides a method of setting a default feed rate, to be
used when TurboCNC is first started.

Home Speed: A custom homing speed can be set using this option.

Reverse Axis Delay: specifies a delay in milliseconds that all axes will pause before
changing direction. Axis delay is used to compensate for machine inertia. Whenever an
axis reverses (backlash, arc quadrant, just plain reversal) the machine drives should
actually pause for a short time to allow it come to a complete stop. The classic example
is a big honkin' gantry machine with the moving mass 6' from the supports.

Arc Factor: This option provides a method of adjusting timing loops used when cutting
an arc to the speed of the computer. Values less than one increase the loop speed,
those above one decrease it. If you notice lost steps while cutting arcs decrease this
value t0 0.8 or less.

Machine: Allows be specification of the general type of CNC machine being controlled.
This setting affects how TurboCNC interprets RS-274 D Code as follows:

¢ Radius Lathe: The X axis (cross feed) is used as specified when processing a
move. This default plane is set to G18 at startup.

¢ Diameter lathe: The X axis (cross feed) is halved internally before processing
a move. Earlier versions of TurboCNC had a cryptic way of setting this via an

AxisPreScale parameter in the ini file. This default plane is set to G18 at
startup.

e Mill / Drill: This default plane is set to G17 at startup.

e Custom: Has been defined for customers wishing to incorporate special setup
procedures for their systems.

The remainder of the screen allows specification of the location and default extentions
for CNC Part Files, Fixtures & Tooling files, and the Point Cloud File.
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File Run Setup Configure Tools Help

Imperial Precision: decimals
Verbose Messages: Metric Precision: decimals
Clear HDI Block:
House Off During Move:
Home Switch 1s Limit: Default Feed Rate: IPH
Stop On Illegal G-Code: Home Rate: IPH
Start Inhibit: Reverse Axis Delay: ns
Block Hold: Arc Factor:

Sunc Unit Increments:
Sync Axis Increments:
Autoload Tooling File:

Machine: HENZDESNEN B

-—- File Type —
CHC Part File:
Fixtures & Tooling:
Point Cloud File:

F1 Help F2 Ports F3 GoTo F6 Run F7 Single Step F8 Jog F9 MDI Alt+X Exit:

Set Time Delay Values ...

Since a computer can often execute its instructions much faster than the world around it
can react, TurboCNC often pauses after changing one of the I/O points that you might
define. This menu entry allows you to tune TurboCNC'’s delays to match your hardware.

Relay Debounce: Specifies the time, in milliseconds, that TurboCNC waits for a
mechanical relay to change its state. Codes affected: M03, M04, M10, M11

Spindle Energize Delay: Specifies the time, in milliseconds, that TurboCNC waits for
the spindle to come up to speed or to slow down. Codes affected: M03, M04

Turret Index Delay: Specifies the time, in milliseconds, that TurboCNC waits to allow a
tool changer to index to the correct tool. Codes affected: M06

Collet Open Delay: Specifies the time, in milliseconds, that TurboCNC waits to allow
the collet to open. Codes affected: M21

Collet Close Delay: Specifies the time, in milliseconds, that TurboCNC waits toallow
the collet to close. Codes affected: M22

Clamp Delay: Specifies the time, in milliseconds, that TurboCNC waits for a material
clamping mecanism to engage or disengage. Codes affected: M10, M11
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File Run Setup Configure Tools Help

STOPPED
0.000600in
0.00600001in

: 0.006600in
Spindle Energize Delay {ms): :  0.000000°
Turret Index Delay (ms): Spindle: - off -
Collet Open Delay: (ms) Gear Ratio: 1  (M&O)
Collet Close Delay: (ms) Coolant A: - off -
Clamp Delay: (ms) Coolant B: - off -
HB1 break: - off -
Block del: ON
Tool: @ ABS HY
Feed: 10.0600 IPHW
G17 HNo fixture (G53)
No feed override
cle count: DBBBA

F1 Help F2 Ports F3 Golo F6 Run F7 Single Step F8 Jog F9 MDI ALt+X Exit

Configure Editor...

The editor can be configured to automatically add a block to the beginning and/or end
of your CNC part files.

First Block: An optional 'First Block' that will be included whenever a new file is created
using the 'New' choice of the 'File' menu.

Last Block: This mandatory entry will be included whenever a new file is created using
the 'New' choice of the 'File' menu. The block will also be executed if the End-Of-File is
reached before encountering a termination instruction (M02, M30) while running a file
from the editor.

Existing File Options: When checked, the First and Last blocks specified above will be

added to the beginning and / or end of a file loaded by selecting 'Open in Editor' under
the 'File' menu.
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File Run Setup Configure Tools Help

STOPPED

Please configure

Last Block:

F1 Help F3 Golo

RS 274 Dialect...
"The great thing about standards is that there are so many to choose from!"

F6 Run F7 Single Step F8 Jog F9 MDI Alt+¥ Exit

TurboCNC allows some customization of its RS-274 dialect so that variations in
programming styles can be bridged. The best practice is to use a custom post-
processor in your CAD/CAM program for each controller that you use. If this is not
possible, use these customizations instead.

GO0 Linear Rapids: By default this is on, and all rapids are linear motions with each
axis starting and stopping in unison. When it is off, each axis finishes moving as fast as
possible. Overall, it's equally fast each way. Some people use the "dog-legging" that
comes with a non-linear move to get around clamps and such.

G04 Dwells in ms: By default this is off. If you need a more precise delay, or if your
CAM program assumes that the delay for G04 is in milliseconds, turn it on.

G82, 83, 183 Dwells in ms: By default this is on. If your CAM program assumes that
the delays for G82, 83, 183 are specified in seconds, turn it off.

G33 Programmed as lead: By default this is on. If you prefer to program G33 in pitch
as opposed to lead, turn it off. Note that in metric mode the lead and the pitch are the
same.

MO06 Jog Updates Location: This is off by default. Turn this on if you wish to update
axis position while jogging during M06 Tool Changes.

M30 rewinds the program: By default this is off. If you want M30 to not only stop, but
rewind the program as well, turn this on.

GO04 Dwell Letter: Default is "P". You can set this to any letter except G, M, T, F or S.

G8x Dwell Letter: Default is "P". You can set this to any letter except G, M, T, F or S.
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G8x Release Letter: Default is "R". You can set this to any letter except G, M, T, F or
S.

G8x Peck Letter: Default is "Q". You can set this to any letter except G, M, T, F or S.

Arc IJK Offsets: Default is "INC", which stands for Incremental. There are two other
settings, which govern the way that the IJK letters are interpreted:

"ABS": UK will always be interpreted as Absolute

"FOL": |[JK will follow the current mode. In absolute mode they are absolute
values, in incremental mode they will be interpreted as incremental offsets.

The arc IJK mode is the most common point of contention between TurboCNC and
CAM programs.

'\ WINNT' System32'cmd.exe - turbocnc

File R Set C

page for special CAD/CAM compatibility.
users should leave these settings alone.

GO0 Linear rapids

GO4 Dwell letter:
G8x Dwell letter:
68x Release letter:
(8% Peck Letter:
Arc IJK offets:

——— S S

F1 Help F3 GoTo F6 Run F7 Single step F8 Jog F9 MDI Alt+H Exit

Save Configuration...

If a file with the same name as the currently loaded configuration file, with the extension
".old" exists, it will be deleted. The configuration file that was previously loaded will have
its file name extension changed to ".old' and the current configuration will be written with
the original name, in the original location. Upon completion a dialog box will appear to
confirm that the file was successfully saved.
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Save Configuration As...

[+ | WINNT', System32'.cmd.exe - turbocne

File Run Setup Tools

STOPPED
0.0000001n
0.0000001n

000001n

F1 Help F3 GoTo F6 Run F? Single step F8 Jog F9 HDI Alt+X Exit

Load New Configuration...

Upon selection a dialog box will open enabling you to select a configuration file to load.
After the file has loaded a dialog box will appear, verifying that the file was loaded
correctly and that the ports have been reset to use the loaded values. The status
display is then updated to reflect the newly loaded values.
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'\ WINNT' System32'cmd.exe - turbocnc

STOPPED
Please configure

F1 Help F3 GoTo F6 Run F7 Single step F8 Jog F9 MDI Alt+H Exit

Reset Ports

'Reset Ports' reconfigures the software to use the currently configured parallel port I/O
pin assignments. A dialog box will appear confirming that this has been done and
offering the opportunity to save the current configuration. The same software routine as
'Save Configuration As' is used.

Tools

Calculator
A simple calculator is provided to assist with setup calculations.

Help

There are a few options that provide you with access to critical documentation while
you're still in the program. All the information is the same as what's in this manual - it's
there for convenience on DOS machines that may not be able to read these files.

Introduction...

Provides an introduction to CNC machining and the fundamentals of the RS-274D
language.

G-Code Ref...

A reference of the preparatory functions supported by TurboCNC.

M-Code Ref...
A reference of the miscellaneous functions supported by TurboCNC.
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Programming...

Provides a reference on the use of the extended programming capabilities of
TurboCNCG, including variables, expressions (and the implemented mathematical
functions), conditional programming (if...then) and operator interaction (ask/say).

What’s New...
This section provides a quick overview of the new features of this version.

Shareware...

This item is a quick review of the principles behind 'Shareware’, and instructions on how
to register TurboCNC.

About...
Here's a list of the guilty parties who brought you this release of TurboCNC.
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Port Monitor

The TurboCNC Port Monitor can be used to help set up a new CNC machine or
troubleshoot problems in an existing installation. It is capable of displaying the state of
the selected parallel port as known by TurboCNC in the Passive Mode, or altering the
state of the output pins in the Active Mode.

The Port Monitor is displayed with F2, its configuration menu with Ctrl+F2, and its mode
of operation is toggled by Alt+F2. None of the Port Monitor settings are saved in the
configuration file. The default settings, and display are shown below.

File Run Setup Configure Tools Help

STOPPED
.0600801n
.06000801in

u Active Hode: || M. 006P00iNn
Display Monitor: Force full T/0: [ ] e: - off
t A: - off
Port to Monitor: Control Register Mode: : - off
(=) As Configured

{ ) Input

{ ) Qutput

10.000 IPH
Color Scheme: o fixture (G53)

d override
count: 00000

Tanore Contention: MO MUKy

Port: LPT1 {B378h) Ctrl+F2 Configure display
Mode: Passive Alt+F2 Toggle Mode
iy 3 » 6 7 8 9 18 11 12 13
29 26 23 22 21 20 19 18 17 16 15 14
F1 elp F2 Ports F3 GoTo F6 Run F7 Single Step
Monitor Lockout:

Checking this option will lockout the Port Monitor, and clear ithe display. Use of the SAY
command in a CNC program will automatically lockout the Port Monitor. Clearing the
option will re-enable the Port Monitor function. It can then be re-displayed, either by
checking the Display Monitor menu item, or with the F2 key.

Display Monitor:
This item is provided as a convenience allowing the Port Monitor to be displayed
following a lockout from this menu.

Port to Monitor:

The monitored Port (LPT) can be selected using this menu item.

Color Scheme:
Two color schemes are provided.

Logic Levels

This scheme indicates the Logic Level through use of the background. Green is a high
logic level, and brown is a low logic level. Pins that are contended (used for two or more
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I/0 devices) are shown with a red background. In this case the logic level is indicated
by the foreground color as described in Pin Usage.

Pin Usage

The background color is used to indicate the configured use of the pin. Logic levels are
indicated with the foreground color. A foreground color of green is a logic high, and
white is a logic low. The appropriate 1/0 point must be enabled to show the pin usage.
The following partial screen-shot shows the scheme:

Port: LPT1 (8378h) Ctrl+F2 Configure display
Mode: Passive Alt+F2 Toggle Mode
1 2 3 4 5 6 1 8 95

25 o4 23 22 21 28 19 18 17

Background color use is as follows:

e Red — Pin is contended (used for two or more |/O devices)
e Blue — Pinis configured for use as an output

e Cyan — Pinis configured for use as an input

e Brown — pinis not used

Ignore Contention:

This option 'gets the red out' for those deliberately sharing an I/O pin between two or
more devices. The scheme precedence for contended pin will is output (including step /
dir, phase, and single point 1/O functions) followed by input. If a pin is defined for use
with both an output and input device it will be shown as an output.

Active Mode:

When checked the Port Monitor is placed in Active Mode. The mode can also be
toggled using Alt + F2. Active Mode reads the ports, updating the display every half
second, and allows the operator to modify the output pin state of the selected port as
follows:

keys 1 to 0 toggle pins 1 to 10 respectively

keys Shift + 1 to Shift + 7 toggle pins 11 through 17

left-clicking the pin number on the display will toggle that pin

right-clicking an output pin number sends a slow (1 Hz) pulse train to that pin
Ctrl + P will output a slow (1 Hz) pulse train on the last pin that was toggled

Note: Attempting to toggle an input pin results in an error message displayed as
follows:

Port: LPT1 (B8378h) Ctr1+F2 Configure display
Hode: Active Erroc: Pin 11 is an 1 j.

—

& 9 6 3
2o 24 23 2?2 21 286 19 18 11}

The message will automatically disappear when:
10 seconds has elapsed
e an output pinis toggled
e the Port Monitor mode is changed

An output pulse train of 1 Hz is toggled on or off, at the last pin that was toggled,.using
Ctrl + P. The pulse train can also be sent to an output pin by right-clicking it. The pulse
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train is halted by toggling the function using Ctrl + P, or toggling another output pin with
either the keyboard or the mouse. This feature can be used for cable identification,
testing relays and indicators, or other fault-finding purposes. Pulse trains with higher
frequencies can be generated in Passive Mode by defining an axis with its step pin set
to the desired output, and using MDI to move the axis.

Active Mode is automatically changed to Passive Mode upon any of the following
conditions:

e any attempt is made to execute RS-274 code
(including internal codes executed by TurboCNC)
the Port Monitor is locked out
the Mode is changed
the Port Monitor display is turned off

In Passive Mode TurboCNC normally only reads the ports as required to execute RS-
274 code. Enabling the Port Monitor forces the ports to be read every time a block is
executed. To force a port read and Monitor update without running a CNC program,
bring up the MDI and hit 'Enter' each time you want to update the display.

When switching to Passive Mode, the ports are set back to their configured states and
reset if required.

Force Full I/O:

Available only in Active Mode, this option forces TurboCNC to write to, and read all
registers on all of the ports. During normal operation, and with the Port Monitor in
Passive Mode, TurboCNC reads from and writes to only the ports and registers within
the ports required by the current configuration. When switching to back Passive Mode,
this option is deselected, and the ports reset if required.

Control Register Mode:

Available only in Active Mode, this option switches the mode of the control register pins
(1. 14, 16,17) on all ports to the selected mode. Use caution when changing this option
as improper use can damage your Printer Port or any connected devices. It is highly
recommended that the CNC machine be physically disconnected from the port before
changing this option. The background color for the pins will change to reflect their
selected use if the Pin Usage color scheme is active. When switching to back Passive
Mode, the pins routed through the control register are set back to their configured state,
and the ports reset if required.

Disconnect your CNC machine before changing this option.

Failure to do so can damage your Printer Port or any connected
devices.

TurboCNC Configuration File

The TurboCNC configuration file, also know as the ini, provides a means of saving the
program's state between runs. As its name implies all configuration information is stored
in this file.
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TurboCNC attempts to load a configuration file from the same directory as it is in, with
the same name as the program. If the name 'turbocnc.exe' has not been changed, it will
try to load 'turbocnc.ini', but if the name were changed for example to 'tcnc4.exe’, it
would attempt to load 'tcnc4.ini'.

If the configuration file is specified as the first parameter on the command line,
TurboCNC will attempt to load the file specified. This is very useful if more than one
CNC machine can be connected to the computer. Configuration files can be created for
a lathe and a mill. The desired configuration can then be loaded by entering 'turbocnc
lathe.ini' or 'turbocnc mill.ini'.

Although the configuration file can be edited using any text editor, including the file
editor built into TurboCNC this is not recommended. The menu system should be used
to modify the configuration file. If the currently loaded configuration file is edited, new
configuration must be loaded using the menu item 'Configure / Load New
Configuration', before exiting or the new values will be overwritten.

There are a few special parameters in the .ini file that are not accessible through the
menu system, mainly obscure commands and setup options. These are:

UsePentiumTimer=NO Change this to YES to use the Pentium timer mode
instructions. This can give you a significant performance increase (a factor of 4 in
maximum pulse rate is typical) on a Pentium machine. By default, this is in compatibility
mode. Note: The Pentium Timer currently cannot be used if TurboCNC has been
compiled in the 'Protected Mode'. If set to "YES' in the configuration this will be reset to
'NO' during protected mode startup for safety reasons.

[Jog_KeyBoard] Add this section to the cofiguration file if keys should be mapped to
another keycode during jogging. The primary purpose of this capability is to allow
compensation for foreign language keyboards. It can also be used to switch jog
functionality to another key. The labels on the Jog menu are NOT changed through use
of this capability.

MappedKeyxxx=kkk:ddd is the format for entries under this section. The parameters
are:

xxx  —anumber between 0 and 127, duplicates are not allowed. The
keycode for the pressed key will be substituted when the file is re-
written (saved).

kkk - The key that is pressed. This may be either the name from the table
below, or a numeric keycode between 0 and 127.

ddd - The numeric keycode or name from the table below of the key that is

to be substituted for the pressed key.

Note:
e Parameters kkk and ddd will be changed to the key's name from the table below
if one is available when the configuration file is saved.
e Use the -Debug command line switch to detect invalid key names. The Keys
being mapped will be reported in the debug file along with any mapping errors.

Name Code Name Code Name Code Name Code
kyA 30 ky0 11 kyAlt 56 kyLeftArrow 75
kyB 48 kyt 2 kyAsterisk 55 kyLShift 42
kyC 46 ky2 3 kyBackSpc 14 kyMinus 12
kyD 32 ky3 4 kyBkSlash 43 kyNumLock 69
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kyg 18 kyd 5 kyCalch 76 kyPeriod 52
kyF 33 ky 6 kyCapsLock 58 kyPgDn 81
kyG 34 ky6 7 kyColon 39 kyPgUp 73
kyH 35 ky7 8 kyComma 51 kyPlus 13
kyl 23 ky8 9 kyCitrl 29 kyQuote 40
kyJ 36 ky9 10 kyDel 83 kyRbracket 27
kyK 37 kyDownArrow 80 kyReturn 28
kyL 38 kyEnd 79 kyRightArrow 77
kyM 50 kyEsc 1 kyRshift 54
kyN 49 kyFwdSlash 53 kyScrollLock 70
kyO 24 kyGrayMinus 74 kySpacebar 57
kyP 25 kyGrayPlus 78 kyTab 15
kyQ 16 kyF1 59 kyHome 71 kyTilde 41
kyR 19 kyF2 60 kylns 82 kyUpArrow 72
kyS 31 kyF3 61 kyLBracket 26

kyT. 20 kyF4 62

ky 22 kyF5 63

kyV 47 kyF6 64

kyWw 17 kyF7 65

kyX 45 kyF8 66

kyY 21 kyF9 67

kyZ 44 kyF10 68
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Command Line Options
The format of TurboCNC's command line is as follows:

turbocnc [inifile] [-tools toolfile] [-run partfile]
[-m] [-quick] [-nopos] [-debug]

No options are required on the command line in which case TurboCNC will attempt to
load the default configuration (.ini) file, and the default tool file (if specified in the
configuration file).

The options are:

inifile avalid configuration. TurboCNC will load this file and configure itself as
specified. This is very handy for individuals using their computers to control
several different systems (one at any one time) or with multiple configurations for
the same system. The file must have the extension .ini.

—-tools toolfile will attempt to load the specified tool file containing tool and
fixture offsets.

-run partfile skips all menus and starts machining the part.
-m starts TurboCNC in the monochrome mode.

—quick skips the wait for keypress at the end of the startup screen, and
proceeds directly to the main menu.

-nopos prevents TurboCNC from saving the positions and backlash sense of
the axes when you exit the program, thus the old positions will be preserved.
This is useful for those performing tests that run the parts file without a machine
connected.

—-debug writes debugging information and error messages to the debug.txt file
located in same directory as TurboCNC.

NOTE: all files can be specified in file name (turbocnc.ini) or path/file
(c:\enc\turbocnc.ini) format. The filenames are limited to the DOS 8.3 format. See
your operating system's instructions for the DOS 8.3 equivalent if you use
programs that generate long file names to prepare your G-Code.
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Part 3 — RS 274 Programming Guide

Introduction

An RS 274D program consists of lines of code. Each line is referred to as a Block.
Blocks consist of a series of Words that define the operation to be performed. Each
Word consists of an OpCode that specifies what the word refers to, and an Operand
with the details. OpCodes are normally alphabetic, and operands are numeric.
Beginning with release 4.0, TurboCNC allows variables or expressions to be used as
the Operand of a Word.

Comments are used within RS 274 programs to make them easier for humans to read
and maintain. Comments may be enclosed in brackets, or placed at the end of a line
preceded by a semicolon. (Note: The TurboCNC parser will allow comments
surrounded by brackets to be inserted between the OpCode and Operand of a Word.
This practice is NOT recommended.)

Sample Program:
; This is a comment, preceded by a semicolon

(This is also a comment, surrounded by brackets)
M0O3 F5.0 ; This Block consists of two words

MO5 ; OpCode = ‘M’, Operand = ‘05’

MO3 F5.0 ; ‘F’ Operand specified as a value

MO3 F#3 ; ‘F’ Operand specified as a variable
MO3 F[6/2] ; ‘F’ Operand specified as an expression
MO02 ; End of Program

TurboCNC Parser

It is important to note that TurboCNC parses a line from left to right, resolving variable
names and expressions as it encounters them. It ceases parsing the line upon the first
error that it encounters. Parsed data is then stored in a line data structure.

Data is retrieved from the line data structure by the execution sequencer. The sequence

is as follows:
e ‘M Words
e ‘T"Words
e ‘G’ Words (includes ‘F’ words for G00-03, 28-32, 50, 76-78, 81-83, 178, and
G183)
e ‘S’Words
e ‘F"Words

All words in each group are executed in the order received (left to right from the block)
prior to moving to the next group.

General rules:

e More than one G or M word per block can be used, as long as there are no
shared parameters.
N words are ignored except when using jumps or subroutines.
When using subroutines (see M98, M99), a unique N word is required on both
the calling line and the return line.

e G, T, and F words are modal in general, with some exceptions.

e |, J, and K words for circular interpolation are incremental by default. This can
be configured if your CAM program requires an alternate convention.
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e Circular and helical interpolations are called using |, J, and K, or R notation, for
any combination of axes. The plane selector (G17-19) should be called
beforehand.

All moves involving more than one axis are interpolated, even in rapid. On some mill
controls, the Z-axis will always retract first before moving X and Y. Not so for this
program.

Angular axes are always driven in degrees modulo 360. For example, if a table is at
10deg and you command it to 350deg, it will go around "the long way". If you
commanded it to -10deg instead, it will zip over to -10deg "the short way" and then
report the current position as 350deg. Commanding a +720deg incremental move will
index the table around two full revs, but the coordinate will remain unchanged since it is
always set to somewhere between 0 and 360 only.

If you use IPR feeds through a G95 call, use the S word to set the spindle speed in
RPM from which the feed rate will be calculated first. Alternately, call M50 to read the
spindle speed if you have an encoder configured. The code to control the spindle
directly from the computer is "empty" - this is so the users can add it themselves.

Metric distances, feeds, etc, are in mm and mm/min or mm/rev as appropriate.

Dwells are programmed in integer seconds by default, using the P word. This is
configurable. Exception: The dwells for G82, G78, and G83 are in milliseconds.

The feed rate in an interpolated move is based on the actual distance covered by each
of the linear axes involved. If there are none, then the first angular axis on the list is
assigned the feed rate (degrees/sec).

If you hit ANY limit switch, the machine won't move again until you either disable the
switch, or use Jog mode to back away. These are for preventing "going off the rails"
only - use the home switches for calibrating the machine.

When block delete is active, a line with a "/" as the first character is skipped. Any word
in a line that is preceded by a "/" is not executed. For example

G0l X1.234 F5 /FO0.5

In block delete mode, the F5 is read as the feed rate and the second F word is ignored.
In normal mode however, the F0.5 will override F5 on this line, and so the feed rate will
be much slower.
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OpCodes

OpCode is the term used when referring to a code that could refer to either a function or
address.

Code Meaning

Preparatory function

Miscellaneous function

Line (sequence) number

Feed rate

Interpolation parameter parallel to X axis, infeed parameter, 1st axis
Interpolation parameter parallel to X axis, 2nd axis
Interpolation parameter parallel to Z axis, thread lead
Tool offset select

Arc radius, release plane

Spindle speed

Assignment Operator / Numeric Variable Name
Canned cycle peck increment

Line Number for M98 Subroutine Call and M97 Jump
Dwell duration

TV|IO|IOHF || D|H|X[<[TITZIZ|D

Operands

Dimension, sequence or other data following an OpCode is jointly referred to as
Operand. The ability to use values, expressions or variables as operands greatly
enhances the capabilities of TurboCNC.

Values

Simply put - values are numbers. While parsing a line, TurboCNC interprets any
Operand that begins with a numeral from 0 to 9, a period, a plus sign ‘+’, or a minus
sign *-* as a value.

Expressions

An expression is a series of values and variables along with the operations and
functions that must be performed on them to determine the operand. Expressions must
be enclosed within square brackets, and may not be nested. (An expression may not
contain sub-expressions; instead brackets are used within expressions to change the
order of operations and indicate the parameters to be passed to a function.

Variables

Variables are values stored by TurboCNC, named with a pound sign ‘# followed by an
Integer from 1 through 9999. Variables with names of #1 through #999 are persistent,
meaning that their values are stored in the configuration file upon exiting TurboCNC
and re-loaded when TurboCNC is restarted. Variables with names from #1000 through
#9999 are transient. These values are not restored when TurboCNC is restarted.

Variable names may be specified as values, variables, or expressions, and are resolved
prior to retrieving the value. This allows advanced users to implement data structures
such as arrays.

NOTE: Expressions and variables are not allowed as operands for the 'G', 'M', 'N', or 'T'
OpCodes, instead these must be expressed as values.
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Conditional Execution

The addition of the IF statement to TurboCNC, combined with variables and
expressions has added the rudimentary programming capability of RS-274 D. Examples
where this ability can be used to advantage are:

e cutting a contour in multiple passes — until you are through the material

e change feed rates when cutting a part out of different materials
e manufacturing the part held by only some of the fixtures of a complete setup

Preparatory Functions (G-Codes)

Supported Preparatory Functions

Code Function Code Function

GO0 Rapid positioning G70 Inch units

GO1 Linear interpolation G71 Metric units

G02  CW circular interpolation (3D) G72  CW helical interpolation (obsolete)
G03  CCW circular interpolation (3D) G73  CCW helical interpolation (obsolete)
G04  Dwell G76  Multi-pass threading cycle
G16  Set implicit planes (obsolete) G77  Turning/Boring cycle

G17  Set XY plane G78  Peck motion (general)
G18  Set XZ plane G80  Cancel canned cycle

G19  Set YZ plane G81 Drill cycle

G20  Inch units G82  Drill cycle with dwell

G21  Metric units G83  Drill cycle with peck

G28 Home all axes G90  Absolute coordinates

G31 Probe move G91 Incremental coordinates
G32  Probe cycle G92  Preload of registers

G33  Single pass threading G93 Inverse time feed rate
G50  Probe hole ID G94  Inches/mm per minute
G53  Master coordinates (fixture Q) G95  Inches/mm per rev

G54  Fixture offset 1 G97  Set spindle rpm

G55  Fixture offset 2 G178 Speed peck motion

G56  Fixture offset 3 G183 Speed peck drill cycle

G57 Fixture offset 4

G58 Fixture offset 5

G59 Fixture offset 6

Table —1 Preparatory Functions, which are or have been supported by TurboCNC.
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GO00 Rapid Positioning
Function: Moves to a new position as fast as possible.

Syntax: GO0 [axis words]

Example:
GO0 X1.2 Y0.3 ; Moves to (1.2, 0.3)

Notes:

Only the axes called out on the line will be moved.
In a minor departure from the Standard, GO0 is interpolated by default so that
axes start and stop in unison and that a straight line is tracked between both
positions. See the configuration section on how to change this.

¢ In Absolute Mode the coordinates given are absolute axis positions.

¢ In Incremental Mode the coordinates given are signed distances from the
current positions.

e The absolute maximum speed is software limited to 2000 inches per minute (50
800 mm/min in metric) regardless of the physical limitations of the machine.

e The actual speed and ramping action of motion is chosen so as not to exceed
the least capable moving axis.

GO01 Linear Interpolation
Function: Moves to a new position linearly at some feed rate.

Syntax: G01 [axis words] [optional feed word]

Example:

GOl X1.2 Y0.3 F3.0 ; Moves to (1.2,0.3) at 3 units/minute
Notes:
The feed rate is calculated as follows by the program:

e Asingle linear axis feeds in units/minute or units/revolution depending on active
modes. In G93 mode (inverse time feed rate) each move takes a constant
amount of time to complete.

A single angular axis feeds in degrees/second.
Multiple linear axes feed according to the "true distance" of the move in
units/rev or units/minute.

e Multiple angular axes feed in deg/sec for the first axis on the line, all others
follow such that they start and stop in unison.

e Mixed angular and linear axes follow the rules for linear axes only, the angular
axes will follow such that they start and stop in unison.

e No axis will ever go faster than the max speed established in setup.

e The Feed Rate Override modifies the feed rate, if enabled.

e Feed words are modal. If there is no feed word in the current block, the last
feed word read will be used.

GO02 CW circular interpolation (3D)

Function: Moves to a new position in a clockwise circular arc. The arc center is
specified with signed offsets from the start position or implicitly by the magnitude of the
radius.
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Syntax 1: G02 [two axis words (optional third)] [interpolation parameters] [optional feed
word]

Syntax 2: G02 [two axis words (optional third)] [radius word] [optional feed word]

Example 1:
G1l7 (plane XY specified for clarity)
GO0 X0 YO (get into start position)

G02 X2 YO I1 J0 F4

Moves from the current point to
(0,0) in an arc with its center at the
current point + 1 unit in the X
direction at 4 units/minute. Absolute
mode assumed. The "I" parameter
is associated with the "X" axis, and
the "J" parameter is associated with |

the "Y" axis. %=0 lx-0+1 Ix=2
v=0 Y=0+J Y =0
Start Center End
G1l7 (plane XY specified for clarity)

GO0 X0 YO Z0 (get into start position)
G02 X2 Y0 zZ1 I1 JO Fr4

This generates the same arc as above, but adds linear movement along the Z-axis thus
producing a helical cut.

Example 2:

G17 (plane XY specified for clarity)
GO00 X0 Y1 (get into start position)
G02 X1 YO R1 F4

Moves from the current point to (2,0) in a %=0
clockwise arc of 1 unit radius less than 180  ¥=!
degrees at 4 units per minute. Again, SR

absolute mode is assumed. R=1
Radius
lx =1
Y =0
End
G1l7 (plane XY specified for clarity)

GO0 X0 Y1 Z0 (get into start position)
G02 X1 YO0 z1 R1 F4

This generates the same arc as above, but adds linear movement along the Z-axis thus
producing a helical cut.

Notes:
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| and J are incremental by default. (NOTE: In rev 3.00g and prior, the | and J word were
absolute in absolute mode, incremental in incremental mode. This is no longer the
case. See the dialect customizations section above for information on how to change
this)

Using a negative radius chooses the arc greater than 180 degrees that crosses both
points, a positive radius takes the arc that is 180 degrees or less. The program will stop
with a warning if you have a radius that is impossible. The R form is notoriously
inaccurate for arcs very close to 180 degrees.

The sense and 2D plane of the arc is set by the current plane mode. Axis words
appropriate to the plane must be included i.e.:

e G17 - XY plane, Xand Y [offsets |, J] [linear Z axis]
e G18-ZXplane, X and Z [offsets |, K] [linear Y axis]
e G19-2ZY plane, Y and Z [offsets J, K] [linear X axis]

The order of parameters on the program line is not important. Use the | word for offset
in the X direction, J for offset in Y, and K for offset in Z to describe the relationship of
center position from the starting point. See the plane selector information section for
more detail.

Start, destination and offset information for arcs can be specified using expressions, For
example:

GO02 X[3.5 + COS(135)] Y[4
]

SIN
I[3.5-(2.5 * COS(135)) .0—(

.0+ (135) ]
Jl4 2.5 * SIN(135))]

This block assumes absolute mode for IJK, and has been split over two lines on this

page. The arc lies on a circle with its center located at (3.5, 4.0), has a radius of 2.5

units, and the block will cause movement describing an arc clockwise from the current

position to 135 degrees.
Full Circles:

If the destination letters are omitted, or, the distance between the start and end points
of the arc is less than one full step for each axis on the plane, a full circle will be
described by the tool motion. You must specify the move using the IJK form when
omitting the axis end points for a full circle move, as the R form is indeterminate for
these cases.

Feed rates in an arc:

Feed rates are applied along the helix (i.e.: cutter path) during a three dimensional
move.

If the specified feed rate is higher than either the computer, or the CNC machine, is
capable of achieving the feed rate will then be clamped at the system's maximum
capability. The feed rate is clamped at the lower of that specified by Mav Vel, or that
sustainable by the acceleration available at the axes. The formula used to determine
the maximum feed rate based on acceleration is dependent upon the radius of the arc
and is computed as follows:

f = sgrt((Accel * Radius) / sqrt(2))
Accel is the product of Accel and Scale on the axis menu

The following chart shows the effect of radius on the maximum feed rate for various
accelerations.
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G03 CCW circular interpolation (3D)

Function: Moves to a new position in a counter-clockwise circular arc. The arc center is
specified with signed offsets from the start position or implicitly by the magnitude of the
radius.

See the section on GO2 for general information on this code.

GO04 Dwell

Function: Pauses execution for an integer number of seconds
Syntax: G04 [P word]
Example:

G04 P6 ; Six-second pause

Notes:

The P symbol and units of integer seconds are used. See the customization section for
instructions on how to change the unit of time to milliseconds.

Any delay of more than 2 seconds will show a countdown.

Press a key to exit a delay prematurely.

Never use G04 dwells and your hands as a tool-
changer. It takes longer than you think... Use M0O or
MO06 instead.
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G16 Set implicit planes

Obsolete Function: Set circular and helical interpolation plane to be defined implicitly by
block

Background:

The original TurboCNC through rev 3.1a allowed an implicit plane specification in which
the first two axes called out on a G02/03 line became the plane of action for the
interpolation. In this mode, only the | and J parameters were used. The "I" offset was
applied to the first axis on the line, the "J" axis to the second. This affected G02, GO3,
G72, and G73. For the helical moves, the third axis was always the direction of linear
travel.

The idea here was to allow unusual interpolation schemes to be used on machines with
many axes or non-conventional axis names.

This code is no longer supported! Use the conventional plane selectors (G17 through
19) for defining arc planes in new programs.

G17-19 Set current 2D plane
G17 Function: Sets plane for circular and helical interpolation to X-Y.

G18 Function: Sets plane for circular and helical interpolation to Z-X.
G19 Function: Sets plane for circular and helical interpolation to Z-Y.
Syntax: none

Notes:

The rule for planes and how to determine
the sense of CW vs. CCW is (from the Z
Standard):

"Arcs shall be CW or CCW as viewed in {
the negative direction of the out-of- plane

axis in a standard right hand axis

system.”

Translation: For mill users, if +X is e ~7/
rightward and +Y is toward the back of 4
the machine (tool motion relative to the
work!) and +Z is up, then as you look
down (-Z) at the table in G17 mode, arcs
will look CW or CCW as you'd expect.

For lathe users, if +Z is away from the headstock, and +X is increasing diameter, then
in G18 mode CW/CCW will look reversed if you look down at the slide. This is because
in this right hand system, -Y is looking up.
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G20 Inch units
Function: Sets distance unit to inches.

Syntax: none

Notes:

All coordinates and feed rates will be in inches after this command is executed.
G20 and G21 are identical to G70 and G71.

Saving the .ini file while in either mode makes it modal on startup.

G21 Metric units

Function: Sets distance unit to mm.

Syntax: none

Notes:

All coordinates and feed rates will be in millimeters after this command is executed.
G20 and G21 are identical to G70 and G71.

Saving the .ini file while in either mode makes it modal on startup.

TurboCNC stores and uses all values in Imperial measure internally. This will cause
very small conversion errors (> 0.00001 inch or 0.000004 mm) to show up on the
display in Metric mode.

G28 Home all axes
Function: Drive each axis with a home switch to re-establish position.
Syntax: G28 [optional feed word]
Notes:

Each axis with a home switch will be driven to the home position where its coordinates
will be reset. G28 is often used to recalibrate your machine during long cycle times
where temperature creep or other position loss sources are a factor.

An axis must have a physical home switch to be "homed" in this context.
The mechanism is as follows:

e Each axis with a home switch moves simultaneously in the home direction.

e As each home switch goes active, each axis will stop

e When they are all on their switches, each axis will simultaneously move in the
opposite direction
As each home switch goes inactive, each axis will stop again
Each axis position is re-established as configured in machine coordinates

The speed of the homing action is set by the modal F word and current feed mode.

It is not necessary to be in machine coordinates to initiate homing.
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If no axis has a home switch, an error warning will be issued.

G31 Probe move

Function: Move to a position until the probe input goes active
Syntax: G31 [axis words] [optional feed word]
Example:

G31 z-4.0 F10
Move to Z -4.0 at 10 IPM, until the probe input goes active.
Notes:

The move works in a similar fashion to GO1. If the probe hits something, the machines
stops and write the position to the file POINTS.DAT in the same directory as the
executable.

If nothing is hit, the move ends at the position specified and no data is written.

Use G31 to get off of the part again if you need to, the program only accepts the
inactive to active transition as valid input.

Note that if you move twice in the same direction with G31 or
any other codes, you can smash your probe! Good practice is
to design your probe with built in over travel that activates the
panic stop input if exceeded.

G32 Probe cycle

Function: Repetitive probing to digitally scan a 2D or 3D surface

Syntax: G32 [axis bound 1] [bound 2] [optional bound 3] [discretization] [optional feed
word]

Example:

GO0 X0 YO Z0 ; get into position
G32 X1 Y1 Z-1 I0.250 F10

Moves X from 0 to 1 by .250 increments, each time moving Y from 0 to 1 by 0.250
increments. Z will plunge from 0 to -1 and back to 0 again, stopping and writing the
position to disk for each probe strike on the downward stroke. Absolute mode assumed.

Notes:
e Thisis 2 or 3-axis general, so the last axis cycles the most and the first axis only
once through a number of points determined by the discretization distance. You

need at least two axes moving to scan. Using a single axis will move in the
same way as G31.

e The digitizing scheme is of the "bed of nails" variety, e.g.: straight up and down
in the last axis on the line.
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e The output is written to a scan file in the same directory as the executable, with a
filename of SURFSCAN.DAT.

Rounding error may prevent the last row or column
from being scanned. Add a small amount to the
bounding distance to avoid this:

G32 X1 Y1 Z-1 I0.250 F10 ;X1,Yl ;may or may not be reached
G32 X1.001 Y1.001 Z2-1 I0.250 F10 ;This is better

G33 Single pass threading
Function: Makes a single threading motion in sync with the spindle.

Syntax: G33 [axis coord] [lead parameter]
Example:
G33 Z-1.25 K0.050
Assuming inches and absolute mode, this threads 20 TPI to a shoulder at Z = -1.25
Notes:

A spindle index pulse must be enabled and present for this to work. See the section on
hooking up a spindle encoder for details on how to do this.

The program will time-out after 5 seconds of spindle pulse inactivity. Similarly, the
operation will be halted if the speed detected at the spindle is greater than 5000 rpm.
This offers a measure of protection against the failure modes of signal noise, signal
loss, or stalls.

K is the lead parameter for the Z-axis, | is for X, and J is for Y. See the dialect
customization section if you want to specify pitches instead or change K for some other
letter.

Multiaxis Operations: You can thread up to three axes simultaneously for tapered
threading or unusual machining situations like gear hobbing. The lead and distance
should work out to an equal number of revolutions for each. An axis with no lead
specified will move at the regular feed rate.

Allow a few revs of "lead in" for the axis to synchronize. You need a lot of acceleration
to keep up with the changes in velocity. If the axis falls behind and can't keep up, the
program will stop and warn you.

The synchronization is always from the start point for each pass, so for multi-start
threads, offset the start position by some fraction of the thread lead. For 30 degree
infeed, change the start position on each pass along a 30 deg vector.

See also G76, multi-pass threading.

G50 Probe hole ID
Function: Finds the center of a hole using a touch probe

Syntax: G50 [optional feed word]

Notes:
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Put the probe inside the hole approximately in the center, and call G50 from within a
program or the MDI window.

This is an orthogonal six hit probing algorithm - clock positions struck are 12,6,9,3,12,6
in the XY plane as you normally view the part on a mill. You must have a touch probe
installed and the probe input configured for this to work. Hole probing is always in the
XY plane.

The speed of G50 probing is given by the modal feed word and mode.

Watch out for keyways and similar things that can throw you off. Use this command for
auto-setting boring operations or fixture locating where some part-to-part variation is
expected and you need to locate to a hole center exactly.

G53 Change to master coordinates
Function: Change to master coordinates, also known as fixture 0.

Syntax: none
Notes:

In master coordinate mode, no fixture offset is active. If tool 0 is set as well, you are in
Machine Coordinates. These are the coordinates that are active while homing, and in
setting up feed screw error compensation.

At startup, you are in machine coordinates by default. No offsets are active in machine
coordinate mode.

G54-G59 Change fixture offset
Function: Change to a new fixture offset, from 1 (G54) to 6 (G59)

Syntax: none
Notes:

When the fixture offset is changed, all the tool offsets follow. Machining in a new offset
mode is like having "zero" in a new place on your machine.

The coordinates you see on the screen are the master coordinates + the fixture offset in
use + the tool offset in use. Tool 0 is no tool offset, G53 is no fixture offset.

The most common use for these is multiple fixtures on the same table. For example,
home the machine in G53. Your usual 6" vise can be "zeroed" in G54 mode, and the
center of a 5C collet vise, say, can be zero in G55. Changing modes puts you in a new
coordinate system painlessly and allows different classes of parts to be machined on a
large table.

G53-59 are modal. A fixture offset stays in effect until a new one is commanded.

G70 Inch mode
Function: Sets distance unit to inches.

Syntax: none

Notes:
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Same as G20.

G71 Metric mode
Function: Sets distance unit to mm.

Syntax: none
Notes:

Same as G21.

G72 CW helical interpolation
Obsolete Function: Was similar to G02, but allowed a third axis to travel linearly as well.

Background:

Originally (through version 3.1a), TurboCNC used G02 and GO03 as strictly 2D arc
functions, and a separate G word for helical interpolation. This was unnecessary, and
violated the Standard.

This function is no longer supported. Use G02 with a third axis callout instead.

G73 CCW helical interpolation
Obsolete Function: Was similar to GO3, but allowed a third axis to travel linearly as well.

This function is no longer supported. Use G03 with a third axis callout instead.
G76 Multi-pass threading
Function: Machines an OD or ID thread completely on a lathe.
Syntax: G76 [X coord] [Z coord] [K height] [D first pass] [F lead] [A tool nose angle]
Example:
G76 X-0.210 Z-1.25 K.040 D0.003 FO0.050 A6O

Assuming inches and absolute radius mode, this threads 1/2-20 TPl UNF to Z = -1.25
completely.

Notes:

The starting point is returned to after each pass. The X location of the starting point
determines the back out distance after each cut it complete.

The A word specifies the included tool nose angle, which is customarily 60 degrees for
common threads. The tool will automatically feed on an angle of 1/2 A. If A is not
specified, it defaults to 0, which produces a radial infeed.

K, D and F are always positive, regardless of the actual orientation or "hand" of the
thread.

Each successive pass will remove the same area of material as the first pass did, in
order to equalize the torque load. This is standard, and helps to improve the finish.
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G77 Turning/Boring/Milling Cycle
Function: Turning with multiple passes, infeeding by an amount set by the | word.

Syntax: G77 [repetitive axis] [infeed axis] [feed per pass] [optional feed rate]

Example:
G77 7Z-1.250 X0.250 I0.050 F5.0

On a radius programmed lathe that cuts to an X coordinate of 0.250, back and forth in Z
from current position to -1.250, feeding in 0.050 each pass and cutting at 5 units/min.
Here's the actual motion sequence for on the above, assuming the tool started at 0,0:

X0.050 slowly
Z-1.250 slowly
X-0.025 slowly
Z0 rapidly
X0.100 slowly
Z-1.250 slowly
etc...
Notes:

The order of the operands defines the motion. The back-and-forth action will occur from
the current position of the first axis on the line to the position specified. The second axis
called out will eventually reach the position specified by feeding in increments of | each
pass.

The sign of | is unimportant. Always use | for the infeed, no matter what other axes are
being used.

Infeed is applied to the second axis on the line. Creative use of this command can be
made for fly cutting / slab-milling or cutting deep blind slots on mills or trimming the
edges of stock.

After each pass, the control "backs off" by 1 1/2 times the infeed. So if you're boring,
make sure you have enough clearance for the bar.

If the infeed doesn't divide into an even number of passes, a small finishing pass will be
taken.

G78 Peck Motion Cycle

Function: Feeds to a position on an axis, incrementally in "pecks" with a full rapid
retract.

Syntax: G78 [axis of action] [peck distance] [optional feed word] [optional dwell]
Example:
G78 Z-2.000 I0.100 F2.0

Moves from the current position to Z=-2.000 at 2 units/min 0.100 units at a time (retracts
to original Z each time).

Notes:

The sign of | is unimportant, but this code is always used with |, regardless of the actual
letter for the moving axis.
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If you put in a dwell parameter with the P operator, a dwell in milliseconds will be taken
at the end of each pass.

G78 z-2.000 I-0.100 F2.0 P10O

does the same as the previous example, but with a tenth of a second dwell at the
bottom of the hole. This helps the tool life considerably in some cases. After each peck
and retract, the tool will rapid to 10% of the peck increment before the last stop, and
then feed in again. The letter and units used for the dwell are the same as for the G8x
cycles if user configured.

This command is single axis only.

A good use of this code is "peck turning" plastic on a lathe to keep the chips short.

G80 Cancel drill cycle
Function: Cancel canned drill cycle

Syntax: none
Notes:

It's good practice, but not strictly necessary, to put this code after a series of the G81,
G82, or G83 drill cycles. It clears the canned cycle variables from memory.

Some CAM programs automatically generate this code after every series of drilled
holes.

G81 Dirill cycle
Function: Drill a hole on a 3-axis mill

Syntax: G81 [axis words] [release plane] [optional feed word]
Example:
G81 X1 Y1 2-0.75 F2.0 R0.25
The following will occur. Absolute mode and inch units are assumed.
Rapid to R plane if Z is less than 0.25 absolute
Move the table to the XY position (1,1) specified; holding Z at the point it was before.
Feed the Z-axis to -0.75 at 10ipm.
Rapid the Z-axis to 0.25 (the release plane)
Notes:

This is the canonical RS-274D drill cycle. Drills a hole at a specific XY position, to a
depth Z at the current feed rate, and retracts to a release plane "R".

To drill another hole just like the first, just input the XY position on the next line:
G81 X1.5 Y1.25

This second hole will be done the exact same way was the first, but at the new position
of X=1.5 and Y=1.25.
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Release plane: If the R plane is between the current Z position and the bottom of the
hole, the control will rapid to the R plane after moving XY and before drilling. If the R
plane is "above" where the drill is in Z at the start of G81, the control will rapid to the R
plane first before moving XY. This affords maximum safety without overly compromising
speed.

Note that R is absolute in absolute mode, incremental in incremental mode! All the
other parameters behave similarly.

All of the coordinates (XYZR) need to be called out on the first G81. These will "stay in
effect" thereafter until G80 is called (modality). So, if you have a series of holes that are
all to the same depth, you can use this:

G81 X1 Y1 Z-0.75 F2.0 R0.25 ;First hole

G81 X2 Y2

G81 X3 Y2

X2.5

G80 ;Four holes were drilled at (1,1) (2,2) (3,2) and (2.5,2)

These cycles ignore the plane selector as per the Standard. The drilling always occurs
in Z, the positioning in XY.

G82 Dirill + Dwell cycle
Function: Drill cycle with dwell at the bottom of the hole

Syntax: Similar to G81, but requires a # parameter for the dwell at the bottom of the
hole in milliseconds.

Example:
G82 X0 Y0.5 Z-1 F10 R0O.25 P250

Drills at coord (0,0.5) to a depth of Z=-1 at 10 IPM. Dwells for a quarter second, and
then retracts to Z=0.25.

Notes:

Dwell is in milliseconds for this code by default. This can be customized to seconds, or
some other letter chosen besides P for CAM compatibility.

G83 Peck drill cycle
Function: Drill with a pecking action and an optional dwell

Syntax: Similar to G81/82, but requires an | parameter for the peck increment when
drilling.

Example:

G83 X0 Y0.5 Z-1 F10 R0O.25 Q0.100 P250
This is the same as the G82 example above, but the drill will descend at the 10 IPM
feed rate in 0.100 inch pecks with a rapid retract to the original Z. The drill rapids down
to 10% of the peck distance above the bottom of the hole before feeding again to
minimize "air time".

Notes:
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The dwell parameter (P) is optional with G83 as a convenient departure from the
Standard. The above example will dwell a quarter second at the end of each peck. The
dwell is in integer milliseconds by default.

The sign of Q is unimportant. The letters P and Q, and the dwell units are customizable.

G90 Absolute coordinates
Function: Set coordinates to absolute mode (default).

Syntax: none
Notes:

In absolute mode, all axis words and many parameters refer to an absolute coordinate
position.

G90/91 are modal. Either mode will stay in effect until the other is called.

G90 is the default mode at startup.

G91 Incremental coordinates
Function: Set coordinates to incremental mode (offsets from current position)

Syntax: none
Notes:

In incremental mode, all axis words and many parameters are a signed offset from the
current position.

G90/91 are modal. Either mode will stay in effect until the other is called.

G92 Preload of registers/Set machine coordinates
Function: Set position without motion

Syntax: G92 [axis words]
Example:

G92 XO ;Zeroes X axis
G92 X0 YO Z0 ;Zeroes the principle axes on a mill
G92 Z7Z1.234 ;72 1is now set to 1.234

Notes:

This code sets the position of any or all axes to a specific value. Use this to reset the
position inside a program. No motion will occur.

In machine coordinate (G53 T0) mode, the machine coordinates themselves are
updated.

In any fixture offset mode (G54-G59) and TO, the fixture offset is updated.
In any tool-offset mode (T1-T20), the tool offset is updated.

This code is not modal.
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G93 Inverse time feed rate
Function: Set feed rate unit to inverse time ratio

Syntax: none
Example:

G93 F60 ;All GOl blocks will take one second

G93 F120 ;All GOl blocks will take 1/2 second

G93 FO0.5 ;All GOl blocks will take 2 minutes
Notes:

In this mode, the length of time that each block will take to execute is controlled. The
unit is the reciprocal of length of time in minutes. (e.g.: 60 is 1/60th of a minute or one
second).

(G93/94/95 are modal to one another. Each mode will stay in effect until another is
called.

This mode is useful for unusual situations where the feed rate is difficult to calculate
directly, but the overall time to move is known - such as when several axis types are
moving simultaneously.

As with the other feed modes, if the commanded feed rate is too fast for the machine,
the motion will be performed at the fastest available speed.

With arcs, each arc segment is treated as an individual block in this mode.

G94 IPM feed rate
Function: Set feed rate unit to units/min
Syntax: none
Notes:

(G93/94/95 are modal to one another. Each mode will stay in effect until another is
called.

G94 is the default mode at startup.
G95 IPR feed rate
Function: Set feed rate unit to units/rev.
Syntax: G95 [optional S word]
Example:
G95 S1000 F0.002 ; Feed is now 0.002/rev at 1000 rpm
Notes:

Be sure to have set the "S" word for spindle speed when calling this function for the first
time before any motion takes place. You can also read the spindle speed after
engaging G95 mode by using the M50 code if you have a spindle encoder on your
machine.
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(G93/94/95 are modal to one another. Each mode will stay in effect until another is
called.

G97 Program spindle RPM
Function: Set spindle RPM

Syntax: G97 [S word]

Example:

G97 S1000 ;1000 rpm
Notes:

This function is a "placeholder” in the source code. Registered users can use it as a
starting point to program their own spindle control routines into TurboCNC.

If you use units/rev feed rates by calling G95, you must use this code or otherwise set
the S parameter with the spindle speed before trying to move.

G178 Speed peck motion
Function: Speedy generalized single axis pecking motion

Syntax: G178 [axis of action] [peck distance] [optional feed word] [optional dwell]

Example:

G178 Z-2.000 I0.100 F2.0
Moves from the current position to Z=-2.000 at 2 units/min 0.100 units at a time with
dwells.
Notes:

This command is single axis only, and is identical to G78, except that no retracts are
made while machining. Only the dwells are taken.

In some cutting situations you can use this to avoid dangerous continuous chips while
machining, and saving a significant amount of time in the process by not retracting fully.

G183 Speed peck drill cycle
Function: Speedy peck drilling in pecks with dwells

Syntax: Same as G83
Notes:

This code operates in exactly the same manner as G83, except that it does not retract
at all between each peck. The dwells are taken.

In some cutting situations you can use this to avoid dangerous continuous chips while
conserving machining time if many holes are to be drilled.
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Miscellaneous Functions (M-Codes)

Supported Miscellaneous Functions

Miscellaneous Functions are generally simpler than Preparatory Functions and seldom
have parameters.

Code Function Code Function

MO0 Automatic halt M40 Select Gear Ratio 1

MO1 Optional halt M41 Select Gear Ratio 2

MO02 End of program M42 Select Gear Ratio 3

MO03 Spindle on CW M43 Select Gear Ratio 4

M04 Spindle on CCW M44 Select Gear Ratio 5

MO05 Spindle off M45 Select Gear Ratio 6

MO06 Tool change M46 Select Gear Ratio 7

MO07 Coolant A on M48 Restore feed override

M08 Coolant B on M49 Cancel feed override

M09 Coolants off M50 Read spindle speed

M10 Clamp M60 Jump to Subroutine (obsolete — use M98)
M11 Unclamp M62 Return from Subroutine (obsolete — use M99)
M13 Spindle CW and coolant A on M70 Set PLC handshake output to inactive

M14 Spindle CCW and coolant A on M71 Set PLC handshake output to active

M17 Enable drives M72 Wait for PLC handshake input to go inactive
M18 Disable drives M73 Wait for PLC handshake input to go active
M21 Open collet M97 Jump

M22 Close collet M98 Jump to subroutine

M30 End of tape M99 Return from subroutine

Table —2 Miscellaneous Functions that are or have been supported by TurboCNC.

MO0 Automatic halt
Function: Halts program until operator presses a key.
Notes:
Comments included in the block containing MO0 are displayed within the prompt that is

raised. A vertical bar, '|' can be used to force a new line. This feature is a convenient
method of presenting instructions to the machinist at runtime.

MO01 Optional halt
Function: Halts the program only if optional halts are enabled.

Notes:

Similar to M00. Use Optional Halts under the machining options menu to toggle whether
these are enabled.

This is commonly used for "first article” type checks while the part is on machine.
Comments included in the block containing M01 are displayed within the prompt that is

raised. A vertical bar, '|' can be used to force a new line. This feature is a convenient
method of presenting instructions to the machinist at runtime.

MO02 End of program
Function: Stops program execution.

Notes:
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This (or M30) must be the last line of a program.

Comments included in the block containing M02 are displayed within the prompt that is
raised. A vertical bar, '|' can be used to force a new line. This feature is a convenient
method of presenting instructions to the machinist at runtime.

MO03 Spindle on CW
Function: Turns on spindle in the clockwise direction.
Notes:

Clockwise is the usual direction for a lathe or mill. If the spindle is commanded to run
forward while it is already on, it will be shut off for 7 seconds and then re-activated in
the new direction.

MO04 Spindle on CCW
Function: Turns on spindle in the counter-clockwise direction.

Notes:
Similar to M03.

Turn the spindle off with MO5 before changing directions or calling M03/04. If the
spindle is commanded to reverse while it is already on, it will be shut off for 7 seconds
and then re-activated in the new direction.

MO05 Spindle off

Function: Turns off spindle
Notes:

Turns off the spindle output line. No braking is assumed. The spindle direction line state
is not affected.

MO06 Tool change
Function: Halt for tool change

Example:

MO6 Tl ; Stops with a prompts for change to tool 1
and changes to the tool 1 coordinate offset

Notes:

This is essentially the same as M0O0, but with a prompt to tell the user which tool is
being requested. Registered users may program their own, more sophisticated routines
for automated tool changes here.

The T word is required with M06. It may also be placed on any program line to change
the tool offset without pausing the program.

If the tool turret index line is enabled, M06 will not prompt the user, but activate the
turret index line briefly instead. The default time period is two seconds, the maximum
period is 120 seconds.
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The delay period for the turret index line is set in the ini file or the configuration menu
under the General heading.

Comments included in the block containing M06 are displayed within the prompt that is
raised. A vertical bar, '|' can be used to force a new line. This feature is a convenient
method of presenting instructions to the machinist at runtime.

MO07 Coolant A on (flood)
Function: Turns on relay A
Notes:

This code is traditionally associated with flood coolant. It can be used as a generic
output to control anything.

M08 Coolant B on (mist)
Function: Turns on relay B.

Notes:

This code is traditionally associated with mist coolant. It can be used as a generic
output to control anything.

M09 Coolants off
Function: Switches off both relay A & B.

Notes:
Both coolant outputs (A and B, see M07 and M08) will be set to inactive.

M10 Clamp
Function: Closes a machine clamp

Example:

M10 Q12; Closes clamp twelve
Notes:

Use numbers 0-15 for the clamps. If Q is not specified, it defaults to clamp 0.

At a minimum, the clamp drive, direction, and closure sense lines need to be configured
on the machine to use this command.

The clamp address appears on the four clamp select output lines in binary, if they are
configured on the machine. Clamp 0 is all lines inactive; clamp 15 sets all lines active.

You do not need to configure all 4 clamp select lines. For example, if you only have four
clamps to control then it is permissible to use the first two clamp select lines only.

The clamp will be driven until the closure line goes active, or when 15 seconds has
elapsed, whichever comes first.

M11 Unclamp
Function: Identical to M10, except that it opens a machine clamp.
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Notes:

At a minimum, the clamp drive, direction, and open sense lines need to be configured
on the machine to use this command.

The clamp will be driven until the open line goes active, or when 15 seconds has
elapsed, whichever comes first.

M13 Spindle CW and coolant A on
Function: Turns the spindle on in the clockwise direction and activates the "A" coolant.

M14 Spindle CCW and coolant A on
Function: Similar to M13, but the spindle will be started counterclockwise.

M17 Enable drives
Function: Set drive enable lines active

Notes:

The Stepper World SP3 and some versions of the MAXNC drives require an enable
signal in order to operate. After the drive enable output lines have been configured in
TurboCNC, use this code to turn them on.

The drives will be disabled automatically when:

e apanic abort occurs during motion
e you exit TurboCNC normally

They will be enabled when:

a program is started or resumed
you enter jog mode

TurboCNC is started

you input an MDI command

You can also control these manually by using the options under the setup menu.
M18 Disable drives

Function: Set drive enable lines inactive

Notes:

Similar to M17, this turns the drive enable lines off.
M21 Open collet

Function: Opens a collet

Notes:

When this code is executed, the Collet Open line goes active for a short time, and then
returns to the inactive state. The default length of time is two seconds and the
maximum is 120. Change the length of time allowed by editing the ColletOpenTime(ms)
entry in the ini file.
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No feedback is required from the actual machine. This is designed to work with a
pneumatic collet closer on a lathe.

The delay periods for M21 and M22 are set in the ini file or the configuration menu
under the General heading.

M22 Close collet
Function: Closes a collet

Notes:

Similar to M21, this code activates the Collet Close output line for some length of time.
Two seconds is the default, 120 seconds is the maximum. Change the length of time
allowed by editing the ColletCloseTime(ms) entry in the ini file.

M30 End of program & rewind
Function: Stops program execution

Notes:

Functionally identical to M02. Hard disks don't need to be "rewound" of course, but
paper tapes used to be! Some CAM programs generate this code instead of M02 at the
end of a program, so it's here for compatibility.

Comments included in the block containing M30 are displayed within the prompt that is
raised. A vertical bar, '|' can be used to force a new line. This feature is a convenient
method of presenting instructions to the machinist at runtime.

M40 — M46: Gear Changes
Function: Selects the speed map associated with the specified gear.

Notes:

Spindle speed control is oriented to the Sherline spindle. As such the default
compilation only implements M40 through M43. Increase MaxRatios in the spdmap unit
to 7 to take advantage of the full range of codes.

The following mappings are defined:

M40 — Standard Pulleys, Low Range (45 — 1400 RPM)

M41 — Standard Pulleys, High Range (70 — 2800 RPM)
M42 — 10K RPM Pulleys, Low Range (150 — 2200 RPM)
M43 — 10K RPM Pulleys, High Range (1500 — 10200 RPM)

M48 Restore feed override
Function: Restore feed override

Notes:

This brings the feed override back to whatever it was just before the most recent M49
call.

M49 Cancel feed override
Function: Cancel feed override
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Notes:
This resets the feed override to 100% "from the inside". Use it before entering a critical

section of your program that requires an exact feed rate. The feed override can be
restored with the M48 code.

M50 Read spindle speed
Function: Set S word with actual spindle speed

Notes:

This reads the spindle speed into the program for use with per revolution feed rates
(see G95) by reading the spindle index pulse.

You must have an index pulse enabled to use this code. See the hardware section for
details on how to set this up.

The operation will time out if five seconds goes by without a signal from the spindle.

An error will be triggered if the spindle appears to be going faster than 5000 rpm.

M60 Jump to subroutine (obsolete function)

Function: Jump to a new block saving return

Syntax: [N word] M60 [jump target]

Example:
N0OO10 M60 00100 ; Jump to subroutine 0100
MO5 ; Subroutine returns here - spindle off
M02 ; End Program
NO100 MO3 ; Subroutine to turn spindle on
M6 2 ; Return from subroutine
Notes:

This function is considered obsolete. Use of M98 is strongly suggested. It is included as
a partial bridge to previous versions of TurboCNC.

The jump target word is set to 'O’ by default. This can be reconfigured using the
'Configure/Dialect’ menu.

Jumps to the line with the N word identical to the jump target word (NO100 in the
example).

The N word of the line with the M98 is saved for the return (10 in the example).
Naturally, this means you should have a different N word on both the calling line and
the target line.

Subroutines can be nested 20 levels deep.

M62 Return from subroutine (obsolete function)
Function: Return to block immediately after the most recent M60 calll

Syntax: M62
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Example:
See M60
Notes:

This function is considered obsolete. Use of M99 is strongly suggested. It is included as
a partial bridge to previous versions of TurboCNC.

The next block to be executed will be found on the line following the most recent M60
call.

See SAMPLE.CNC for a simple nested subroutine example. Please note that when
using subroutines, you'll need a unique N code on each calling line so that the program
knows where to go back to.

To visualize program execution with subroutines, imagine all the code in the subroutine
invisibly pasted in beneath the calling line. None of the modal codes are affected.

M70 Set PLC handshake output to inactive
Function: Set PLC handshake output to inactive

Notes:

Two PLC handshaking lines can be configured in TurboCNC. These are for telling
external logic, such as an automatic tool changer or what-have-you to do some work.
M70 sets the output handshake line to the inactive state. This can also be used to
control extra solenoids or relays.

M71 Set PLC handshake output to active
Function: Set PLC handshake output to active

Notes:

Similar to M70, M71 sets the output handshake line to the active state.
M72 Wait for PLC handshake input to go inactive

Function: Wait for PLC handshake input to go inactive

Notes:

When this code is called, the program stops running and waits for the PLC input line
(separate from the output line) to go to the inactive state. This is intended to be used to
synchronize the program with external logic that might be loading more stock, or
performing some other function.

M73 Wait for PLC handshake input to go active
Function: Wait for PLC handshake input to go active

Notes:

Similar to M72, this pauses until the PLC line goes to the active state. With either of
these two codes, the user can press a key to bypass the wait condition.
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M97 Jump
Function: Jump to a new block

Syntax: M97 [jump target]

Example:
M97 00200 ; Jump to block 0200
GO0 X1 ; This line is skipped

N0200 MO2 ; Jump target - Program End
Notes:

The jump target word is set to 'O’ by default. This can be reconfigured using the
'Configure/Dialect’ menu.

Jumps to the line with the N word identical to the jump target word (NO200 in the
example).

Code following an M97 in a block is not executed. M-Codes within a block are
executed first, in the order that they are encountered. Only the parameters that follow
the M97 for M-Codes encountered earlier in the block will be used. Every other code or
parameter is ignored.

The jump function is very useful when combined with 'Conditional Programming'

If there is a parsing error in the line containing the jump target, the message 'Jump
Target not Found' will be displayed.

M98 Jump to subroutine

Function: Jump to a new block saving return

Syntax: [N word] M98 [jump target]

Example:
NOO10 M98 00100 ; Jump to subroutine 0100
MO5 ; Subroutine returns here - spindle off
MO02 ; End Program
NO100 MO3 ; Subroutine to turn spindle on
M99 ; Return from subroutine
Notes:

The jump target word is set to 'O’ by default. This can be reconfigured using the
'Configure/Dialect’ menu.

Jumps to the line with the N word identical to the jump target word (NO100 in the
example).

The N word of the line with the M98 is saved for the return (10 in the example).
Naturally, this means you should have a different N word on both the calling line and
the target line.

Subroutines can be nested 20 levels deep.
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Code following an M98 in a block is not executed. M-Codes within a block are
executed first, in the order that they are encountered. Only the parameters that follow
the M98 for M-Codes encountered earlier in the block will be used. Every other code or
parameter is ignored.

If there is a parsing error in the line containing the jump target, the message 'Jump
Target not Found' will be displayed.

M99 Return from subroutine
Function: Return to block immediately after the most recent M98 calll

Syntax: M99
Example:
See M98
Notes:

The next block to be executed will be found on the line following the most recent M98
call.

Code following an M99 in a block is not executed. M-Codes within a block are
executed first, in the order that they are encountered. Only the parameters that follow
the M99 for M-Codes encountered earlier in the block will be used. Every other code or
parameter is ignored.

See SAMPLE.CNC for a simple nested subroutine example. Please note that when
using subroutines, you'll need a unique N code on each calling line so that the program
knows where to go back to.

To visualize program execution with subroutines, imagine all the code in the subroutine
invisibly pasted in beneath the calling line. None of the modal codes are affected.

If there is a parsing error in the line containing the jump target, the message 'Jump
Target not Found' will be displayed.
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S-Word Handing:

The interpretation of the S-Word has been modified to control the DigiSpeed output. A
count of the difference between the currently set count at the DigiSpeed, and that
corresponding to the specified speed is sent to the DigiSpeed changing its output.

Setting a speed of zero will disable the Digispeed. This must be re-enabled with a M03
or M04.

Speeds below the minimum and above the maximum mapped values will result in an
error report.

Programming Extensions

Expressions

An expression is a mix of values, variables, operators and functions, enclosed in square
brackets, which is resolved to a single value that is substituted for the expression
BEFORE the OpCode is executed. The normal rules of mathematics are used in
resolving expressions. These are:

e contents of brackets are resolved from the inner most to the outer most level
¢ functions are resolved to a value

e powers are resolved in the order encountered from left to right

e multiplication and division are resolved in the order encountered from left to
right

e addition and subtraction are resolved in the order encountered from left to
right

Expressions are resolved as 'real' values accurate to 15 decimal places. The result is
converted to a 'string’ value and handled as if it had been encountered on the input line
instead of the expression. Expressions may be used in the placed of values with the
exception noted below.

NOTES:
e Expressions are not allowed as operands for 'G', 'M', 'N', or 'T' OpCodes.
e M97, M98, M99 will fail with a 'Target not Found' if there is an error in the
expression

Operators

Operators perform a mathematical operation using two values. The operators available
within TurboCNC expressions are listed in the following table:

Operator Example Explanation

+ a+b b is added to a

- a-b b is subtracted from a

* a*b a is multiplied by b

/ a’b a is divided by b

A a’b a is raised to the power of b

E aEb a is multiplied by 10”b (Scientific Notation)
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Functions

Functions return a value based on their name or a single input value. The functions
available within TurboCNC are:

Function Example Explanation

PI Pl returns the value of Pl correct to 15 decimal places

ABS ABS(a) returns the absolute value of 'a’

INT INT(a) returns 'a’ as an integer rounded to the nearest whole number
SQR SQR(a) returns 'a' * 'a’

SQRT SQRT returns the square root of 'a' (the number which multiplied by itself yields 'a’)
LN LN(a) returns the natural log of 'a’'

LOG2 LOG2(a) returns the log of a in base '2

LOG10 LOG10(a) returns the log of 'a' in base 10

EXP EXP(a) returns e raised to the power of 'a’ (inverse of LN)

SIN SIN(a) returns the sine of the angle 'a’, measured in degrees

COS COS(a) returns the cosine of the angle 'a', measured in degrees

TAN TAN(a) returns the tangent of the angle 'a’, measured in degrees
COTAN COTAN(a) returns the cotangent of the angle 'a’ measured in degrees

ARCSIN ARCSIN(a) returns the angle who's sine is 'a', in degrees
ARCCOS ARCCOS(a) returns the angle who's cosine is 'a’, in degrees
ARCTAN ARCTAN(a) returns the angle who's tangent is 'a’, in degrees

Variables

A variable is the name given to the contents of a storage location, which can be
changed while a parts file is running. There are 10000 of these locations available, each
named with its location from 1 to 9999. Variables numbered 1 to 999 are persistent,
meaning that their values are stored in the configuration file upon exiting TurboCNC
and re-loaded when TurboCNC is restarted. Variables with names from #1000 through
#9999 are transient. These values are not restored when TurboCNC is restarted.
Variables that are not set before being read are given a value of zero.

A value is assigned to a variable by use of the assignment operator (the '=' sign). The
assignment may appear anywhere a word can be placed within the block. For example:

G80 #7 = 2 F10 ; assignment does not have to be
; first in a block
#7 = 4.25 ; assigns the value '4.25' to variable #7

A variable may be substituted for a value in all but the 'G', 'M', and 'T' code words. The
following are legal blocks of code:

GO0 x#7 Moves the x axis to 4.25 (continuing
from above)
Moves the x axis to 0 (expressions
resolved first)

GO0 x[#7 - 4.25]

Ne Ne Ne N

A variable's name may be given as the contents of another variable, or as an
expression.

#1 = 2.05 ; Assign the value 2.05 to variable #1
#2 =1 ; Assign the value 1 to variable #2
GO0 x##2 ; Move the x axis to 2.05 (##2 —-> #1)

GO0 x#[3 - #2]; Move the x axis to 1 (3 - 1 =2, #2 = 1)
Recursion of variable names has been tested to 3 levels (ie: ####1)

NOTE: Variables are not allowed as operands for 'G', 'M', 'N' or 'T' OpCodes.
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Sample Code - Using Expressions and Variables

This code doesn't do anything especially useful, but it demonstrates some of the valid
use of expressions and variables. It is taken from the parser test programs.

F[1+2] ; Addition

F[1+2*4-3] ; Brackets used to modify
Fl(1+2)*(4-3)] ; order of operations

FILN(10) ] ; Natural Log (e)
F[EXP(2.302585)] ; e”n

F[SIN(45)] ; Sin (Trigonometric functions work)
F[ARCSIN(.707)] ; Arcsin (in decimal degrees)
#0 = [10-10] ; Set variables 0 to 4

#1 = [10-9] ;  with values equaling

#2 = [8/4] ;  their positions

#3 = [SQRT (9)] 7

#4 = [2*%2] 7

#5 = [#2+3] ; Set variables 5 to 9

#6 = [#5+1] ;  with values equaling

#7 = [SORT ( (#4+#3)"2)] ; their positions

#8 = [#3"#2-#1] ;

#9 = [SQR(#3)] ;

( Wild ones )
#0=1 #1=2 #2=3 #3=4 #4=5 #5=99.99 ; Set variables
#6=50 #7=10 #8=0

F1 ; Feed rate =1
F#[#2+#3] ; Feed rate = 10

F##3 ; Feed rate =5

F## [###4[#7-10] - 2] ; Feed rate = 4

#1=0 #2=0 #3=0 #4=0 #5=0 ; Clear variables
#6=0 #7=0 #8=0 #9=0 #10=0

#999=0

m02 ; end program

Conditional Execution (IF)

Function: The IF statement allows code to be executed if a condition is met. One good
use of this statement is to cut the same contour out of material with varying thickness in
multiple passes. Passes are made until an end condition is reached.

Syntax: IF condition [code]
IF = keyword
condition = argument comparator argument
argument = value | variable | expression
comparator = EQ | LT | LE | GT | GE | NE
code = DAK RS-274 D
Action:
- If the condition is met, the remainder of the block will be executed.

- If the condition is not met the remainder of the block is skipped.

79



Example:

N0200 M98 01000
IF #3 GT 0 MS7 00100

Jump to contour subroutine
Jump to start of loop (if not done)

#1=.500 ; Material thickness
#2=.125 ; Depth of cut per pass
GO0 z2.0 ; Clear Clamps
GO0 X0 YO ; Move to start coordinate
#3 = #1 F5 ; Set first cut depth & Feed rate
NO100 #3=[#3-#2] ; Start of loop, compute new depth
GOl zZ#3 ; Set new depth
7
14
NO300 MO2 ; Program End
; Contour cutting subroutine
N1000 GO1 X1 ; 1" square
GO1 Y1
G0l XO
GO0l YO
M99 ; return from subroutine

This example is a simplistic view of a machining operation.
Further checks to ensure that your tool does not descend into
the table should be added.

Notes:

e Valid comparators are:
EQ - equals
GE - greater than or equal
GT - greater than
LE - less than or equal
LT - less than
NE - not equal

e Multiple if statements can be cascaded on a line i.e.:

MO5 F1

IF 2 EQ 3 F2 IF
IF 2 EQ 2 F2 IF
IF 2 EQ 3 F1 IF
IF 2 EQ 2 F1 IF

Preset indicators

EQ 3 M03; FALSE : FALSE Result=F1, Spindle OFF

EQ 3 M03; TRUE : FALSE Result=F2, Spindle OFF

EQ 2 M03; FALSE : TRUE Result=F2, Spindle OFF

EQ 2 M03; TRUE : TRUE Result=F1l, Spindle ON - CW

NN DN DN~

Simulating Advanced Conditional Execution Structures

The implemented conditional execution statements allow the simulation of more
advanced conditional structures such as:

IF - THEN - ELSE
REPEAT — UNTIL
WHILE —WEND

CASE OF — END CASE
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IF - THEN - ELSE

Simulation of the IF - THEN — ELSE statement in its classic form requires a jump to the
code to be executed if the condition is met. This should not be omitted, even if the code
to be executed will fit within the current block, as the parser may execute the required
jump to the remainder of the program before executing the desired code. (M-Codes are
the first executed by the code sequencer).

N10000 IF #1 EQ M97 010100 ; test for condition

N10010 ; code for ELSE

N10090 M97 N11000 ; continue program
N10100 ; code for condition met
N11000 ; program continues here

REPEAT — UNTIL

N10000 ; start of REPEAT LOOP
N10980 IF #1 EQ 1 M97 N11000 ; UNTIL condition test
N10990 M97 N1000O ; repeat loop, condition not
met
N11000 ; program continues here
WHILE - WEND
N10000 IF #1 EQ 1 M97 N10020 ; test for condition
N10010 M97 N11000 ; exit loop if false
N10020 ; code executed if condition met
N10990 M97 N1000O ; END of WHILE loop
N11000 ; program continues here

CASE OF — END CASE

Simulation of the CASE statement uses an IF to est for each condition, followed by a
jump to the code to be executed if the condition has been met (CASE is satisfied). The
code to be executed if none of the CASES match may directly follow the last IF
statement as shown , or a jump to the code may be used. The code for every CASE
ends in a jump to the next line to be executed. Although this is not strictly required for
the code of the final case, it's been included to help prevent bugs if more CASEs are
added later.

N10000 IF #1 EQ 1 M97 010100 ; first case
N10010 IF #1 EQ 2 M97 010200 ; second case

N10020 ; else

N10090 M97 011000 ; continue program
N10100 ; code for first case
N10190 M97 011000 ; continue program
N10200 ; code for second case
N10290 M97 011000 ; continue program
N11000 ; program continues here
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These structures have been illustrated using a simple test for equality. Most of the
examples could have been simplified by inverting the test, in other words testing for
inequality in the examples. This has not been done so that an identical structure, with a
readily apparent condition, can be used for every implementation,. The inverse
conditions are given in the table below for those wishing to adopt that form as their
standard:

comparator NOT comparator

LT GE
LE GT
EQ NE
GE LT
GT LE

Interacting with the Operator

TurboCNC provides two functions that a CNC program can use to interact with the
operator.

ASK

Function: Asks the operator for a value to be stored in a variable. An optional comment
on the line will be used as a prompt.

Syntax: ASK #n ;Comment
Example:

ASK #10 ; How many passes do you wish to make?

STOPPED
H: 0.000000in
Y: 0.000000in
Z: 0.008000in

| A: 0.000000°
8pindle: - off
‘[Coolant A: —loff

F1 Help F3 GoTo F6 Run F7? Single Step F8 Jog F9 MDI Alt+¥ Exit

Notes:
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e The value entered can be used as any other variable during machining
operations.

SAY

Function: Displays the content of a variable, and an optional comment on the bottom
line of the screen.

Syntax: SAY #n ;Comment

Example:

#10 = 34 ; Set the value of the variable

SAY #10 ; Passes to go:

File Setup  Configure Tools Help

' untitled file STOPPED

#1B = 32 : Set the value of the variable K: 0.0000001n

SAY #10 : Passes to go: Y: 0.0000001n
Z: 0.0000001n
f: 0.000000°
Spindle: - off
Coolant A: - off
Coolant B: - off
HB1 break: - off
Block del: - off
Tool: B ABS XY
Feed: 0.000 IPM
617 No fixture (G53)
o feed override
Cvcle count: ADABA

Run

Passes to go: 32
F1 Help F3 GoTo F6 Run F?7 Single Step F8 Jog F9 MDI Alt+¥ Exat

Notes:

e SAY will lockout the Port Monitor and clear the Port display (if active).

e SAY #0 will clear the screen
SAY displays the content of the specified variable when invoked. The displayed
value is not updated when the content of the variable is changed.

e Only one variable can be displayed on the screen. Subsequent calls to say will
overwrite the initial display.

Putting it all Together: The Circle Using Line Segments

A program to mill a circle using line segments is used to illustrate best practices for the
use of variables, expressions and conditional programming. While this isn’t the most
efficient method for cutting circles, it can be easily adapted to cut hexagons, octagons,
or other regular polygons.

TurboCNC 'Interprets' the code on a line-by-line basis; it does not compile and optimize

the result. It also scans the file to find the target of a jump function (M97). This takes
time depending on how far into the program the jump's target is located. This is the
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reason the subroutines are located first. The subroutines should be ordered such that
those executed most often are located first; then trailing down to those executed least
often. The main part of the program, including initialization is therefore located last.

The reason variables #1000 and up were chosen for this example is that their values do
not need to be preserved when TurboCNC exits. Always ensure that you initialize the
appropriate variables prior to using them. Previous programs may have left a value that
could produce disastrous results.

The Program:

; TurboCNC 4.0 program to cut circles
M97 09000 ;Jump to the main program

; *** Subroutine to cut the circle ***

NO100 #1005=[#1005+#1004] ;Increment the angle

SAY #1005 ;Current angle (Stop at 360):
#1006=[#1000+(#1002/2) *COS (#1005)] ;compute new X position
#1007=[#1001+(#1002/2) *SIN(#1005)] ;compute new Y position

GOl X#1006 Y#1007 ;make the cut
IF #1005 LT 360 M97 00100 ;Jump if circle not complete
M99 ;return from subroutine

. R IR IR A S b b b b b 2b db S g b b b b b Sb Sb S g b b b b b dh (gh  gb g 4
4
HE Main Program *
. R IR IR b b b b b 2b Sb S g b b b b b 2b Sb S g b b b b b dh gh  gb g 4
4

;Parameters for the circle (get the center from the operator)

N900O ASK #1000 ; What is the X-coord of center
(inches) :

ASK #1001 ; What is the Y-Coord of center
(inches) :

#1002=1 ;Diameter of the circle (inches)
#1003=360 ;# of steps for a full circle
;computed variables

#1004=0 ;delta (angular increment)
#1005=0 ;theta (current angle)

#1006=0 ;jnext X position

#1007=0 ;jnext Y position

; setup

F20 ;set feed rate
#1004=[360/#1003] ;compute theta (TurboCNC 4.0

; trig functions are in degrees)
#1006=[#1000+ (#1002/2) *COS (#1005)] ;compute starting X
; position
#1007=[#1001+(#1002/2) *SIN(#1005)] ;compute starting Y
; position

GOO X#1006 Y#1007 ;traverse to start position
GO0l %2 ;lower Z-axis to make cut
N9100 M98 00100 ;jump to cutting subroutine
GO0l z4 ;retract Z-Axis

SAY #0 ;jclear display

MO2 ;End of program - circle.cnc
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Part 4 — Introduction to CNC

General

If you're reading this section, you're probably a beginner to the CNC world. That's ok,
we all start somewhere.

Chances are, you already understand machining. G & M codes provide a formal
language for telling a computer how to do your work in the machine world.

When you make a part on a machine tool, say a lathe, and watch what you really do -
you'll notice that a lot of the game is turning hand wheels to make very repetitive and
exact motions.

CNC involves reducing the motions to codes in a scripting language that a computer
can understand. In principle, if the computer can duplicate the same motions that a
human does when machining, it duplicate the machining process. This is important to
understand. G & M code only spells out the motions involved in machining. The
computer doesn't know anything else, like where the part is, what kind of tool you're
using, or even what kind of machine it's running. Motion only.

G & M code works on a line by line basis using words, left to right and top to bottom
just as you are reading this page. A word has a special definition in this context
however. In the RS 274D language, each word consists of a letter or symbol followed
by a number. Here are two words as an simple example:

GO00 X1.000

Each line of code is sometimes called a block. Let's break this block down and see
what it means to the computer.

The first word "G00" (pronounced GEE-zero) is the Rapid Positioning word. It means
move somewhere as fast as you can. Yes, those are zeroes after the G.

"X1.000" is a word which gives a new location for the X axis; 1.000 in this case. If
you've used a DRO equipped machine before, you probably understand coordinate
systems. If not, have a look at the Axes De-mystified section and familiarize yourself
with the concept.

When this block is executed by TurboCNC, one of three things will happen:

1. In Absolute Mode, the X axis will move to the 1.000 coordinate position as fast as
possible

2. In Incremental Mode, the X axis will move +1.000 units as fast as possible

3. If there is no X axis to speak of, an error will be produced or the block will be
ignored.

Not so bad, right? Just tell the machine what to do. By stringing a large series of
blocks together you can create a script for the computer to follow. Each time you run
the script (G code file), the computer performs the machining operation for you. Now
run the script over and over, put in fresh stock each time, and you're in production!

Here are some general things you need to know about the language:
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e ltis standardized (pretty much, at least insofar as the basics are concerned).
You can use it just about anywhere.
G words usually do the actual motion.
M words usually do miscellaneous functions.
Spaces don't matter, but line breaks do.
Read it left to right, top to bottom - just like you're reading this page.
If the same word is used in a line as in the line before, it usually doesn't have to
be retyped on the second line. This is called Modality. The old word is
assumed until another one is used. Not all words are modal.
e The computer only does what you tell it to do, and will cheerfully snap a tool or
drill through the table at your command.
Words are also called "codes" in some circles.
MO02 is the word for "End of program" - often interchangeable with M30 which is
"End of tape".

The Axes De-Mystified:

Any machine (lathe, mill, drill, etc) has its major linear axes defined in the standard
orthogonal manner, that is at right angles to each other. The point to remember is that
they are defined with respect to 'tool motion', not the actual motion of the axes.

Positive direction is found using the right-hand rule for a mill. Lay your right hand, palm
up, on the table of the machine, thumb along the X-Axis, index finger along the Y-Axis,
and the middle finger along the Z-Axis. Your fingers and thumb will point in the positive
direction of movement for the tool along each axis. For a moving table machine such as
a Sherline, positive movement along the X-Axis moves the table to the left, positive
movement along the Y- Axis moves the table towards the front, away from the column.
A gantry style machine moves the tool, so movement of the gantry will follow the right
hand rule (exactly the opposite of the moving table).

By convention, rotational axes with their axis of rotation parallel to the X, Y, and Z axes,
are labeled A, B, and C respectively. The direction of positive rotation of these axes is
counterclockwise when viewed from the positive end of the corresponding orthogonal
axis (X, Y, or Z). So, taking the Sherline as an example, with the rotary table mounted
so that its axis of rotation is parallel to the X-Axis, with its table facing right, when
viewed from the direction of the hand-crank (or stepper motor) rotates
counterclockwise. In other words the top of the rotary table will turn towards the front of
the mill. Something interesting to note is that the direction of rotation with respect to the
surface of the rotary table will change if you turn it around to mount it facing left on the
mill's table.

With only two axes, the right hand rule returns indeterminate results when used on a
lathe. Machinists have adopted the convention that movement from the headstock to
the tailstock is along the Z-Axis. Movement of the cross slide towards the tailstock is in
the positive direction. In and out movement of the cross-slide is along the X-Axis.
Movements of the cross slide, away from the centerline between the headstock and
tailstock are in the positive direction.

The point of origin for the orthogonal axes can be set anywhere that is convenient. With
the exception of a lathe's X-Axis, many machinists set this is at the point of maximum
negative movement along the axes in the machine coordinate system. The machinist
will switch to an alternate coordinate system for machining, and set a zero relative to
the work piece. For the X-Axis of a lathe, by convention the centerline between the
headstock and tailstock is chosen as zero.
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AXis conventions:

Per the Standard, X, Y and Z should always be linear; A, B, and C should always be
angular. The XYZ coordinates should be perpendicular, with their directions arranged
according to the right hand rule.

On a two-axis lathe, the axes should be named Z and X, arranged as shown below:

On a three axis mill, the axes should be named X, Y and Z - arranged as shown below.
Be aware that this is tool motion relative to the work — typically the table will move
opposite the diagram below.

Y+

The A, B, and C axis of rotation should be parallel to the X, Y, and Z-axes. U, V, and W
should be linear also, and parallel to X, Y, and Z respectively.

Nothing will stop you from making X an angular axis in TurboCNC; in fact this may be
the most expedient way to program an operation. In general you're better off going with
the established practices though.

Arc directions (Clockwise vs. Counterclockwise) are explained under G02. The direction
of an arc is taken by looking in the negative direction on the out of plane axis. For
example, on a mill an arc in the XY plane (plane of the table) should look clockwise as
looking in —Z (down from above).
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The parallel port explained:

On most PC computers a 25 pin connector called the parallel port is available for
connection to a printer or other hardware. By sheer accident of engineering, this port
makes a great interface for controlling CNC machines.

The pins on the parallel port have two voltage levels. High is defined as 5V, low is OV
(Strictly speaking, 0-0.8V is low, 2.5-5V is high). This is known as TTL for Transistor-
Transistor-Logic.

Communicating with an axis on a CNC machine is usually with two output pins. One is
called the direction pin and sets the direction that a motor driving that axis is to turn.
The other is the step pin, which is toggled each time the motor should rotate by a small
amount.

On the parallel port, pins 2-9 are always available for output, which allows at least 4
axes of motion to be controlled. Pins 1,14,16, and 17 can be output also, to control
spindles, coolant pumps, and tool changers.

The parallel port inputs are on pins 10,11,12,13, and 15. These are TTL level signals as
well. Typical uses for these are spindle encoders, limit switches, and extra logic for
detecting when you've run out of stock.

Pins 18-25 are ground. Use some of these to shield your cables.

TurboCNC can drive up to three parallel ports, at addresses $278, $378, and $3BC.
Use the included FKEYBIT utility (a separate .exe) or the built in port monitor (F2 to
activate) to test the lines on the port and provide signals for troubleshooting or proving
out your setup.

89



Part 5 — Technical Details

The Parallel Port

Parallel Ports on later models of computer can be set to operate in any of the following
three modes of operation:

e SPP (Standard Parallel Port - original specification)
e EPP (Enhanced Parallel Port)
e ECP (Enhanced Capabilities Port)

TurboCNC places the Parallel Port into the SPP mode for operation to ensure
compatibility with the maximum number of computers.

The Standard Parallel Ports consists of three registers: the data, status, and control.
The registers for first three ports are normally found at 0378h, 0278h, and 03BCh.
These are the base addresses referred to below.

TurboCNC expects to find the ports at these addresses. If the computer has mapped
these elsewhere, the addresses can be found in the BIOS at 0000:0408, 0000:040A,
and 0000:040C for LPT1 through LTP3. The source of the registered version of
TurboCNC can be modified to use the non-standard addresses.

Connections to the registers are as follows:

Base (Data) Base + 1 (Status) Base + 2 (Control)

Bit Pin Dir Purpose | Bit Pin Dir Purpose Bit Pin Dir Purpose

7 9 QOut Data7 7 11 In *Busy 7 Unused

6 8 Out Data 6 6 10 In *Ack 6 Unused

5 7 QOut Datab 5 12 In Paper Out | 5 Bi-Dir

4 6 Out Data 4 4 13 In *Select In 4 IRQ
Enable

3 5 Out Data 3 3 15 In Error 3 17 /0 *Select

2 4 Out Data 2 2 *IRQ 2 16 1/0 Reset

1 3 Out Data 1 1 Reserved 1 14 /0 *Auto LF

0o 2 Out Data0 0 Reserved 0 1 /0 *Strobe

Notes:

e Pins 1, 11, 14, and 17 are inverted by port hardware
e A high logic level MUST be written to any bits of the control register used for
input before reading it.

Set Up of Step and Direction Lines

Most drives and breakout boards are edge triggered. For example Gecko 201's step on
the high to low transition. Our recommendation for this type of circuit is to use a
normally low signal due to the method used in TurboCNC to generate the Step and
Direction signals; like this
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Direction

Step

Assuming that +ve direction is +ve axis movement, and that the previous move has left
the Direction line low, on writing the Step and direction signals to the port, both lines are
switched high. There is no step taken... yet. This gives the Direction signal a period of
time determined by that required by the CPU to execute a few instructions, and the PW
delay set in TurboCNC to stabilize. This also gives the drive circuitry time to change
gating logic as required to switch direction. After this period the Step signal is brought
low and the step is taken. Note that there is no stabilization or gate switching period
required for steps two or three. Step four does require these times, and it is provided
with the setup shown. As a side note, this same setup should be used if the step is
generated on the logic low. All that this does is delay the Step point by a few
microseconds. Step to Step timing both for a single or multi-axis move is preserved.

For TurboCNC the Step and Direction settings in the .ini would be:
IsStep/Dir=True
PortAddress=$378
StepPin=2
IsActiveHigh=True
Pulsewidth=0
DirPin=3
LowIsPositive=False

For drives that step on the low to high transition or at the high logic level, IsActiveHigh
should be set to False. This setup allows ringing on the direction line to die out, and
provides the necessary time for the direction gates to settle before application of the
Step pulse. This will prevent the lost steps which would otherwise occur during direction
changes.
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/0 Points

Point

Usage

Spindle Power

(Output) Drives relay that turns spindle motor on and off.
Could also drive spindle brake.

Spindle Direction

(Output) Drives relay that sets spindle direction to clockwise
or counter clockwise.

Coolant A

(Output) Drives relay that controls flood coolant pump

Coolant B

(Output) Drives relay that controls mist coolant pump

PLC Handshake Signal

(Output) Signal controlled by M70 and M71 to provide
programmatic interface to a Programmable Logic Controller
or other electronics

Drive Enable 1

(Output) Used to enable or disable one or more motor
drives. Since some motor drives require individual enable
lines, TurboCNC provides three independent lines which are
controlled by the same M17/M18

Drive Enable 2

(Output) Used to enable or disable one or more motor
drives. Since some motor drives require individual enable
lines, TurboCNC provides three independent lines which are
controlled by the same M17/M18

Drive Enable 3

(Output) Used to enable or disable one or more motor
drives. Since some motor drives require individual enable
lines, TurboCNC provides three independent lines which are
controlled by the same M17/M18

Clamp Selector Bit 0

(Output) — used with Bits 1, 2, 3 to specify which clamp is to
be controlled.

Clamp Selector Bit 1

(Output) — used with Bits 0, 2, 3 to specify which clamp is to
be controlled.

Clamp Selector Bit 2

(Output) — used with Bits 0, 1, 3 to specify which clamp is to
be controlled.

Clamp Selector Bit 3

(Output) — used with Bits 0, 1, 2 to specify which clamp is to
be controlled.

Clamp Motor On Signal

(Output) drives clamp controller specified by Clamp Selector
Bits 0-3.

Clamp Direction Closed

(Output)

Tool Turret Index

(Output) Toggles 1 times the tool number of pulses when an
MO6 instruction is executed.

Collet Open Solenoid

(Output) drives mechanism to open the tool holder, which
may be a collet

Collet Close Solenoid

(Output) drives mechanism to close the tool holder, which
may be a collet

Emergency Stop

(Input) when activated, this line causes the CNC machine to
stop operation.

Limit Switch 1 (Input) Is activated when Axis #1 reaches either limit of its
travel.

Limit Switch 2 (Input) Is activated when Axis #2 reaches either limit of its
travel

Limit Switch 3 (Input) is activated when Axis #3 reaches either limit of its

travel

PLC Handshake Sense

(Input) Used to synchronize the CNC machine to a
Programmable Logic Controller or other electronic device.

Spindle Index

(Input) Used to synchronize lathe’s lead screw to spindle for
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gearless thread cutting. Can also be used to calculate and

display spindle speed.

Spindle Encoder A (Input) Not currently used

Spindle Encoder B (Input) Not currently used

Touch Probe (Input) Stops motion on a G31/32 or probe move in jog
mode. Often used for digitizing part data or toolsetting.

Jog Encoder A (Input) Quadrature channel A of a jogging encoder wheel. In
discrete jog mode, this is an input to move an axis.

Jog Encoder B (Input) Quadrature channel B of a jogging encoder wheel. In
discrete jog mode, this is an input to move an axis.

Block Hold (Input) When active, TurboCNC will not execute the next
block in the CNC program. Could be used as a single step
control.

Start Inhibit (Input) When active, TurboCNC will not start executing a

CNC program. Could be used to allow a raw materials
handler to remove completed part from machine and insert
new raw material.

Clamp Sense Opened (Input) line which is activated when the clamp specified by
the Clamp Select bits is opened

Clamp Sense Closed (Input) line which is activated when the clamp specified by
the Clamp Select bits is closed

Home Switch 1 (Input) Senses when Axis #1 is at home position

Home Switch 2 Input) Senses when Axis #2 is at home position

Home Switch 3 Input) Senses when Axis #3 is at home position

Home Switch 4 Input) Senses when Axis #4 is at home position

Home Switch 6 Input) Senses when Axis #6 is at home position

Home Switch 7 Input) Senses when Axis #7 is at home position

( )
( )
( )
Home Switch 5 (Input) Senses when Axis #5 is at home position
( )
( )
( )

Home Switch 8 Input) Senses when Axis #8 is at home position

Configuring Speed Control

To be deemed valid, a map must contain at least two mappings. A maximum of 1023
mappings may be specified. Mappings may be entered in any order, but when sorted
both the count values and RPM must increase from mapping to mapping.

A quick method of determining the mappings for the Speed Control is to create a map
with a 1:1 relationship of count Values to spindle RPM. The count values can then be
directly entered as a spindle speed, and the actual speed measured with a tachometer.
The mappings should be noted and entered as a separate map upon completion.

High and low limits are recomputed for the selected map every time a mapping is
added. This can occur while reading a configuration file or adding entries using the
configuration menus. Clearing the map sets the RPM limits to default values of
100,000,000 for the low end and 0 for the high end.

Setting up Windows 9x to boot directly into MS-DOS

Although Microsoft has advertised Windows 95, 98, and 98-Second Edition as having a
multitasking “native mode,” these operating environments still include a version of MS-
DOS and can be configured to boot directly into MS-DOS.
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Modify MSDOS.SYS

If you are running in the windows environment, click on the “start button” in the lower
left corner of the screen. From the menu that appears, select “RUN”

In the dialog box that appears, type
attrib MSDOS.SYS -r —s -h

Next, use notpad or some other ascii text editor to open MSDOS.SYS in an edit
window.

MSDOS.SYS is formatted like an initialization file, with a series of sections (e.g.
[Options] or [Paths]) followed by a list of variables and the items to which they are
assigned.
Find the line that reads
BootGUI=1
Change it to read
BootGUI=0
This enables your computer to boot directly into DOS. Save MSDOS.SYS.
Press the “Start” button and select “RUN.”

Enter the command

attrib MSDOS.SYS +r +s +h

Modifying CONFIG.SYS

You can now modify a file named CONFIG.SYS to display a menu which allows you
either to boot directly into MS-DOS or into the Windows environment.

Press the “Start” button and select “RUN.”
Enter the command

attrib CONFIG.SYS -r -s —h

Next, open CONFIG.SYS withNotepad.

Some Windows 9x computers may not use a copy of CONFIG.SYS. If yours does not,
use Notepad to create it.

At the beginning of CONFIG.SYS, add the following lines:
Menultem=WIN, Windows GUI

Menultem=DOS, MS-DOS 7.1 Unadorned
MenuDefault=DOS, 10

[WIN]

..... The remaining entries of your CONFIG.SYS file are here

At the end of your CONFIG.SYS file add the following lines:
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[DOS]
DeviceHigh=C:\windows\command\ansi.sys
Shell=C:\COMMAND.COM C:\ /E:3072 /P
Files=50

This configuration file will display a menu with two items. It will wait ten seconds, and
then default to the “DOS” selection. During the ten second wait, you can use the cursor
keys to select the Windows GUI instead. You can also set up CONFIG.SYS to select
Windows as its default. If you want to do this, change the line

MenuDefault=DOS, 10

to

MenuDefault=WIN, 10

Save CONFIG.SYS

Press the “Start” button and select RUN.
Enter the command

attrib CONFIG.SYS +r

Modify AutoEXEC.BAT
Open the Autoexec.bat file using notepad

At the end of the file, add the following lines

IF “%CONFIG% =="WIN” C:\Windows\Win.COM
IF “%CONFIG%’=="DOS” C:\DOS\MOUSE.COM

Save autoexec.bat and exit notepad.

Reboot your system. You should see a menu, with a selection highlighted. If DOS is
selected, you'll boot into DOS and can execute TurboCNC.

Assuming that you have a folder in your root directory named DOS and that the folder

contains the executable MOUSE.COM, the last line will load the mouse driver so you
can use a mouse or track ball to access TurboCNC’s menu structure.

95



~—r7
U BoBCcan-cam

1445 Kol Clrate w104
San doca, TA 85112

(2GR} 43IE-TTTT

FAX (408} 438-7910

Ffapze read the tarms of this agreement before apening this peckage. If you open
the dizkette packepe or kesp it for morg then 30 deys, you accept the agrasrrent
complately.

Program License Agreement

1. License. BOBCAD-CAM granta & licenss to tha ueer, individual end/or corporate,
10 ute the Program Product for & tarm baginning on the dete you accept this
agresment and continging wuntii termination. This license sagreemeant s
automatically termineted If you violate any of the termns and conditing of this
llcense agresment.

2. Usq of tha Progeam Product. You may usse the Program Product on any one IEM
personal computer or functional equivalent. You do not have the right 10 make
unlmited copigs of this sofiware as it is protected by computar aoftwara copyright
lews, Backup copies are for parsonal usa by the purchaser only, and any additional
copies are unlawiul without written permission from BOBCAD-CAM. It s lllegal to
g this produst on more than one machine at a time.

3. Restrletlons. You may not use, copy, modify, merga, or trangfer the Program
Product or mny pertion or modificetdon thereof in whole or in part, eaxcept &s
axpressly provided in this agreemant.

4. Limlted Warranty. BOBCAD-CAM wamants the distribution diskette upen which
the Program Product & provided to be free fromn daefects n mmateriais and
workmanship under nomal uss for a pariod of B days from the date of purchese
by the original purchaser. FOR BREACH OF ANY WRITTEN OR IMPLIED
WARRANTY ON THIS PRODUCT, THE CONSUMER 15 LIMITED TO THE
REFLACEMENT OF THE DEFECTIVE DASKETTE.

%. GQameral terms. This is tha only agresmenmt batwaen User end BOBCAD-CAM
regarding thls Pregram Product and k may be modified only by & written
agregmant between thosa partles. Thiz agresement cannot be madified by
purchase ordgra, advertising or other represemtation by any person. If any
provigion of thig ggreament shall be rendeared invalid, llegal, or unanforceabla, then
the validity, lagality, and enforceability of the remalning provisiona shall not be
affectad or impeired thersby. This agraement shall bs governed by the laws of the
steta of Callfornla. By opening or keeping the diskette packsge, you acknowiedge
that vou have regd thiz agreement, undarstand K and agree to be bound by its
terms and conditions,



BOBCAD LICENSE AGREEMENT

ACKNOWLEDGEMENT

Graphics are generated with the use of GRAFMATIC {a Scientific/Enginerting
Graphica packngs), PLOTMATIC, and PRINT MATIC, all from MICROCOM-
PATIBLES, 3] Prelude Drive, Silver Spring, MID 20901.



TAELE OF CONTENTS

Saction 1: HOW TO LOAD AND START BOBCAD
HARDWARE INFORMATION

Section 2: CAD EXERCISES: Beginning to Advanced
Section 3; CAM EXERCISES: manng 2.5 and 3-Axis

Saction 4: NC CONTROLLER: How to Configure BOBCAD
RS5232 COMMUNICATION

Section 5: MENUS: Functions Explained

Saction 8; QUICK KEYS: Cursor Control
DIGITIZING TABLET

Segction 7: CALCULATOR
PRINTER
GEARS

Section 8: BOBCAD GOLD: Features
LATHE FUNCTIONS



SETTING UP BOBCAD

Tranafer BOBCAD from the floppy disks to your hard disk as follows:

Using Drive A:
Ingert tha floppy disk into drive A,
Typa: A:BETUP

bzsing Dvive B:
Insart the floppy disk Into drive B
Typa B:EETUP-B

(The program S8ETUP.BAT will now automatically tranfer the fitea from
the floppy disk onto your hard disk}.

You are now in directory BOBCAD {or EOEWIRE] on vouw hard-disk.
Copy any ramaining diskettes !PRINTER DRIVERS arxd or RS-232
communications) uzing the COFY command as fallows: (ks sure to
uze B: instead of A: if you sra uging drive B}

COPY A:*.* CABODBCAD
or for BOBCAD WIRE type:
COPY A:".* C:ABOBWIRE

EXCEPTIONS:

iif vou do not use 'SETUP.BAT' you must observe tha
followirng: all filas must be copled from the floppy disks ormo your
hard-dizk intg one directory axcapt for the = .HLP filas] Tha *.HLP fllas
naad to be in directory 'DHELF. The "DHELP' directory must ba a
subdirectory in the diractory in which BQBCAD axists).

o BE F2X7
HELP: H you nead halp call our support number: 4.

SALES QFFICE: {308) 436-7777.



STARTING BOBCAD

MOUSE USERS:
Your mouss muat be inldalized whean you turn on your computer (bafore you
start BOBCAD). This is degcribed In the manusl that came with your mouss.

DIGITIZER USERS:

If you have a Kurte dightizer, you must Initiallze t svery tma you turn on
yvouwr computgr. This Is describad in tha manual that came with the digitizer.
The Kurta must be Initisizad to high-ranalution.

1. To atert BOBCAD go 1o directory BOBCAD as follows:

Milling ysara:
Type: CD \BOBCAD [(and hit the Entar or Retuwm Key).

Wire EDM usars:
Type: CD \EQBWIRE (and hit the Entsr or Raturn Kay].

A Next type BOBCAD,

3. If thig is your first drawing, select "START A NEW DRAWING® from
tha start menu {Press 1).

4, Mext typa in any namea of up t0 8 characters, (Or longer if you add a
diractory to the name).

5. Co the beginning excercisas in this manual and read tha NOTICE TO
ALL USERS on the Next page.

PRINTER INFORMATION:

{For detmiled information zes the PRINTER SECTION in the back of tha
manual.]

If you run D05 5.0 and hava a VGA card then 1type GRAPHICS after you
have turned on youwr computer. Then when you have a drawing on the
mcrean you can prass the PRINT-SCREEN kev on your keyboard. This will
print the drawing on your printer. |Not avallable for Laser or Ink-jat printers).
Tha color gf the Enttigs nead to ba whita for thia to work well. You can put
the GRAPHICS command in your AUTOEXEC.BAT flle g0 Kk will load
sutomaticelly.

For a more accurate plot usa the PRINTDGN routine &5 daescribad in tha back
af this manual.



NOTICE TO ALL USERS

if you are Bka most readers and do not rasd the manual, please read tha
folfowing points:

1. You should do the beginning axarcisas in the manual and tha more
advancad onas to fully pet 10 know all the features of BOECAD.

2, After you hava made a few drawings, ook gt the pages called QGLICK
KEYS. The Quick Keys are vary handy and will makes your work 9o
fastar. H will also spead thinge up if you look a#t the Ovaerlay Strip for
your kayboard.

3. Prazz H for Hedp when a meanu /s on tha scresn. Prass any kay to
turn Halp off.



HARDWARE REQUIREMENTS

BOBCAD runs on |[BM* PC compatible computers: XT, AT, 388 and 486
serias.

*Tradernark of IBEM

BOBCAD supprts CGA, EGA and VGA graphics cards.

COMPUTER

The follewing configurations ars typical axamples. The Math. Co-Pracassaor
ls optional, but dogs make BOBCAD 5 to 10w fasterl With 840k of RAM
you ¢an only draw 1000 elements. An edditional 2 MEG of RAM is raquired
t0 be able to draw 11,000 alermenta.

BL-XT 640K, 20MB Hard Disk, 360K Flappy Drive, Math Co-Processor (be
sure 10 consldar that BOBCAD takes up 580K, your mouse takes up about
21K, so0 your DOS program must take up less than 40K).

PC-AT, 2 MEG ARAM, 44MB Hard Digk, 1.2 MB Floppy Drive, Math. Co-
Proceasar

w85 Serfay. 4 MEG AAM, B0MB Hard Digk, 1.2MB Floppy Drive, Math. Co-
Processor

486 Serlas, £ MEG RAM, 120MB Hard Disk, 1.2MEB Floppy. Math. Co-
Procassor '

GRAPHICS CARD + MONITOR

CGA card + monltor. Note: BOBCAD supporis this card in 2 color moda
only {for exampla Black and Whital. There will be no futurs developmeant
for this card.

or EGA Colorcard 640x350 rasolution and color mopitor

or VGA Colorcard 840x480 resolution and ¢olor monitar



INPUT DEVICES

Mouss (Microsoft compatibiel

Or Dipltizing Tablat {Summagraphics compatible) ar KURTA XLC {large
‘tablets).

Seannary can be used to scan a drawing or sketch. DRAFTSMAN Is neaded
to transfar & scennad image ito BOBCAD. For example aur customers ara
using @ LOGITECH hand-hekd scanner to scan a sketch. Tive Information is

than run through CRAFTSMAN and dthen Into BOBCAD. DRAFTSMAN is
optional from BOBCAD-CAM.

OPTIONAL OUTPUT DEVICES

Dot Matrix Printer {(g&n print drawing on paper|
Or Plottar {HPGL compatibla)

Or Lasar Printer or Desk Jat



Confiauring BOBCAD

To configure BOBCAD raturn 0 the DOS prompt and nm tha peogram
CADCFQ. This program updatas the conflguration file which is caflad
CAD.CFQ.

The following can be aet:

Graphics card: CGA / EGA f VGA

Azpact ratio {to makea sure circlas iook neund)

Color of screen, menu, entities {antities must ba white for the Print-
screan kay to wark wealll,

Start up scale and location of X-Y axis

X-Y axis diaptay

Mousa or tablet (Sx6, 12x12, 12x18 ¢r KURTA XLC)

Spaad of mouae

Automatic save intarval

Flotter part and pictter baud rate

Chain gap {Sets the gap that the chain select functions and the
SINGLE and AUTD functions in the MILLING MAIN &ENLI
will jump across).

Ta configure the CAM cuiput of BOBCAD refer to the saction NC
CONTROLLER : HOW TO CONFIGURE BOBCAD.






CAD EXERCISES

Saction2

Thi , ins the followl _—

2.1} GET TO KNOW BOBCAD: BASIC EXERCISES.

2.2} DRAWING A RECTANGLE WITH ROUND
CORNERS.

2.3} COPY/MOVE EXERCISES.

2.4} MIRROR EXERCISES.

2.5} ARC TOUCHING 3 ENTITIES.

2.6} DRAWING A PART {INTERMEDIATE).

2.7} ADVANCED EXERCISE.



BASIC EXERCISES

GETTING TO KNOW BOBCAD

YOUR FIRST EXERCISEL

In this sxercise you will le2m how to dravy Points, Linas, Arcs and Cirglas.

NOTE: Every 20-30 minutes S0BCAD will automatically ask you H you
want 10 save your drawing. You hava tha aptlan of either Yas or No.

Start with the first three functions in the POANT MENC as follovs:.

Firgt make sura you ara in the MAIN MENL: Hend the line on top of your
gcreen, {if it does not say MAIN MENU hit the "M* key an your keyboard
and you will raturn to the MAIN MENL).

Fram tha MAIN MENLU salact the function POINT as follows:

With the mouse move the HI-LUGHT to the function POINT ad then click the
left button on the mousa ta salsct this functon. You will now bhe in the
POQINT MENLU.

Tha PCGINT MENU looks like this:

POINT MENU
SKETCH
COORDINATES
INC. XY

END

INTERSECT
ARCCENTER
PERPENDICULAR
ON ENTITY

bl B ol



2ASIC EXERCISES

Mow, with the mouse mova the HI-UGHT bar In the manu to function 1.
SKETCH .

Naxt, click the laft button cn tha mouses.

Hesult @ the cursOr COMes DI YOUr SCroan.

WIth the mouse move the cursor 1o any position you want.
Mext, click the left button on your mousa.
Result: A Point wif Iz drawn on your saresn (shown as sn 'x’).

Again mowva the cursor with tha mﬁus&.
Click th# left button on tha mouse end another Point is drawn.

Ta get out ef this fuctlon elick tha right button on the mouse or hit the Esg
{(Excape kay| on your Keyboard.

Wall?t Was that simpla? (At eny time, if you run into difficuities, give us &
cali),

S0 remember: to $gect & function, move tha HI-LIGHT bar to the functicn,
than click the faft burtton on the mousa,

DAAWING A POINT USING COORDINATES

Select functlon 2. COORDINATE from the POINT MENL.
Now type in 2 for the X value and hit the Enter key.
Now type in 2 for the Y valus and hit tha Enter key,
Rezult: A point /s drawn at coordiates X=2, Ya 2

Mowv type |n 4 for tha X value and hit the Entes key,
Mow type |n 4 for tha ¥ value and hit tha Entar kay,
Resuft: A Polnt appaars &t coordingtes Xmd, Ymd

Mext, click the right button on the mousa to go back ta the POINT MENU
{or hit the Esc kay on your keyboard].



BASIC EXERCISES

HELP

Mow that you are back In tha POINT MENU hit the H key on your kayboard.
The help page will appear for the POINT MENU. Note: Eech menu has
help page like this. Ta turn Help off, select eny function or hit the H' kay.

Eupction 3.JINCREMENT

We will now draw 8 Point uaing the INCREMENT FUNCTION na follows:

Selact function 3. INC X Y (INCREMENT) from the PCINT MENU.

The cursor shauld ha back on the scraan.

With the mouse mova the cursod to one of the Points on the screen.

MNext, click the left bution on the mouse to pick this Polmt which will turn
cad. )

Mow type In -2 for the X value ard hit tha Enter key,

And typa in 0 for the ¥ vaive and hit the Entar key.

Result: A mew Polnt i drawn 2 Inches to the lalt of the Polnt that you

picked.

Tha cursos shquid atlll ba on the screen.

With the mouse move the cursor to another Point.

Click tha lsft button an the mouse 1o pick thia Point.

The many stlil shows the last veluas that you entared.

Now ¢lick the jeft button on your mouss or hit tha Enter key 1o accept the X
= -2 valua,

Mext typa in 2 for the ¥ valua and hit tha Enter kay.

Rasuit: A naw Polnt Is drawn 2 inches kit and 2 Inches up from the Poimnt

that you picied.
Click tha right bution on the mouse to retum to the POINT MENLU.
Click the right button.on the mouse again to return 1o the MAIN MENU.
You should now hava an idea of how you contrel BOBCAD through the

mouse. Hemsmber the Ese key on the keyboard gets you oui of any
function. The M key also gets you back to the MAIN MENU.



BASIC EXERCISES
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This leads us to the following very important informeton: The M key Is
callad & QUICK KEY. Many of the other keys ara alagc QUICK KEYS. For
example, when you hit the "L* key you Instanmdy go to the LINE MENU....
EROM ANY OTHER MENU.

To find out which ara the OQUACK KEYE ok at the coloved lettara In the
MAIN MENU. Try this now by hitting tha P key, now the L key, now the T
kay, now the Z key, etc.. you will notlca that yau go from manuy to manu.

SRS EEEAEEEEEEEEE R E PR R PR EE R YRR R R R RN EENA R R ENEEE N DR

We will now continue end work with soma of tha Lina drawing functions.

Hit the L key on your keyboerd to go to the LINE MENU. The following
menu appears:

LINE MENU

. SKETCH
COORDINATE
. JOIN
TANGENT

. PARALLEL
ANGLE

. CHAMFER
CONTINUOUS

DA DPHRWON=

Function 1. SKETCH

Now sehlect function 1. SKETCH from this LINE MENU by hitting the numhbar
1 on your Keyboard |As you can see you can algo selact a function by
hitting the numbar in front of it. You do not have to use tha mousse to select
a function).

The cursor should now b2 on the scraen.



BASIC EXERCISES

With the mouse move the cursor to whars you want the start of the Lina to
be and ¢lick the left button.

MNaxt, mova tha mouss to whare you want the end of tha Line to be and
click the left button again.

Rexudt: A Sne Iz dravwn on tha screon. ...

BUT__.YOU CAN NOW TURN THIS LINE INTQ A PERFECTLY
HUORIZONTAL OR VERTICAL LINE by typing In sn X or ¥ coordingate.

5o let's type in 8 coordinate, for example: 2 , and you see that the Line
snaps to bhorizontal or vertical (depending on the angle you Jdrav it at)
through the ecordinata that you snterad.

if you do not type in 8 coordinate but hit the right button on the mouse the
Lina wil| stay where it is.

Try drewing 2 faw more Lines In this manner.

Note: The SKETCH function that you just used i3 a8 frae-hand way of
drawing Lmas. Do not try t0 uss it to draw 3 Line from one axisting Point
an the scresn to another Point. It will not be accurata! To accurataly
connect two Polnts you must usa the JOIN functlon. We wlll try the JOIN
function later In this axarciss.

Now, return to the LINE MENU

Eunction £, COORDINATE

Select function 2. COQRDANATE from the LINE MENU,

Type in 1 for the X5 value !start of the Line) and hit the Enter kay.
Type in 1 for the Y8 vaiue and hit the Enter key.

Type in 5 for the XE value (and of the Line} and hit the Enter kay.
Type in B for the YE value end hit the Entar kay.

Rexull: A 45 degrae Ling is dravwn from T, 110 5, 5.



BASIC EXERCISES

MNow click the right butten on the mousa to axit the coordinata Input mManu
and ratum to the LINE MENU.

Function 3, JOIN
Select Function 3. JOIN from the LINE MENU,

After you ngve selected tha JOIN function tha cursor will now be on the
SCrean.

With the mouse mave the cursor to one of the Points on the screan.

Next click the left button on ih2 mousa to pick the Point. {The Point will
bacome red},

Now mova tha cursor to ancther Polnt that is not on a Line and click the left
button on the mouse,

Result: A Line /5 drawn that accurately joins the (wo points.

Tha curgor is still on the screen.

with the mouse move the cursor to the gnd of one of the Lines on the
scresn and click the left button on the mouse. (The Ling will turn red).

Now mova the cursar to the end of another Line end click the kft button on
the mouse.

Result: A maw Lime I drawit foiniag the emds of the Lines.

NOTE: With tha 2.J0OIN function that we just trled you can draw Lings that
join Pgints, the ends of Lines or Arca {or any combination of thesa),
Bocause a Line or Arc has two ends, it is important that you move the
cursor cioas to the end you want jolnad!

dow hit the Eac key or click the right button ¢n the mouse to go back 1o the
LINE MENL.



BASIC EXERCISES

Function &, PARALLEL
Now selest function §. PARALLEL from the LINE MENL).

After you have salacted this function the cursor will again be on the scraen,

With the mouse, move the cursor to one of the Lines an the scréan and
click the left button to pick this Una (which will tum red}.

Mow move the cursor to the skde of the Line whers you want the new Line
2nd click the leaft button.

Type In .5 far the distance and hit the Entar key.

Resuift: A Line &g drawn that Is peraiel 1o the Line you plcked a1t & distamce
of 0.5

Mow glick tha right button on the mouse or hit the Esc key on your
kayboard 1o return 1o the LINE MENLU,



BASIC EXERCISES
DRAVYING ARCS AND CIRCLES

Hit the 'A' key on your kaybeard to go Instamdy ta the ARG MENL.

The ARC MENU app=ars as follows:

ARC MENU

. SKTCH CNTR
. GOOR CNTR
. POINT CNTR
. FILLET

3 ENTITIES
CHAIN
ELLIPSE

wl O CR g 1 NI =

Euncticn 1. SKETCH CENTER
Salact function 1.8KTCH CNTR from the ARG MENL)

MNow type In 1 for the radius and hit tha Enter key.

Hit the Entar key again to accapt the dafaylt valus for the Start Angle.

Hit the Entar key again 10 accept the default value for the End Angle.

A gircla appears on the scresn.

LUge the mousge o move the circla to whera you want it and click the left

button on the mouse.
Result: A full Clrcle Iz drawn aroumnd the screen position you picked.

As you ¢can 3&a tha valua manu is back on the screen.



BASIC EXERCISES

To accept the ald valus of a radius of 1 Just hit the Entar key {or click the
laft button on tha mousal.

Again hit tha Enter key to accept O for the Start Angis.

Type in 1326 for the End Angle and hit the Entar key.

Naxt move tha 135 degree Arc with the mouss 10 whers you wsnt it and
than elick the lsft button on your mouss 10 pick that poaitlon.

Reguit: an Arc iz drawn srownd the screen position you plcked.

Nots: in BOBCAD Uke in most
CAD syztems Arca and Clrclas are
drawn counter-ciockwisa around
tha centsr of the Arc. 0 dagraas \ YT=axis {90 dagrass)
Is In the positive X-axis dirgction  Eod sengle

{3 o'clock position), 90 duagrees is \mtir-nluck
In the positiva Y-axls direction (12 wise
o'clock positicn) etc. This rule

doss not affect the CAM or NG

ﬂl.-l'lpl.lt. L I

BOBCAD dogs not makes a \ _..-‘""'" Start wngle
differance betwgen an Arc and a

Ctrele.  In most cases tha Clrcle il .
starty st O degress and then ends . X-axiv (0 dagzaes)
st 360 degrees. The start and end |

point of 8 Circle arq the same. You

musi remambar that full circles ara Figure sbowe how Arca and Circles
always broken at the © degrees are stored {n BOBCAD.

pasition.

Now retum 1o the ARC MENU by clicking tha right button on the mause.

E tion 2. COOR CNTR (C i C l
Select function 2. COOR CNTR from the ARC MENU.

Type in & and hit tha Enter key Tor the X-vafue of the center of tha Arc.
Typa in 1 and hit the Enter kay for the Y-valua of the centar of the Arc.
Type in 1 for tha radius and hit tha Enter key.

Type in 0 for tha Start angle and hit the Enter key.



BASIC EXERCISES

Typa In 180 for thwe End angle and hit the Enter kay.
Resuit: an Are & drawsr with center 6. 1.

Hit the right button on the mouss to retum to tha ARC MENL.

Function 3. POINT CNTR (Point Canter}

Selact function 3. POINT CNTR from the ARC MENU

Click the left button on the mouse to accept the defauh of 1 far the redlus.
Click the left button again to eccept the dafault valus for the Start Angle.
{lick the left button again te accept the dafault value for the End Angle.

The cursor |8 now on the screan,

With the mouse move tha cursor 1o a Point on the screen and click the left
butten on tha mousa th pick this Polnt {tha Point will now be red).

Rezult:r A fulf cirche i3 drawn sround tha Point.

As you can see the value menu is beck on tha gecragn.
Type in 2 for the radius.

Type in 39 for the Start Angle.

Type in 270 for the End Angle.

Tha cursor is back an the gcraen,

With the mouse pick another Point.

Resuft: An Arc Is drawn around the Point you picked.,
That's great - you finished the beginning exercises]

For more informaton on sl the menus and functions, look through the
section in thiz manual called MENUS.



BASIC EXERCISES

MNow your screen may be ciuttered with Emtitles {Entites are Paints, Linas,
Arcs, Dimenalons stc.). S0 lgt's get rid of them beform wa go on with

tha next axarcisg.

Raturn 1o the MAIN MENU and salect the ECHT FUNCTION.

You wiil gaa the folkowing manu:

EDIT MENU

ol ol

DELETE
DELETE LAST
BLANK
UNBLANK
TRIM

BRREAK

From the EINT MENLU salsct function 1. DELETE

You will now $g4a tha following megnu:

DELETE MENU

Ahn =

SINGLE
CHAIN
REGION
LAYER
ALL

Selgct function B.ALL from the DELETE MENLU. You will he asked the

question "DELETE ALL?" with choices 1.YES , 2.NO

Choose 1.YES.

Rozult: Evarything that was on e soraen i3 dafeted.

YOU ARE DONME WITH THE BASIC EXERCISES. YOU MAY WANT TO DO
THESE TWICE S0 THAT YOU BECOME CODMFORTABLE WITH HOwW
BOBCAD USES THE MOUSE AND KEYBOARD.

First take a coffee break or do something else before we go on!



RECTANGLE

YWa advica you 1o do this exarcise. It covers many funetionsl

B x 3" RECTANGLE WITH ROUND CORNERS

T AT

3.0

0.75

0.5
5.0

MNota: If you make a mistake press M. This allows you to start agaln from
the MAIN MENL.

Mote: You cen Qult at any time by hitting the Q key on your kayboard. You
will then gxit BOBCAD by choosing cne of the two quit functions.

Baegin the exarciza: {Refer to the figure shown above}

STEP 1: Draw the bottom Line a5 follows:
From the MAIN MENU select function LINE.

From the LINE MENU zalact function 2.Coordinate.
£ntaer the coordinates shown below:

XS-CODRD. = 2
Y&-COORD., = 2
XE-COORD. = 7
YE-COORD. = 2
Result: Tha bottom Line is drewn on the screen (refar o the above Rgura).



RECTANGLE

Hit the L key to return to the LINE MENUV

STEP 2:
Fraom tha LIKE MENU select function 5. PARALLEL.

Tha cursor :_huuld now be an the scragn.

With te mouse, move the curaor 1o the Line you have just drawn.

Click the left buttan on the mouge to pick thig Line ( you do not have a
mouse, mova the cursor with the srow kays. Than us the Space ber
on the Bottom of the keyboard to pick the poaition.

The Lina you hava picked wiil now be red.

Next: Move the cursor above the Line to Indlcata on which slda you want
the Parallsl fine to be and click the laft button an the mouse to [ndicata
this position.

Type 3 for the Distance and hit the Entar kay.

Resulft: The Top Ling Iis drewn parsfiel to the Bottom Ling.

Hit the Esc kay or the right button on the mouse to retum to the LINE
MENL,

STEP 3:
Fram the LINE MENU select function 3. JOIN

The cursor should now be on the screen.

Move tha cursor naar tha laft side of the Top Line and then click the left
buttan om the Moduse to sakect this and of the Lina.

Now move the cursor close to the laft slda of the Bottom Line and ¢lick the
laft button on the mousa to salect this and of tha Line.

Resuft: A #ne Iz drawn that Joins tha Top and Bottorry Lines on the left.

Draw the Lina on the right in the game way!



RECTANGLE

After you have drawn the Lings of the rectangle hit the Esc key on the
keyboard or the right buten on the mouse o ratum to the EINE MENLY,

Hit tha M keay 1o return 1o the MAIN MENLE.

STEP 4: ZOOM

From tha MAIN MENU, salect the Zoom functlan.

¥ou will now see the following menu:

Z00OM MENU
1. WINDOW

- NEW SCALE
. VIEW ALL

. SHIFT

. PREVIOUS

. REDUCE
3-D VIEWS

O AW

From the Z00M MENLU sglact function 1. WINDODW
Tha cursar i now an tha scraen.

With the mousa, move the cursor abowt T [nch to the lgft and below tha
lovver left corner of the rectangle. Click tha left button on the mouse.

Mow move the curser ebout 1 inch to the right end above the upper right
hand corner of the ractangle and click the left button on the mouse.

Result: A mew view & drawn showing the part anfarged.

Hit the M key t¢ raturn to thae MAIN MENU

STEP &: FILLETS
From the MAIN MENU selact the ARC function.

From the ARG MENLU zelact the function 4. FILLET

Move tha cursor closa to the riddle of the right hand Line of the rectangle
and click the left button ¢n the Mouga.



ARECTANGLE
Now mwova the cursor close to the middie of the top Lins.,

Again, ¢lkk the left button on tha mouse.

Type 0.5% for tha radius and hit the Enter key.

Resuli: A FBat iz drawn and the two Lines are frinumed pirtomalically.

MNaxt pick tha twa Lings forming tha Jowear rvighthand comear of the rectangla
in tha same way but do not type in & valus for the radivs. Just hit the
Enter key tu accept the default value of 0.5.

Maxt dravw the other two Filllets with radlus 0.7% as follows:

Movea the cursor close ta the middle of the laft Line and click the left button
on the mousa.

Move tha curacr closa ta the middle of the bottom Line and click the laft
urtton on the mouga to pick this Ling.

Type Q.75 1or the radiug and hit the Enter key.

Hit thq Eac kay tn raturn to the ARC MENL

STEP &: DIMENSIONS (Actual Dimensgions )

Press D to go directly 1o the HMENSIONS MENU. (By using the quick keys,
you can go directly from one menu to arother).

Ssiect function 1. HORIZONTAL.

Tha cursar ahould now ba on tha scraen.

With the mousa, move tha cursor rear the bottom af the left Line of the
ractangle and click tha laft button on the mouse to pick this Line.

Mext, move the cursor close to the bottom of the right line of the ractangle
and ciick the left button on your mouse to pick this Line.

Mave tha cursor 1o wherg you want tha dimension and click the taft button
on tha mousa.

Aesult: A horfrontal dimension is draven.



RECTANGLE
Hit the right button on your meuse 1o ratum to the DIMENSION MENL.

Seiect funcden 2.VERTICAL and rapest the above steps to draw the Vertical
Dimensicn. This time pick the right end of the top and bottorn Lines,

Hit the right button oh your mouse to retum to the DIMENSION MENU.

STEP 7. RADRIUS

Mowr dimension the Fillets as follows:

Salact the function RADIUE In the DIMENSION MENL.
With the cursor pick one of the Fillgta.

Mext, piace the Dimeansion whare you want it.
Dimansion the other Fillatg in tha samé YWaY,

If the drawing on your scrgan lacks like the rectangle on the first page of
this exarcize, WELL DONEI

HERFRHUHREERNR RN RN REERAEEERER RN

You ca&n now delets sverything as follows:

Hit E t0 go to the EDIT MENU (pressing tha quick keys does not work when
the cursor Is on the screen. In that case, you need to hit the right
button on tha mouse or the Esc key to get out of tha cursor modes.

Sedact function 1. DELETE

Salact B. ALL and answer Yes.



FASTER WAY TO DRAW A RECTANGLE

Prass the & key e go to the OTHER CURVES MENU.
You will ses the follbwing menu:

OTHER CURVES MENL
RECTANGLE
QFFSET

SPLINE

HOLE PATTERN
POCKET

CLEAN CIRC

TEXT PATH

GEAR

BB oL W8

Select function 1. RECTANGLE

Select method 2. COGRDINATES

Type 1 for tha X-coordinata of tha lowar left comer.

Type 1 for tha Y-coordinate of the kwer laft corner,

MNext, select method 3. INC X Y (INCREMENT)

Type 5 for the X increment {length of tha Rectangls]

Type 3 for the ¥ incremant (height of the Rectenglal.

Maxt do not type in & radiug valus but leave it at D and hit the Enter kay. (If
you type in 3 radius value emch corner will get the zame Fiilet. Our
Rectangle has diffsrent Flllsts).

Resuft: A Rectangle iz drawn of size 5x3.

Maxt draw the Fillets &8 shown in the prauiuus axerciga arkd glso dascribed
balowy:

Hit A to go to the ARC MENU.

From the ARC MENU secigct the function 4. FILLET.
Tha cursor s now on the screan.

Move thi Cursor ¢losa 1o the middle of the right Lina.



RECTANGLE

Click the left button on tha mouse.

Now move the cursor closa 10 the rmiddle of the tep Line.

Agaln click the left button o the mouse,

Type 0.5 for tha rediug and hit the Enter key.

Do the same for tha ¢thar comars using a radius of size 0.75 for the
cornara on the left.

A8 you can sea this is a shorter way to draw a Ractangle.

Return ta tha MAIN MENLU by hitting the right button on the mouss.



COPY/MOVE EXERCISE

The CGOPY/MOVE function s an extramely uzsful fumctdon. Wihh this
function you cam COPY, MOVE, ROTATE, MIRROR, BCALE and DRAG
Pointa, Lines , Arcs, Dimenslony and Surfaces.

Bafore vy start this axercise maeke sura that the scresn is claaned up as
follows:  You can exit BOBCAD asnd start from the beginning or you can
daleta awvarything if you de not want to axit.

If you have Elaments on the scresn amd you want o delate them than
procasd as follows:

Press E to go to tha EDIT MENL.
Salect function DELETE.

Salact function ALL and answar Yas.

BEGIN:
Bagin with a Zogom scela of 1. Do this ag follows:

Prgss Z 1o go to tha Zoom Manu.

Sedact function NEW SCALE.

Type In 1 for the scala and hit Enter.

Hit tha [ key {as shown in the prompt ling on the screen).
Type -1 for the X-ORIGIN than hit Entar

Type -1 for the Y-ORIGIM than hit Enter

Rasufi- The X-Y axiz Iz In the fower lafi corner of tha scraan.



COPY | MOVE
X {1.5,3.5)

0.15

{1,3} {1.5,3}

Draw the tooth shown above as follows:

STEP 1:
Hit P to go to the POINT MENL.

Salact function 2.CO0DRADINATE and anter 1 for the X-coordinate and 3 for
1the Y-coordinata.

Rosult: the left Polnt /s drawn.

STEP £;
Hit tha Esc key ar the right bunton on the mouse to return 1o the POINT
MERNLL.

* Select function 3.INC X-Y,

With tha cursor pick the Foint you heve just drawn. bt will turm red once
picked.

Nota: With BOBCAD the cursor doesn not need to be &n 1op of the Point or
Ling ar Arc that you want to plck. in fact, the cusrsor can be on tha othar
sida of the acrean and it will find the naarast Entity.

Typnm i 0.5 for X,

Type in O for Y.

Rasult: A naw Point is drawsn 10 the right of the Point you picked.

Draw the third Point using the same function.



COPY  MOVE

STEP 3:
Mext: Hh the right button on tha mouge 10 raturn 1o the POINT MENU,

Hit tha L key to go to the LINE MENU

Draw the 2 Lines by using the 3.JOIN function on the 3 Polnts a3 follgws:
Salect function JOIN from the LINE MENU.

Pick the lowaer right Paint and then the top Paint.

Then pick the lower left Point and the tap Point.

MNext hit the Eac key or the rigth button on your mouse o return to the LINE
MENU.

STEP 4.,

Press A to go to the ARC MENLL.
Salect 4.FILLET ard pick aach lina.
Braw the Flllet as shown with radius = 0.15.

Maxt hit the ESC key or the right burton cn the mousa as needed to raturn
to the MAIN MENU.

STEP 5,

Make 9 copies of the tooth as follows:
Selact function COPY f MGVE frem the MAIN MENLU.
You will s2a tha foilowing menu:

II"I‘I‘WF’T’*III'
1. TRANSLATE
<. ROTATE

3. MIRRGR

*hunerppOYyERne

o. TRANSLATE
7. ROTATE
B. MIRROR



CORY f MOVE
Salect functon 1.TRANSLATE from the COPY Sectlon.

Selact function BY POINTS from COPY: TRANSLATE. BELECT VECTOR
CPTION.

Naxt salect function 1.5INGLE and the cursor comas or the SCreen.

VWith tha cursor pick the 2 Linas and the Arc. They will turn red when you
gelect them. )

STEF &:

When you have picksd all the Entitlas you need to hit the right button on
the mouss.

Answer "NO" for More antitias.

The cursor is now on the scraen to establizh the ransistion vecior,

When it says "Indicate "from’ point” glck the left Point,

wWhen It says "Indicate "to' point™ pick the right Point.

Type in 9 for tha number of copi=s and then hit Enter.

Resuit: 10 resth will sppasar pg shown below.

VVVVV VY




COPY f MOVE

EXERCISE IN MIRRORING

STEP 1:
Draw Line 8 8% zhown in the above drawing {Just use any function you
lika).

STEP 2:
Aftar you have drawn Line B then:

From the MAIN MENU select function COPY/MOVE.
From the COPY MENU select functlon MIRROR.
The cursor is now on the screen.

Pick Linas B as the mirroring Line.

Nota: BORCAD can Mirrgr in any Ling, If you want to Miror in the X or Y
axis you must draw & Ling thet lies on the axis.

Fick all the taath vging eithar the SINGLE, CHAIN or REQION salact mathod.

Rasull: AR the feoth are drawn mirrored In Line B,



EXERCISE: ARC TOUCHING 3 ENTITIES

Cleer the screen a8 follows: (as you learned earlier):
Hit M for the MAIN MENU.
Hit E for the EDTHT MEML.
Sslact 1. DELETE
Select B. ALL
Salact 1. YES

Finally hit M for the MAIN MENU.

A . 11 dr
F
Cirgle 3
B E
c
O Circle 2
A
Circle 1 D

First draw the above figura as follows:

STEP 1: Draw Circle T
Prezs the A key to go ta the ARC MENLU.

Sglect function 1.8KTCH CNTR from the ARC MERL.

Typea in 1 for the radius and hit the Entar Key.



ARC TOUCHING 3 ENTITIES
Eo not typs In a start angla but just hit the Entar key to accant the O vaiue.
Hit the Enter key again to accept the 360D value.
The CIRCLE is now on the scresn.

With the mouse move the CIACLE to a position whare you want the Clrcle
to b and presa the left button on the mouse to plck thia positlon.

Result: Chrcle T is drawn.

STEP 2:

Tha cursor i5 still on the scresn.

Do not type in any values but just hit tha Entar key 3 timas lor the left
button on tha mouse 3 timas).

With the moisaa move tha Cirgle to e poaition whera you want the center of
Circle 2 to be and prass tha left button an the mousa.

Regpdt: Chgle 2 i drawn with the same radius.
Draw Cirgle 3 in tha same way.

NOTE: MAKING A MISTAKE

If an Entlty comes out differently from tha way yvou wanted It, dalate it as
foliows: .Juat press the ‘DEL' key (it also has '.* on thet key! 10 dalets the
iast Emtity you hava drawn. The NUM LOCK key must be ON for this to
weork. Qr: prags tha E kay 1o go two the EDIT MENU and uza function
DELETE LAST.

STEP 3: Change the CURRENT LAYER

Prass the right button twice on the mouse to go to the MAIN BMENLU.
Salect function LAYER
You will sea the folllovwing manu:

LAYER MENU

1. NEW

Z. SHOQ ENTITY
3. MOD ENTITY



4, BLANK ARC TOUCHING 3 ENTITIES
5. UNBLANK

Mext selact function NEW from the LAYER MENL.
Type In 20 lor aryy other numbar up 1o 999) and hit tha Enter key.
Result: The number you have typed I shown In the lowsar lgft corner of the

scrogn. From how on any sew Entity you draw wi¥ ba on this lsyw. You
will sop ater ot In this fesron why thiz Ia uzaid.

STEP 4;
Prass the A key to return to the ARC MENU.

Salact functlon 5.3 ENTITIES from the ARC MENU.
Tha curags is now on the acraon,

Maove the cursor cloge to position 'A' (see the drewing et the baginning of
this exqrcise).

Hhit the left button on the rmousa ta pick Circle 1.
Next pick Circla 2 at positlon 'C'
Next pick Circle 3 at position ‘E’.

Rogpdt: An Are ix drawn that touches Circles 1, 2 snd 3 et positions ‘A", 'C’
and "E*,

STEP E:

The cursor 19 =till an the screen.

Repeat the above procass but this tima pick Circla 1, 2 and 3 at positions
'B', 'D" and 'F' In this order.

Aesult: & new Arg I drawn that touchss the samme Clreloy on the outside.
Nota: Remeber that In BOBCAD all Arcs are drawn coutse-clockwiss. kn

thia function the first Entity that youw plck will be the start of the naw Arc
and tha last Entlty that you pick will be the snd of tha new Arc.



ARC TOUCHING 3 ENTITIES

STEP £: BLANKING

Hit the right button on tha mouse to raturn 10 the ARC MENU.
Frass the M key t0 go to the MAIN MENU.

Salact functon LAYER from the MAIN MENU,

Select function BLANK,

Salect function LAYER # and typa in 20.

Resuit: AN Entitlaz that you have drawn on fayer 20 wil now be blanked
{they ara not deiated, tiey are jirst mada Invisiia)

Circles 1, 2, and 3 shouid 21ill ha ¢n the scraanl

If you want you can prass tha R kay to Repaint {Redraw) tha scraen.

Go bsck to the ARC MENU and agnmaalaut Function 3 ENTITIES.

Pick tha Circlas et different positions. For example, try these cembinations:
‘Al 'DY, 'E', positions 'C' . 'F, 'B'. positions "B, "C", "E'.

STEP & -
Again Blenk layar 20 lag in STEP 8} s0 that only the 3 Clrcles ramain on tha
ECranm.

Prass the P key to go 1o the POINT MENU.

Salect function 8. ARC CENTER from the POINT MENC,

With the curscr pick Circla 1.

Reswit: A point Is drawn at the coimier of Gircle 1.

SI1EP &

Hit the right button on the mouse 1o ratum o the POINT MENU.

Preas the A key ta go to the ARC MENL.



ARC TOUCHING 3 ENTITIES
Selact function 6,3 ENTITIES from the ARC MENU.
VWith tha curagr pick the Paint at the center of Circla 1.
Naxt with tha cursor pick Circle 2 at C.
MNaxt with tha cursor pick Circle 3 at E.

Resuft: An Are b= drawn that touches the three Entithes.

STEP 10: LIMITED SEARCH
First, with the curger pick Circle 3 at F.

Naxt with the curgar pick the Point at the center of Circle 1 BUT WATCH
OLUT!l

When you mowve the cursor closs to the Polnt to pick It , the cursor [s just as
close 10 tha Point 85 to the [nside Arc you have Just drawn. Instaad of
pregsing the laft button on the mouss, prass the P kay on the kevhoard.

Now BOBCAD knows to search for the nearast Point only without picking
the Arc. (See the sectlon called QUICK KEYS In this menyal far othar limited
search keys).

MNext pick Circle 2.

FINALLY: Hit the right button o the mouse 10 return to the ARC MENU.
Mext hit the M kay to go to the MAIN MENU. Select functlon LAYER and
LINBLANK layear 20,

SUMMARY: The function 3 ENTITIES and FILLET can draw Asrcs touching
any combination of Points, Linas, and Arcs.

ADINTIONAL EXERCISES: You c¢an du some mors by trying out the
fungtion 3 ENTITIES an 3 Pointg or 3 Lines.



DRAWING A PART
{INTERMEDIATE EXERCISE}

Thiz part ean bs drawn guickly bacagse it & symmetricel. After you have
drawn it cnce, delgta it end draw It again to get more experianca. You will
find you draw it in haif the time tha second time eroung.

Go to the FOINT MENU and select 2.COORDINATE.

1.0raw Point 'A'gt X =4, ¥ = 3.

2. Draw Circle "B’ as follows:

In the ARC MENU use function POINT CENTER.

Mext anter radius = 0.5,

Next do not type In the gtart and end angle but Just hit the Entar key.
With the cursor pick Point "A'

3. Continue whith the same function to draw Are 'C' ag follows: Ent=r radius
= 1.5, Entar start angla = -1C¢, end angle = 114. Mext pick Point 'A’
again.

Mote: the start and and angles that we typed in are just a guess. Arg 'C' will
gat trimmed ster on in this axercisa.



PART DRAWING

MIAROR LINES

BOBCAD lprs you mirrgr in any Ling &t any angle end position. This dogs
reguire that a Ling ig thare. Draw Lineg 'D' and "E' rmow. For exampla draw
Line 'D' an the Y-AXIS with cogrdinates X5 = 0, ¥YS = 0, XE = 0, YE = 3.
{Note the Line Iz drawn on tap of the Y-AXIS., You can sed the Line batter If
the ACTIVE COQLOR Iz differant from tha MENU COLOR. Anather option Is
to turn the X-Y AXIS off In the CUSTOM MENLY.

Draw a horizontsl Lina (Line 'E’] on tha X-AXIS., For axampla, with
coordinates X5 = 0, Y5 =D, XE = 5, YE = 0.

MIBRORING
In the MAIN MENU select the function COFY/MOVE.

MNext, select COPY 3. MIAAROR 2nd pick Line "D' as mirroring Line.
" MNext, galect SINGLE from tha menu and pick Circles 'B' and 'C'.

Mext, hit the right button on the mousa. Answer NO to selecting more
Entitles and you will gst the mirrorad Clrcias.

EILLETS
To draw Fillet 'G' use the FILLET function In tha ARC MENU g3 follows:

After you salect function Fillat, pick Circla 'F* gt tha top approximatehy
where Fillet "Q" gtarts from. MNext pick Cirgla "C' approximately whera Fillet
"G" would end. {Remembar that Arcs, Circles and Fillets always are drawn
counter-¢lockwisa), Next entar radius = 5,

Ag you can see Circles 'F' and 'C' got trimmed automatically.

MIBRRORRING AGAIN
Use the MIRAROR FUNCTION egain to Mirrar everything in Line "E*. {You can
usa REGION 1o plck the Entities].

Aftar you have mirorad do 5 Zoom 35 needed.
Draw Fiilets 'H' and 'J' in the same way as above. Ramember to pick as

tha first Circle where tha Flllet wiil start , and a3 tha second Circla whare
tha Fillet will and. Thia time you do not have 1o anter the radius because



FPART DRAWING

whean the sysiem asked you for the Radius size, it told you that the defauh
was 5. This maans you |ust have to hit the Enter kay or the ft button on
ths mousa 10 accant that valus.

CENTER ISLAND
Draw the Cemter Islond as follows: Saelect S.CONTINUGLUS In tha LINE
MENL.

Select 2.COORDINATE.
Type in the start coordinates of the string: X = -2, Y = -.25
Select function 3.NC X . Y

TYPE IN: INCX = 4
INC Y =

NEXT TYPE IN: ING XK =0
IHCY = G.b

NEXT TYPE IN: INC X = -1.78
INCY =0

MEXT TYPEIN: INCX =10
INCY = 1,65

NEXT TYFE IN: INCX = -05
INCY =0

MEXT TYPEIN: INC X = 0O
INCY = -1.55

NEXTTYPEIN: INC X = -1.75
INCY =0

Maxt Hit the Esc kay.
MNaxt salact function JOIN and with the mousa pick the baginning
of tha Continuous Line,

EMD QOF EXERCISE .



ADVANCED EXERCISE

This is 8 Mo advanced part snd requires that you sre familier with the aarlier
axerclygs,

Start 8 new drawing.

1.Use the POINT COORDINATE function to draw Point 'a" st X = 0, ¥ = 0.11
and Point "B  at X = D145 Y = 0,205

2.8 the ZOOM: NEW SCALE function: enter 0.35 for the new scale. Pick the
origin 4s the new center.

3. Use function ARC:POINT CENTER
to draw Arc 'c' around Point "a° 145
with radivs = 0,09, start angle = 1
80 mnd and angls = Z70. Draw Arc
‘d* around Point "’ with radiuz =
0.25, start anglea = 70 and end
angda = 1B0. (These are
aproximate anglas).

Draw Are ‘e’ around Point 'b" with
radius = 0.08, start angle = 180
and end angle = 30.

4.Use Z00M: VIEW ALL to enlerge
the 3 Arcs,

5.Usa the LINE TANGENT function to

draw Lings "L1° and "L2'.



ADVANCED

L4

T

€. Use the TRIM: ONE ENTITY function to trim Are "e” 1o Line "L2°.
Trim Arc 'E' 10 Lineg L2’
Trirn Are "D" 10 Ling *11°.
Trim Arc "E" to Lina 'L1°

Nota1: If your trim goes wrong then hit tha BACK SPACE key on your keyboard
10 restors tha previcus Entitias. This only works while you sre sill in the trim
funation.

Mote2: IMPORTANT. It it Important that when you pick tha Emtity that you want
to tim that you place the pursor closs 10 the interssction of the two Enthtles.

7.Draw Ling 'L3' on the X-axis using tha LINE: COORDINATE function [use
approximnations Tor the X valuas).

B. Orew n vertical construction Ling 'C1' with coordinates XS = -.055, Y3 = 0,
xE = ‘lﬂEEp ?E- - D.II

2. Use functlon ARC: 2 ENTITIES to dmw Are "I (The axercise ARC: TOUCHING 3
ENTITIES tanchas you how 10 uss this function)

10. Trim Lina 'L3" to Arc 'F'
Trim Asc 'C" to Arc 'F'
Delete the Vertical Line "C1'.

11. Twica do a Z00OM:REDVKCE.

12. Draw Ling ‘L4" using the LINE ;SKETCH functlon with ¥ = .33



ADVANCED
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13. Drew Fi3at 'G' with radius = .09

14, Draw Arc "H" as follows:
Liga the LINE SKETCH funttion to dmw a Vartical constructdon Line "C2' with
X valus = -.83, Make surs the Lina starts below Lina "L3"' and ands above
Lina "L4",

15. Une function LINE:FPARALLEL to draw a Line "C3* at 0.25" to tha right of
congtruction Line "C2°.

18. Use the TRIM: ONE ENTITY functicn to trimn Lime "L4" to construction Line
'C3.
Usa function POINT: END to draw a Point et the left end of ‘L4’

17. Use the ARC:FILLET function to draw Arc "H' with mdiusa = 0.03 batweaan
L3 and 'C2°'.

18. Ugg the LINE TANGENT function to draw L5 batwasn tha lagt Point that you
have drawn and Arc "H'.

19. Daleta construction Ure "'C2" and "'C3*

20. Uzga the TRIN:ONE ENTITY function 10 tim Arc "H" to Live "LE"

END OF EXERCISE —_




3-D EXERCISE
1.DrawaPointat X =0, ¥Y=0

2.Draw aCirclaat X = 0,Y = (, Radius = 3, Start angle = 0,
End angle = 359,

3. Salect function THREE - D from the UTIUTIES MENLU.
Next: salect functlon TURN 3 - D ON.

4, Naxt: hit the Z kay 10 go to tha ZOOM MENU.

MNaxt: salect function 3 - D VIEWS.

Naxt: aelact function FRONT X - Z.

Mext: hit the right button on your mousa to return to the Z00M
MENL,

Next: selact function REDUCE in the Z00M MENU once,

5. In the ARC MENU selsct function COOR CNTR.

Drawan Arcat X = 4, Y = 0, Z = (0, Radius = 3, Start Angle =
0, End angle = 80.

{Nota the Arc is drawn in the plana of the acrean, which Is the X-
Z plane}

6. Hit the Z key to go to the ZOOM MENLU.
Naxt: selact function 3-D VIEWS.
Next: salect function DEFALULT.

7. Hit the U key to go to the UTILITIES MENU.

Next; setect functlon THREE-D

Mext: salect function INTERPLT.

Sat the number of divisions to 20.

Select SINGLE and pick the Arc that you have drawn last,



8. Next: sslect functicn SURFACE from the 3-D MAIN MENU.,

Next: salact function FOLLOW CURVE.,

Fick the full Circle ag the contour to be ofiset.

Pick the inside of the Circle as tha side of the tool.

Mext: hit the rght button on the mouse when it agks INDICATE
NEXT / LAST ENTITY as thera is anly one ertity.

Angwer YES to the question SELECTION OK ?

MNext: pick tha right bottom of the 20 degres Arc (which is now
actually a chain of 20 Lines) and indicate direction up slong
the Arg.

Hit the ] key (naxt ta the Emter key) to go 1¢ the and of the curve
untill it is completaly red.

Resuft: A sphere is drawrn




2-D EXERCISE
0. Start a new drawing.

1.DrawaCircleat X = 0,Y = 0, Redius = 3, Start angle = 0,
End angle = 358,

2. Salect function THREE - D from the UTILITIES MENLL.
Mext: salact function TURN 3 - D ON.

3. Next hit the Z kay to go to the ZO0OM MENLL

Neaxt: selact function 3 - D VIEWS.

Maxt: select function FRONT X - £.

Next: hit the right buttan on your mause 1o raturn to the Z00M
MENL.

MNaxt: selact function VIEW ALL in the Z0OM MENLU.

MNeaxt: selact function REDUCE in the Z00M MENU twice.

4. In the ARC MENU sealect function COOR CANTR

Drawan Arcat X = 6, Y = O, 2 = 4, Radlus = §, Start Angle =
270, End angle = 310,

fNore the Arc Is drewn In the plana of the screen wm'ch is the X-Z
plana}

5. Draw a Line with coordinatas X5 = 4, ¥8 = 0,25 = 0, XE =
8, YE=0,ZE =0

6. Hit the T key on your keybcard to go to the TRIM MENU.
Selact function TWO ENTITY and trim tha Arc to the Lins.

7. Hit the £ kay 10 go to tha Z00M MENL,
Next: select function 3-D VIEWS.



Mext: selact function DEFALULT.
8. Next: use tha DELETE MENLU to delate the Line.

9. Hit the U key ta go to the UTILITIES MENLL.

Maxt: selact function THREE-D

Next: select function INTERPLT.

Sat the number of divisions ta 20,

Select SINGLE and pick tha Arc that you have drawn last,
Aesuft: the Arc Is now broken into 20 Line segments.

10. Nex: select function SURFACE from the 3-D MAIN MENU,

MNext: select function FOLLOW CURVE.

Fick the full Circle as the contour to be offset.

Pick tha inside of tha Circle as the side of the tool.

Meaxt: hit the right button on the mouse whan it asks INDICATE
MNEXT / LAST ENTITY as there is only cne antity.

Answer YES to the question SELECTION QK 7

Mext pick tha right top of tha Asc {which is now actually a chain
of 20 Lines) and indicate direction down along the Asc.

Hit the ] key (naxt to the Enter key} to go to the end of tha curve
untill it is completely red,

Resuft: A dish is drawn







CAM EXERCISES

Section 3

3.1} CAM EXERCISE #1 (with editing}
3.2) CAM EXERCISE #2

2.3) ROUGHING A PART

3.4} 3-D PART: RULED SURFACE
3.5) 3-D PART: P - TRAP

3.6) 3-D PART: CROSS-SECTION

3.7) EXERCISE BY GARY SVENSON OF SVENSON
MACHINE. NC PROGRAM INCLUDED.

3.8} EXERCISE BY GARY SVENSON FOR
DYNAPFPATH DELTA 10 CONTROL. NC
OUTPUT FILE AND MILLCFG ARE INCLUDED.



CAM EXERCISE ¥1

This is a simple 2.5 Axis exsrcise which shows you how 1o draw an outling
ard than machine it.

From DO3 type : G0 \BOBCAD (snd hit the Emer key] to go to directory
BOBCAD,

Next typa BOBCAD to atart BOBCAD.

Now you will san tha START OPFTIONS MENLU on the screan.

Hit tha rumbaer 1 on yowr kesyboard to asiect option 1.5TART A NEW
PDRAWING.

Now you will se8 the X-Y Axi3 on your SCIe8n.
Typa In a name for the drawing for axample: TEST and hit the Entar key.

The MAIN MENL! Is now on the §Cragn.

Draw ling A (288 drawing batow) as follows:

20

—

25
@

. 3

) 10

With the mouse move the hi-light in the meny up or down untill you ara on
the LINE function. Then click the laft bution on the mowsa,

You sre now in the LINE MENLU.

MNext: With tha mause polnt 8t function 2.CO0ORDINATE In the LINE MEKU
iand click the laft butten on the mause again|.



CAM EXERCISE #1
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Mext type In the foilowing coordinatas:
Typoe in e velue 1 for the X START COORDINATE [and hit the
Enter kay] -
Typa in the velue 1 for the ¥ START CORRDINATE.
Type in the value 4 for tha X ENO COORTHMNATE.
Type in the value 1 for the ¥ END COORDIMNATE.

Assuitr Line A’ Iz drawn on the SCragn.

MNaxt drawy lineg "B’ uaing the follewing coocvdinates:

X-START =1
Y-5TART =235
X-END = G
¥-END = 3.5

Before we continue lats FO0M [N a3 follovs:

Hit the "Z" key on your keyboard to go to the ZOOM MENL.

Mext salact function WINDOW from the Z00M MENL,

With tha mousa move the cursor to about X = O and Y= 0 and then click
the left bitton on the Mousa,

MNaxt with tha mouss move the cursor so that you get 8 box sround the two
lings on tha scrasn lkkaving a ot of spereca and then click the laft
button on tha mouse again.

Reswit: The part appears enlarged.

Mote: if the ZOOM scale is not the way you want it than usa the other
functiong in the 200 MEMNU untill It Is the way you want it.

Mext hit the right button on the rmousa to exh tha ZOO0M MENLU angd 1o
raturn to tha LINE MERNL).



— CAM EXERCISE m

=

& 2
d h

Al 110 ]

Mext draw ling "C' using the following coordinates:
X-START = 4
Y-START = 1.5
X-END =5
Y-END = 1.5

MNext draw line "D' using the following conrdinates:
X-START =5
Y-START = 0.5
X-END = §
¥Y-END = 0.8

Nasat hit the right button on the mouse to exit the LINE COORDINATE MENU
ard return to the LINE MENL,

Fram tha LINE MENLU zelect function JOIN.

Next with tha mouse move the curtor to the left snd of ling A &nd hit the
left bution on the mouse to pick that and.

Next in the sama way with the mouse and the cursor pick the left #nd of
lirva B.

Rasult: Bne £ i drawn,

Next with the curscr pick the right end of line A.
Next plek tha left end of line C.

Continua to join the ands of the other lines untill you have the final shape as
shown in the above drawing.

When you ere done hit the right buttan on your mouse or the Esc key on
your keyboard.

it your part looks like that In the above drawing, WELL DONE | It i3 now
ready for the CAM MENL,



MACHINING THIS PART USING THE CAM
PORTION OF BORBCAD,

Hit the 'N' key to go to the CAM porticn of BOBCAD

Maxt galect function NEW FILE to start s new HC program.

Ty in & nama for thea NC cuput flle for axample: TESYT and hit the
Entar kay.

You gre now in the MILLING MAIN MENL.

Salact function FOINT 80VE from tha MILLING MAIN MENL.

Mext with the cursor plck tha lower laft comer of the pert.

Rasult: A rapid move Is mada to the part and the code fs shown on
the boettom of your screen as GOO XT.0000 Y1.0000 Z 1000

Next: Select function TOOL UP/DN fram the MILLING MAIN MENL.

Note that the default cutting depth ls shown in function 5.Z=-
1.2500.

Next: Select function TOOL DOVWN.

Mext: Bacause the faed rate ia stll ar rapid you will gat a warning 1o

salact the FEED MODE.

Resuit: The teol plunges down 16 the cutting depth and tha codes /s

Hhown as G071 Z-1.2600.

Maxt: Select function SINGLE from tha MILLING MAIN MENLU.
Next: With the cursor pick line "A" which will turn red.

Next: Move tha mousa 10 the right end of line "A" so0 that the arrow
paints 1o the rdght and click the laft button en the mousa
Result; fine A geis cut snd the code is addad to the battom of the

scraen 85 (G0} X4.0000

Mext: select function SINGLE in the MILLING MAIN MENLU again.
Result: BOBCAD avtomatically finds the next mova,

You can uga SINGLE stap or you can usa AUTO to cut the rast of the
part.

Lets use AUTO 1 cut all the way around tha part as follows:

Seket function AUTO from the MILLING MAIN MENU.

Next: with the cursor pick ine E as the last line to ba cut.

Resuit: the part Is cut up to fine E.

If you wera to Quit right now ¢ut of BQBCAD thiz NC program would
get saved undar the nerma TEST.TAP. Than run GEOTALK to send It
to your CNC maching. But don't quit yet.....

MNote: The NC can be configured by running MILLCFG.

v CONtinuad



EDITING THE PART

Unlika other CAD-CAM systems, with BOBCAD you can EDIT the
NC program while you create it. Do this as follows:

While in the MILLING MAIN MENU hit the F2 key on your
keyboard.

MNext from the EDITOR MENU salect function EDIT BLOCK.

Resuft: A text cursor sppesrs on the bottom fine af code and sn
arrow points to the Line thet this code balongs to.

Move the cursor up with the mouse. The red arrow will mave to
show yOou were you ara on the part,

For sxamples move the text cursor all the way up wntill it can go
no furthar. Now move it down 3o that it is on the first G0
mova {where the tocl plunges into the part}

Next: with the moause bring the text cursor 1o the end of that
block .

Next: click the [eft button on the mousa 50 the bright text cursor
is thara.

Mext typa in a fead rata, for example: FZ20.0

Hit the Esc key or tha right button on the mouse to exit the
Edftar.

Hit the right button on tha mguse again 1o raturn 1o the MILLING
MAIN MENLU.

Use the TOOL UP/DN function to bring the togl back up again,
This was a simple straight forward cutting of a part, no cutter

compensation et¢. You can now guit out of BOBCAD and the
MNC program will be saved under the name TEST.TAP.



CUTTER COMPENSATION

If your CNC machine sccapts 341 snd 042 codex then you would bs
dravving the outline of the final part and use G41 and G42 codez to
tull the CHNC machine to ofisst the tool.

If your CNC machine doss not sccept offset commands or you prefer
te program tod center then in BOBCAD thare ara seversl fmncticns
that ket you draw tool center very rapldiy as ahown in the following
eXample.

Wea will mow uses the 2-0D shaps thet you have drawn in ths first
axarcise.

We are going to machine this part on the oulsida.

Hit the 'O" key to go 1o the OTHER CURVES MENLL.

Maxt gelact function QFFSET from the GTHER CURVES MENL.

Next sglact functon CHAIN

MNaxt antgr QFFSET DISTANCE = (.25 [(Half the tood diametar)

Naxt with the curacr plck line "A* 30 it turns rad.

Next move the mouse under Line "A* and naer thg right gnd of Bng "A"
s0 thet tha tool will ba on the outside of the part snd direction
paints to the right (then click the laft button of the mMouse).

MNext hit the 'J" key (squers bracket next 1o the Entar key on your
keyboard] 1o o 16 the end of tha shape.

Aasuit: the whola part turns red.

Answer YES to the question SELECTION DK ?

Resuft: an Qifset curve is drawn on the oulside of the part which you

Can ROW uSe 85 the todd centar path. isee drawing balow)

| 4=



Note: As you can 39¢ BOBCAD OFFSET CURVES sutomaticslly
ganergts an Arc around sach shamp comes for smoother machining.
Function OFFSET CURVES aluo checks fiw ool Intarfarance as shown
in the part beiow with ths ool not going o the dovetell Becauss the
dismater |8 100 large.

N L




CAM EXERCISE #2

This ig another siinpla 2.6 - axis part,
Pleass note tha follbwing: This exercise wili go through many of the

functions of BOBCAD. Peopls who have pregrammad N.C. machines bafore
or arg familier with CAD or CAM systams will find this an sasy exarclae.

HASEEEEEEEEEEEEENEFEEREENEEFEERNERFA RN R E R R RN R RN

If you arg having difficulties doing this part, work through the axarcise aonca
and then do it again and once more. You will find vou get faster and faster.

AR e R o B NI R R R
Start BOBCAD as folloyys:

Nore: Before you srart pisase naote: Every time you furn 0 yOUur computer
you rust inftiafize your mouse as described i the manual that ceme with

your mouse {Generally this /s done by typing "“MOUSE' but vour computer
may be sat ug ic do this automatically)

Type: CDABOBCAD land hit the Enter key).

This will bring yeu into the Directory whare BOBCAD sits.
Typa: BOBCAD.

MNow you will 5ee the START OFTIONS MENU on the screan.
Hit the number 1 to selact optlon '1.5TART A NEW DRAWING',
Now you will see the X-Y Axis on the acraan.

Typa in a name tor this drewing tor axampla EXERCISE and hit the Entar
key-

Tha MAIN MENU iz now on tha scresn.



CAM EXERCISE #2
Wa will draw lina A {386 drawingl aa follows:
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With the mouse move tha hllight in the manu up or down umtil you sre on
the LINE functlon. Then click the left button on the mouse.
Ragult: the LINE MENU & on tha screan.

{if you mads a miatake and sefected tha wrong function hit the Esc key [aft
top keyboard} to return to the MAIN MENU. Than start Bgain from thara),

With the mousa, point at function 2.COORDINATE i the LINE MENCU {and
click tha taft button on tha mouse).

MNaxt:
Typa in tha value 1 for the X START COORDINATE {and hit tha Enter key).

S
Type in the vaiue 1 for tha ¥ START COORDINATE [and hh the Emter kuy).
Type in & for the X END CCOADINATE.

Type in 1 for the Y END COORDINATE.
Rezult: Line ‘A’ Iz drawn on the screan.



CAM EXERCISE #2
Hit the Esc key (top left qi; keyboard) to raturn to the LINE MENU,
Now draw ling'B' on the drawing as foliowd:
From the LINE MENU salect function 5. PARALLEL.
Requdt: the cursor i on the screen,
With the mouse move the cursor 10 Line "A' and click the left button.
Result: Lime A" now has & red color to show you that you have picked it.
Nﬂ.lit move the cursor above line A and click the left button on the mousa
again. ‘
Naxt type in t_he.'r distancaf.z {and hit the Enter key).
Raswit: Line ‘B’ Is drawn paraliel tf ne ‘A’ {2* above it).
Now hit the Esc key or the right button on the mousa to retum to the LINE
MENU.
Draw tha tina 'C' aa follows:
Select function 3. JOIN from tha LINE MENL.
The cursar i back on the screan,
Wit_l'l the mouse pick the left ends of Line A and B to join them.

Result: iine " iz drawn.*'

MNeet hit tha right button on the mouss (gama as Es¢ key), To retumn to the
LINE MENL.



CAM EXERCISE #2
MNow draw Line 'D' using the angle function as foliows:
Sadact function §.ANGLE from the LINE MENL.
MNext with the mouse pick tha right hand and of line "A".
Maxt typa in the ANGLE 1095 {and hit the Enter key). Typs In lzngth 4.
Rasule: Line ‘D' Iz drawn.
Hit the Esc key or tha right buttan on the mouse to raturn 1o the LINE
MENU.
Mext draw Ling "E" {Llaing the 5, PARALLEL function again) as follows:
Salect function B, PARALLEL from the LINE MENL.

With the cursor pick Line 'D' (which will turn red}.

MNext mova the cursor to the faft of Ling 'D* ang click tha aft button to
indicata that side.

Next accept the distence of 2 by hitting the Entar key or the ket button on
tha moeuse (the program rememberad the valug of 2 from the last thme).

Rasuft: Line E i= dravn.

Mext hit the Esc key (or the right burton on your mouse) 1o return to the
LINE MERNL.

Nowr join the fop ends of Lings D and E using the A. JOIN functlon
from the LINE PAENU tha same way as you did bafora when wa drew
Line C. {Look at the instructions on the bottom of your scregn 1o
ramind you what 1o doy.

iLine F is not shovwn on the drawing but wa will use it for drawing
Arc 'F').

After you have drawn the 1lne uging 3. JOIN function hit the Esc kay
it return to the LINE MENLL.



CAM EXERCISE #2

Quick Kevs

The purpoge of the Quick Keya is to 9o to a meny Instantly. The Culck
Kays arg shown as coigred latters in the Menus.

Hit tha A key 10 g0 10 the ARC MENLU instanthy.

Mow draw Arg F using function 5,2 ENTITIES by selecting this function from
tha ARC MEML.

With tha cursgr pick Lina I, naxt pick Ling F, naxt pick Ling E.

Result: Arc F B drawn,

Hit the right buttcn on the mouse to retum to the ARG MENL).

Trimming
MNow wa will trim Linga € and B to each othar as follows:
Hit Quick Kay T 1o go 10 the TRIM MENL.
Select function 3. TWO ENTITY from the TRIM MENU.
With the cursor pikek Line E and Line B (make sure you plck tham on that
part cf the iina you want to keep. I the result iz wrong because you picked
the wrong part, then hit the Backapace kay to get the priginal lngs back
mgain or use the trim function ta trim them Hack).

Mext hit the Eac key or the right buttan on the mouse to return to the TRIM
MENU {Tha right button works tha same as the Ese key}.

Trim lines E and D a8 follows:

Select Functicn 2. ONE ENTITY from the TRIM MENU.
¥With the cursor pick Ling E balow Arg F.

Mext pick Arc F aa the border 1o trim 1o,

Aesit: Lime E = rimmed (o Arc F.



CAM EXERCISE #2

With tha cursar pick Line D.
MNext pick Arc F as the border.

Rasuft: Line D Iz trimarmad 1o Arc F.

Hit the right butten on the mousa 1o return 10 the TRIM MEML).

Hit the Quick Key E to go 10 the EDAT MENLU,

Select function 1, DELETE from the EDNT MENLD.

Select function 1, SINGQLE from the DELETE MENL.

With the cursor deleta Lina F a5 follows: Bring the cursor closa to Line F
and hit the L key on the kayboard. {By hitting the L key you make surg you
picked tha line and not the arc. Howawar, If you arg ure the cursoy is
closer to the Lina than tha Arc you can use the laft button on the mousal.
MNext hit the button on the mouse to ratum to the menda.

Raxult- The part Ix complate.

Hit tha R kay to Aapaint the pictura. This I3 not really necessary but it
makea tha picture look glaan.



CAM EXERTISE #2

MACHINING THIS FART USING THE CAM
PORTION OF BOBCAD

Hit the N key to go to tha CAM: NC MENUS,

Select function 1. NEW FILE,

Type in any name 1or the NC output file (for exarmnple: TESTI.

Result: The MILLING MAIN MENU & now o the screen.

With the mouse move the hi-light to function "POQINT MOVE' in tha manu
ard click the left button on the mouse.

wWith the mouse mowve the cursor to the lower left corner of tha part and
ciick the left bhution.

Resudt: A rapid move Is drawn and the code Iz shown on the bottom of
Vour screan as GOOX1.0000 V1.0000.

MNaxt move tha hi-llght to functlon TOOL UP/DN and click it. You are now In
the TOOL UP/DOWN menu. Now move the hi-light to function TOCGL DOWN
and ¢lick it. (Select FEED MODE).

Resuft: Tha togl plunges down and the code Iz shown =t the bottom of your
screon a8 GOI1Z-7.2500,

MNext mova tha hi-light 1o function "SINGLE' {and click it}.

With the curser pick Lina A It turns red.

Maxt move the mouse to the right 0 the arrow points to tha right and then
ciick the lsft button.

Result: The line gets cut and the coda Is added to the bottom of the screen
&g (GO 1)X5.Q000.



CAM EXERCISE #2
MNext ¢lick function "SINGLE' in the MENU again.

Resyft: BOBCAD mrtvmatically fnds the next move. Line D gets cut amd
the cods iz added &t the bottovn of the acraen.

You can use 'BINGLE' xtep or you ¢an uge "AUTO" to cut the rest of the
part. bat's usa "AUTO to cut all the way argund the parts as foilows:

With the hi-light go to function "AUTO" ard click it.
Mow pick Lina C a% tha gt lina,

Rasullt: The part I cut,

EDITING THE NC PROGRAM

Uniike othar CAD-CAM aoftwars, with BUBCAD you can adit the NC
program whils you craate it. Do this as follows:

Hit the 'F2* kay on your kayhoard while you are in tha MILLING MAIN
MENL). Next salact function EDIT BLOK.

A text cursor sppears on the battom line of code and an amow points to the
Ling or Arc that this code belongs to.

Move the text cursor up with the mousa. The rad amow will move 1o ahow
you whars you ara on the part.

For gxampleg: mova tha text curgor 10 the end of block G01X5, 0000 (the
tlock that is below the 2-1.2500 move). Next click the laft button on the
mouse 50 the bright text cursor is thera. Next type In a feed rate for
axample: F20.0.

Hit the Esc key or the right button on your mouga ta axit the Editor.

Now try aut the othar functions in the EDITOR MENL:, Tha TOOL CHANGE,
CUSTOM, ADD 7O BLCCK menus ard the MACROS can be aasily
customizad 3 your magching with program MILLCFS which you can run
whan you axit BORCAD.



CAM EXERCISE #2

Hit the Q key tc Quit BOBCAD. Whan yvou quit BOBCAD your NC program
will alwsys be saved automatically even If you don't save tha drewingl

¥You ¢an run tha program MILLCFG (just type MILLCFG in directory
EQBCAD| to set BOBCAD to almast any CNC machine. For axample
BORCAD supports leading zeras, from 2 10 & diglt accuracy behind the
pariod, quadrant circla programming, any tod ¢odes, absolute or
incremental programming, Macros, feed rates, blkock numbering, etc. (ses
gaction N.C. CONFIGURATION In this rmanual).



ROUGHING A PART

Draw this part using the RECTANGLE funetlan in the OTHER CURVES
MENU.

o)
B

To draw the center pasition | first drew B box et ) degrees and then rotated

it 45 degrees eroundd the center point using the ROTATE function In tha
COPY/MOVE MENL.

2.0

To craats ths roughing path as shown on the naxt page uee functdon
POGKET in tha OTHER CURVES MENU. Sslect function AUTD and pick the
outside shapg. Answer YES.

Enter TOOL DIAM = 0.25
Enter STEP = 0,125
Enter STOCK = Q.05

INote: The stock is tha amecunt of material l=ft on tha edges
which you want 1o remnove In a final pags).

Pick tha center shape ag the ISLAND. Anzwer YES.
Maxt hit tha right button on your mauyse for no morg lalangds.



ROUGHING A PART
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In the MILLING MENU you can now machine the roughing path.
First usa function POINT MOVE to rapid to location A.

Mext go into the TGOL UP/DOMN MENU and plunge down.

MNext usa furction AUTO and pick Line B and dirsction as shown.

MNext hit the ] key on your keyboard to machine 1o the gnd.



ROUGHING A PART
This completes this axercisa,

If your N.C. maching has ng cuttar compeneation use tha OFFSET function

in tha OTHER CURVES MENU to creata the tool cettar path as shown
balow.

In tha OFFSET MENL use function CHAIN. Set the offset distence aqual to
tha radius of the tool.

7
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BULED SURFACE
AUTQ RULED

This exercise goes through making = ruled swrfacs using the function AUTOD
RULED in the SURFACE MENLL.

START:
Usa functlon ARC: COORDINATE CENTER 10 draw an Avc At
XC =0

¥YC =0
Radiug = 2
Btart angle = O
End anghg = 13%

Dravw & second Arc at :
XC =%
YC = O &
Raclus = 2
Stary angls = 435
End angle = 180

Draw a Fillet batwesn the first Arc ard the sscond Arc. Use s radius of 2.0

in geder to compansate in Z for a baland tool we heve 10 offsst this corve as
Selact function OFFSET in the OTHER CURVES MENL.

Select CHAIN and armter 0,125 distenca for using a 0.25" taol,

Pick the first Arc and indicate dirgction to the rght and tha tool sbowve the
curva, Naxt hit the ] key 1o salect the whole curve,



RULED SURFACE

Nesuit: an ofiset curve Is drawn wivch wa will use 10 generate the suriace and
raprazent the tocl canter path. folfsiting i sot necussary i your NG machine
¢ compenyate in X Y Z)

Selact function THREE-D In the UTHLITIES MENLL. Next TURN 3-D ON.
Draw a Palnt at:
X =0
YwD
L= 0
Salsct function 7.ROTATE In the COPY/MOVE MENU.
Selsct option POINT to rotats around.
Salaet function SINGLE and pick mil Arcs,

When all the Arces are red hit the iighthumnmmuuuu.mmrﬂnm
the queation *DO YOU WANT TO MCK MORE ENTITIES ™

Pick the arigin Point as the Point to rotate sreund.
Enmter rotation around tha AXIS as follows:
X-ANGLE = S0
Y-ANGLE = O
Z-ANGLE = O
Remrt: the cirves sre rotated from the X-Y piane to the X-Z plane.
Halect functlon 1. TRANSLATE from the COPY/MOVE MENL.
Salact function 4.INC X-¥-Z.
Uszs function SINGLE to plek the At in the top curve.
Enter: DELTA X = 0O
DELTAY = &
DELTAZ = 0
# COPIES = 1

Rasuit: # second curve ix drewn a5 shown on the pext page.



AULED SURFACE

Next: create the surface as follovws:
Satact function SUARFACE in the 3-D MAIN MENL].

Selact function AUTO RULED.

Entar number of DIVISIONS = 20.

Plck Arc 'A" as tha start of the chain.

Indicata dirgctlon 1o the right and elicik the laft button on the Mouss.

Naxt hit the 1 kay 1o pick the antire curve.

Pick Arc 'B* a8 the start of tha other chein.

Indicwte dirsction to the right and again pick the antitra curve.

Raxolt: the surface B generated ax shown in the baginning of the sxerciae.
Notes:

The surface Is bullt up of many Lines as i you had dravwn tham with the LINE
MENLU finctions.

The AUTO RULED function automatically bresks {Interpolatas] ssch Arc of sach
curve Into 20 Linas. Thiz s passibla bachuse thhe two curves are idantical. In
caze the Two curves Bry not demtical you may not ba able to use the AUTO
RULED function, The naxt exerclae shows yau an sxampie whet 1o do In such 2

ca3e.

By the way whgn the Arcs warg Intsrpolated to Lines the original Arcs ware
seved ors layer 100 mnd blanked in case you nsed tham beck.



RLILED SURFACE
MACHINMG THE CARPET
Select function NC.......CAM In the MAIN MENU.
Salect function 1,NEW FILE 10 start » new NC program and enter a file name.

As you can ase the tool i up In clearance and function B I £at to RAPID
MODE.

Naxt salsct function 3. POINT MOVE and with the cursor plek the stert of
the carpat in the Jowser ieft comer.

Rasvit: A rapld mova iz gansextsd with the tool xth in clasrance.
Next salact function 7. TOOL UF/DN

Salect function Z = FIXED zo it changes to 2 FROM CURVE.

Salect function 4.AAMF snd pick the same 1l'I:arI: point on the carpet.
W FEED RATE is atlll on RAPID MODE th-ﬁ salset FEED MODE now.
Rusuit- the toof moves dows. The part Is actusly In Z poxithwe)
Naxt: Salect function B.AUTCO and pick the left Lime of the carpet.

Indicate direction sway from whare the tool plunged down and then click
the laft button on your mouse to indicate thet dimction.

Naxt hit the 1 key on your keybhoard (Naxt to the Enter kay)

Razoit: the tool path /s genersied.

When you Ouit BOBCAD the NC program will b seved on your hard disk
urder the name that you entergd whan you went into the NC...CAM manu
with the extenglon .TAP

Save thin drawing for the next exarcise.



RULED SURFACE
RULED

To start off maks sure you have the campat deawing from the previcus
sxerciss stll on the screen. If not then drew it again using the previous
sxarcing.

Naxt: go o the EDIT MENU and select function DELETE.
Salact ALL to delete all.

Next talact fumetion LINBLANK from the EDIT MENU.

Sedect ALL to unblenk all.

Masult: the two wavy curves srg hack on the screan.

hext dalate the sscond curve 3o that only the first offset curve remains.

Uge Tunction LINE:
COORDINATE to draw
& Linm at:

X8 =

YEwh

IS = 1.25

XEm B

YEw= B

ZE = 1,25

Wa will now uge the function SURFACE:RULED to draw the rulsd surfaca.
For this functlon the curves hsve to ba interpolatsd first. Interpolation
branks aach Entity into amall Entities (smaf Linast. Do this as follows;

Select function INTERPOQLATE from tha 3-D MAIN MENU and sat number of
divigions o BD.

Salect SINGLE and pick only tha L as follows:
Pick the Lirne till It |3 rad.
Next click the right buiton on your mouss end srawer SELECTION
OK? YES.

Remudts the Line & broken into 50 ymaX Lines. (You can chack this aut with
the VERIFY DATA functions). The original Line & put on lsyer 100 and
Diarkod.



AULED SURFACE

Nt salect function INTERPOLATE from the 3-D MAIN MENU snd sat
numbar of divislons 1o 20.

Select SINGLE and pick al the Arca in the firet curve untili they are all red.
Next cliok tha right button on youwr mouse snd answer SELECTION OK ?
YES.

Rusvie: Each Arc &x broken irte 2} ympl Linny. (Yoo can again cheok this
out with the VERIFY DATA Lmction), The A sw pat on Jyar 700 and
Daniad for yoir convenisnce ingtesd of delwted. This ks xo thet ¥ yau mads
& mistake bivrpolisting or ¥ your mesd ey eter you cen calf them beck,

Naxt: salect function SURFACE from the 3-D MAIN MENU and sslect
function RULED.

Pick the very first Entity on the left snd of the warvy curve ax tha start of
the chain (you will see the wmall Enthy tem md). Indicate directlon 1o the
right snd click ths mousa. Naxt hit the ] key on your keyboard to pick the
antire curve and answar SELECTION QK ¥ YES. -

Next pick the very first Enmity on the Jeft and of the Line so it turna red.
Indicate tha diraction arrows 1o the right and click tha mouss. Maxt hit tha ]
kay on your ksayborrd to aalect the ertire curve and snswer SELECTION QK
T YES. Raswit: & rufed surface is genersted as shows belfow.

EMND OF EXERCISE




Paoa P-TRAP -1
P-TRAP

This is a 3-dimenslonal axercise which uses the FOLLOW CURVE
function in the SURFACE MEMU to generates a surface.

Tha drawing for the P-trap was submitted to us as shown balow,
To machine the part you only need 1o draw the inside curve "A' in
tha top-view {sae picture below and on naxt pagel.

Stay in 2-D mode and only draw outline 'A’ in ths top-view using
your gkills from the serlier exercises.

-~ .
f "u
1 L

TOP-ViEW r

2.000
!/' N
1500 ] 2000 | 20w | 2p00 |

g.200




Pagm P-TRAP -2
verenssseeaes P-TRAP CONTINUED

Qnce you have drawn curve 'A' now use the OQFFSET function in
the OTHER CURVES MENU to draw curve 'B' using a 1/4"
offget . Note that tha offast is only along one side of the curve
[ (We are using a 1/2" ball-end cutting tool, thersfor we have
to craate a 1/4" offsat to compansate for the tool radiua).

Mexct: tum 3-D mode on.

Naxt: Go to the ZOOM MENLU and select function SIDE VIEW in
the 3-D views manu,

Neaxt: Draw Arc 'C' with coordinates XC = O, ¥C = 1, Z2C = (,
RADIUS = 0.75, START ANGLE = 180, END ANGLE = 360,
(The P-TRAP radius is 1*. Bacause we ars using a 1/2" tool
tha Arc is drawn with a radius of 3/4" 10 compengate for the
toal radius in Z}

Naxt: Usse the INTERPOLATE function in the 3-D MENL and pick
Arc 'C’. Set divisions to 30. {This divides Arc 'C" into 30 Line
seQMments)



Pagw P-THAP -3
TIITLLLL -F“THAF mHTIHlED

Lge tha ZOOM MENLU to retum to the DEFAULT 3-D view,

Naxt: Usa the LAYER functions to set NEW LAYER to 10.

Naxt: Go to the SURFACE MENU.

MNext: Select function FOLLOW CURVE.

Naxt: Pick curva "B’ as the curve.

Next: Pick Arc 'C' , {which & now actually 30 Line segments],
starting at point 'E’ as the path to be followed.

Resuit: The surface is genarated as shown below.




Pagw P-TRAP 4
srensrasense-P-TRAP CONINUED

Fo machine thia shzpa blank layer O first.

Naxt: Select function NC..,..CAM In tha MAIN MENU.

Next: Selact function 1.NEW FILE to start 8 new NC program and
snter any nems (for saxample TEST) {tha name c¢an not have
move than 8 characters and no spacas)

As you can sae the tool Is up in clearance and function 8 is set to
RAPID MODE.

Next: Select function 3.POINT MOVE and with the cursor pick the
start of the P-TRAP at point "E" in the lower left corner.

Result: A rapid move is generated with the tool still in clsarance.

Neoct: Select function 7. TOOL UP/DN.

Naxt: Salect function Z=FIXED go It changes to Z FROM CURVE.

Next: Select function 4.RAMP and pick the same start point 'E'.

Note: if FEED RATE wes still at RAPID MODE then you will new
gst 8 warning. Select FEED MODE.

Resuit: the 1oof movas down.

MNeaxt: satsct function 5.AUTO and pick line 'B' of tha P-TRAP.
Indicate dirsction to the right by moving the amow away from
point 'E’ untlll the arrow points to the right.

Next hit tha ] key {square brackst) an your keyboard (Next to the
Enter key).

Resuit: the tool path /s generated. When you QUIT BOBCAD e
TEST Is savad automatically on your hard disk under the name
TEST.TAF, You can now gend It to vour machine using
GEOTALK or any other communications packagse. This is
describad in the manual under the section RS-232
COMMUNICATION.



Fege CROSS5-SECTION -1

- 3-D EXERCISE
USING FUNCTION: CROSS-SECTION

3-D surfacas can be genaratsd in 3 ways in BOECAD:
1. Ruled surface bstwesen 3-D curves.
2. A curve that follows another curve.
3. Combine a top-view with a croas-sactional vew {front

view or side view}

This exercise uass the third aption.
First wa draw the top-viaw of the part, next wa draw the fmnt
view {[cross-sectional view). Then we craate the 3-D surface

by adding the two views together.
Start: With the skills you Iuarnuﬂ in aarliar axercisas draw the
top-view of the part as shown below with the lower laft corner

of thaghape at X = Q, ¥ = 0 {Do not yet switch to 3-D made
untill later}. It is not nacesaary to draw the dimeansions.

i

1

| 100 ] 100 | 100 |




Fage CROSG-SECTION -2
eensen s OMOSE-S0ctHon continued.

MNow draw the roughing path as follows:

Sedact function POCKET in the QTHER CURVE MENL.

Selact function AUTO.

Pick the shapa which will turn complately rad.

Answar gelaction O.K.;: YES (if the whole shapa is red).

Mext snter TOOL DIA = .25 STEPPING DIST. = 0.12,
STOCK DIST. = 0.03 ithis will lsave 0.03" of stack on
the walls and the tool will make passas that cut 0.12" of
materigl at a time)

Rasult: an offset path Is drawn on the Inskie of the shaps.

Naxt: ths prompt on tha screen aaks for the islands. This
shape has no Islands so Just hit the rght button on the
Mouse.

Resuit: A roughing shape s drawn as shown bejow. If this had
had & fixed depth you could now machine it using the
NC.....CAM functions without geing mta 3-D.




Pags CROSS-SECTION -3
IIIIIIIIII‘EM‘.’I‘..mn mu‘mf

The next stap is to draw the cross-sectional view,

Draw 3 Points below the X-Axis as follows:
Draw a Polnt with coordinates X = 0, ¥ = 0.5
DrawaPFointat X = 1.5, ¥ = 1.0
DrawaPointat X = 3, Y = 0.6

Select function 3-ENTHIES in the ARC MENU and pick ths
firgt Point, then the sacond Point and then the third Point.
Razuft: an Arc Is drawn.

We want the bottam of the pockst ta have this curve: 172"
deap at the edgesa and 17 deep along ks genter-lins,

Neoxt: bacavse we ara using a 1/4* ball-end toal and most CNC
machinaes cannot offset in Z, we will now draw a 1/8"
iradius of the tool} offset of the Are as follows:

Salsct function OFFSET In the OQTHER CURVES MENLU,

Salact function SINGLE.

Entar digtanca 0,125

Fick tha Arc and next indicate ths ingide.

Aeasult: An offset Arc 5 drawn which represents the too!
coter as seen in ths front-viaw.




Pags CAOSS-SECTION -4
rraa - CIOSE-S8CHON continued

Change the new layer to 10 {In the layer menu) so that the 3-
D surface will be drawn on layer 10 which makes it easier
latar on 1o separate the parts out.

Selact function THREE-D in the UTILITIES MENLU.

MNaxt: sslect function TURN 3-D ON.

Next: Enlarge the view uging functions ZOOM: VIEW ALL

MNext: selact function CROSS-SECTION in tha THREE-D MENU,

MNext: salact function FRONT VIEW.,

Next: sedact function 2.CHAIN.

Pick Line A ag tha start of the Chain.

Indicats direction to the right.

Mext hit the ] key {Naxt to the Enter kay} so the roughing path
turns rad: and answaer YES to the guestion SELECTION
QK7

Next: pick Arc "B’ in the front-~view and Indicate direction to
the right {deesn't mattar in this case as there is only 1
entity In the cross-sectional view,

MNaxt hit the ] key and angwar YES to SELECTION O.K.?

Resuft: & 3-D shape is drawn combining the top and fromt
views,

Now blank leyar O and layar 1000 to laysr 1002.
Next hit tha R key to Repaint the screen.
The rgsult is shown on tha naxt pags.

(Additionally a side view could be added but then maodal
ABSOLUTE in the 3D menu neesds to be sat
INCREMENTAL.)



Pege CROSS-SECTION -5




The part |s shown below and is & 6" x 4° YVACUUM BOX, with vant
holes and a recess for a 116" cover. :

THE NC PROGRAM (S SHOWN AFTER THE EXERCISE.

Gary programmad this part for & COMPUMACHINE SERIES 2 CNC
MALLING MACHINE uaing a DYNAPATH DELTA 10 CONTROL. The
DYNAPATH has iis own cannad cycies but for this exerciss he used
the pocketing features of BOBCAD, Foliowing thiy sxemdze [z anather
exerciss alsc written by Gary that uess the canned cycles of tha
DYNAFATH. He has included a copy of the seitings he needs for his
DYMAFPATH such as the Tool codes, Feed raims siz. Thase zettings
arg in file MILL2S.CFG To set MILLZS5.CFG to your controfler you
must run program MILLCFG when you Inatall BOBCAD. This is
sxplained in the manual (see indwex).

IRAWNG PRINTED N A STANDARD FRINTER




START OF EXERCISE BY QARY SYENSOM
DRAWING THE PART --

Prass Z kay for ZOOM
Function YIEW ALL
The rectangle s now snlarged for sase of drawing.

T1. Press the O key for OTHER CURYES

1.'_5: Fallow lnrnn instructions for offsetiing chaln (kesp
avaw on the insikde of chain) and choose YES for selection OK.
16. Select answer NO for continue offset

17. Prass the A key for ARC MENU
18. Function FILLET
19. Put a 052 Radius in each comar of the inner rectangle.

20. Press the O key for OTHER CURVES

21. Function RECTANGLE

£2. Function COORD.

Z3. Enter X w 075 ¥ = .075

24. Function ABSOLUTE X.Y

25, Entar X = 58925 Y = 3,025

25. Radlus = .5
The shaps on your serean should now ok itke the part on the
previous page.

27. Sedact lunction FOINT from MAIN MENU
Function COORD.

Enter X =150 Y =160

Prazs thw C key to turn the cakculator on,
. Eﬂt.r B-.15m

SNy



32. Praxy Enter again to sccept the value { X = 5.85 )
33. Preas Enier to accept default Y = .15

34. Prass tha M o meium to the MAIN MENU
35. Eslact funciion COPY/MOVE

48. Function #1 TRANSLATE

37. Function INC X ¥

35. Salact BINGLE

36. Pick the two Poiniz ai the bottom two comers
40. Praza tor twice.

d1. Dolla X =0 Deita ¥ = 3.7 Coples = 1

44. Functlon #1 NEW |
45, Enter 1 &8 new layer number,

- DRAWING THE VENT HOLES

45. Press the P key t0 go o the POINT MENLU.
47. Salect COORD.

49. Prass the M key 10 retum 1o the MAIN MENU

51. Function #1 TRAANSLATE

52. Function BB INC. X Y

53. Select BINGLE

54, Pick the Point at the center of the pocket.
55. Frass Enter twice.

., EnerCeta X =0 Dalta ¥ = 38 m—ﬁ

. Functlon #2 ROTATE

Functlon BY POINTS

Seloct SINQLE

Pick the 5 new Points { not the Point at the Pocket centwr)
Press enter twice.

Pick the Paint at the center of the Pocket az the “FROM™ Point,
Pick the same Point agaln aa the "TO® Point.

Angle =30 Coples = 11

Presc tha P key for POINT MENU.
Select COORD.
Emtar X = 025 Y = 025

IS8 raR2EIEN 8



g

73,
4.

me@sdda

Press the E key for the EDIT MENU
Function BLANK
Select LAYER

Enier Layer 1 to Layer 1

Pmlm-ﬂhayugnhhlm CURYES MENU
Function POCKET

Function AUTOD

Fick tha Inner Pockst as the Outer Shape.

Answer YES

Tool Dim. = ,750 Step = 700 Stook dist. = 05
Prass enter once (for no islands)




B2.
83

B4.
86.
8B.
7.
ga.
as.
90.

Press tha P kay for POINT MENU

. Select END

Pick tha bottem left of the roughing ool path.

Press Enmwr

Funciion PEAPENDICULAR

Pick the new Point

Pick the Line immediately below the Polnt

Now with the same funclion plck the Point at coord X 15 Y .15
Pick the Line directly below the Point.

MACHINING THE PART

1.
92.
§3.
4.

Go to tha MAIN MENU

Function N'C CAM

Function MILL 2.5

Entar a B¢ nama { BOBCAD will add .TAP avtornaticalty
o the end of the file name)

95.
B7.

1040.
101,
102,
103,

104.

108.
108.
107.
108.
104.

114.
111,
112,
113.
114,

—aBUTTING THE POCKET----- -
Moew we will firat mill out the main Pocket.

. Set Z cutling depth to 2 = 378

Function point x

. Rapid to start of packet roughing path

Use the EDIT BLOCK function to read Z0.5 at the snd of the
line

Set RAPICYFEED to FEED

Bring tool daown

Function ADD TO BLOCK and salect your feadrate.

Fungtion MAIN MENU and then function auto, and pick the
first line of the roughing path and direction to the right.
mmmmmhmmmnuﬁmmﬂpm}
Sat RAPIOYFEED o R

B-ltclurln o= ﬂ.ﬂ

Bring Z axis back up to olsarance
mtinn'pulntrtumpldhlﬂ:tnhwnrhﬂﬂpunkitpnth
Sat 1o FEED and bring cutter down.

"I'I

Pick G41 to turn cutter comp. to the left of the path
Select function ‘peoint x'

Move 1 the Point directly below whers you are now
Function “auto' '

Indicate the bottam of the pockat for a clean up cut



11%. Direction should be to the right

118. Last Entity on the left of the start point
117. Feed cutiar back up

118. Funotion G40 to fum cuthwr comp. off

CUTTING THE RECESS ~veunn

119. Funcion MAIN MENU

120. Funciion TOCL CHANGE

121. Select T2 (318" End MIN

122, Saisct M3 for spindis on

123. S«t x RAPID

124. Setf depth 0 Z = -062

125. Function ‘peint x'

128. Pick the Point at coord. X .15 Y .15

127. Edit in at the snd of the block Z.06

128. Set to FEED

129. Bring tool down

130. St Q31

131. Functon point x

132. Pilck the Point directly below your present position (Press
the P key (o meke sure you sslect the Point)

132. Function AUTO

134. Pilck the Line that you are on.

13%. Directlon ta the right

138. Last Entity is the Fillel next to the siart Point
137. Feed ool up

138, Set to RAPID
138. Select G40 to tum culter comp. off

~——TOOL CHANGE FOR DRILLING THE HOLES
140. Funcion MAIN MENU

141. Funotion TOOL CHANGE

142, BSelect T3 (1/8" Drid)

143. Select M3 to turn spindle on

——=-HETURN TO CAD TO UNBLANK THE VENT HOLES--eoi——
144. Press the O key o return to CAD

145. Prass the E key kor EDIT MENU

146, Function UNBLANK

147, Functioh ALL {Hola pattem should reappear



- DRILLING THE HOLES--=-==rrrresccsccaccrrvens
148. Proegs The N key o raturn o NC...CAM and resume with
_ LAST FILE
148. Set cutting depth t0 Z = -4
150. Function DRILL i
151. Fungtion G891 S
152 Plgk Ihl 4 cormar holea
153. Praas Enfer
154. 8¢t wﬂhg -plh o=
158. Function G

188. Pick any huh in vant hole pattem

167. Fress Enter, then EDIT your Z rel, o -.325
158. Fumection DRILL

158. Function 331

180. Continue drilling the rest of the vent holes
181. FPress Enter

182. Prass the Q key to end and gave the NG program

183. The NC program is now savad on your disk. The name of the
fils is the name you entered at the beginning. BOCBCAD
automnatically adds .TAP to the and of the namme.

164. Now aexit BOBCAD and send it 0 your N.C. machine,
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Dear Bob,

This i8 an execcise for BOBCAD using codes fior the Dynapath Delta 10 coatrol, as
you requesied.

Ths part 1= 3 mounting block for transistom. - Some of the actual holes in the origioal
Bineprint wars omitted becanse 1 fecl that it would be too repetitiona

1 tried to inchade ag many canned cycle codes a8 possible such ax

Event type (3} i a fiome mill where you can mill an inside contonr or an outside con-
tour or & packet,

X = pocket width Y = pockst height Z = Z depth
W = reference dmtance above part. R = corper radins

D = direction ef cut 1 = rough counter chckwise and finigh countar clockwise,
Cl, is the same ax Gdl

(7 13 the code for pocket mill, G0 would be a frame cycle

K = incremental peck distance

P = plumpe feedrate F = feedrate L/ = increanents] fmish pass

V = fininh feadrate and § = conversatioal event

Event type (4) is & Circle pocket or frame

Event type (5} is a Bolt circle

Ewmmnt type (6) 18 a Repeatl cycle

For the Repaxt Event X/ = incrementat X move

Y/ = incrementai Y move {if no / was programmed it would be an absolute move. F
= first block to be repeated. T = how many timeas to ba repeatad.

Event type {1 FLY is a subroutine call F= {irgi L = las1



Bab I realize thic is & basic program but it should gt the kes-arross on bow the
ROBCAD and Drynapach can work together with their own Custom codes.

Shaceredy
Gary Svenson
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1. Fick OTEER CURVES by pressing the*0” key
2. Pick RECTANGLE

3. Puck COORD

4, Enter X=0 ¥=0

5 Pick Aba XY

6. Emer X=55 Y=-193

7. Radnm=10

3. Prees the "Z" key for Zoom

9. Pick Window

10. Indicate the bottom & upper right corners
11. Pressthe "O" ey for Other Corves
12 Pick Offeet

13. Pick Chain

14. Enter.175

15, Pick any line

16, Stay onthainside of the chain

17. Direction clockwiss

18, Hit the ] key on your keyboard.

19. Selection iso.k. pick Yes

20. Pick No for Continue Offest

21. Preas the "A" key for ARC MENU.

M

Selact Fillet
Z3. Pick any invide comer



24,
25,

26.
27.

Entet Radims of .38

Repeat procedure for the emaining 3 corners
Return to the Main Menn
Press the "P* k&y for Point

28. Pick Coord

29,
30.

31.

32,
33
34,

35
. §
7.
38

¥.
.

41,
42,
43,
44,

45,

44,

Enter X =100 Y +-.100
Return to the Maim Menu

Pick Copy/Move

Pick #] Translate

Pick INC. XY

Pick Single

Select Pgint at the upper kft comer
Press Enter once and answer NO-.
Delta X= 883 Delta Y=0 # Copits=6
From Copy/Move meou choonss #1 again
Choces #3 INC. XY

Pick # 1 Single

Select top 7 paints

Press Enter once and answer NO.

Entet Dedla X=0 Delta Y=3.750 Copies=1
Press the "0 key

Pick Rectangle

Pick Coord.



47. Enter X= 3% Y=-1975

4. Pk#2Abs XY

49. Enter X=97% Y=-1.775

5. Radna 063

51. Presa the "P* ey

51. Pick Coord.

33. EnkrX = 414 Y =-]1.875

4. Enter X = 88§ Y=-1.57%

35. EnterX 325 Y.1.975

36, Enter X .175 Y -1.375

57. Return to Main Menu

38. Pick Copy/Move

#9. Pick #1 Translate

60. Pick #3 Region

61. Indicate the top & Bottom corners of the latest pocket
62. Prem Enter
63. DeltaX =8 Delta Y =0 #ofcopies=4
o4. Press the "P" k=y

65. Pick Coord

56. Enter X =45 Y =-14

57. Presathe "A” key for Arc



70. Enter Radiug =.125

71. Press Enter by twice to accept  start aoghe. 360 end angle.

7L Press the "N" key

73, Pick #1 Milling

. Select Function POTNT.

7% Chooss the point at the botiom laft corner of the
Iarge pocket

T6. Pick Function CIISTOM

T7. Choose Frame Mill (3)

78. Go to Edit Block from the Main Menu

79, Edit Block as jollows
XEASY L5 3TW . 05R. 2D ICIGTK 3P4F1 0L/ .002V205

B0. Pick Function TOGL CHANGE

81. Pick M6T2

&3, Pick MMJE( from the TOOL CHANGE MENU (=0 ix a fixture
Offset)

§3. From MATN MENTF pick POINT X.

#4. Pick the Poini at the bottom left corper of the somall
pocket

85, Pkk Function CUSTOM

86. Pick (3) frame mill

%7. From the main menn pick Edit block

88. Edit block as follows



X.65Y2Z- 4W-2R.063D1C1GTPSFI0L/. Z25V208
Pick Function CUSTOM,
Pick (6) Repeat Event

9f. Edit to read X §Y/NZ/F12T4$

Pick Poimt

Pick the polnt at the caziter of the 14" circle

Pick Punction CUSTOM.

Pick (4) Circle Misli

Edit to read
XAYNZ-.6TW- 3R 125D 1CIGTK. 12P4FTL/ H01 V108
97. Pick Function TOOL CHANGE,
98. Pick M6T3
99. Pick M3EQ

£ % £ 8 9

100. Z depth should be set to - 250

191. Pick Functicn Podat X

102 Move-to-polnt at the top left corner of the part
103. Pk Drifl

104. Pick GE1

105. Press Enter

106. From Main Meny pick Edit Block

107. Edit to read GEIZ-250R.05F10

108. Pick Custorn

109. Pik (6) F.epeat Event



110. Edit to read X/.883Y/0ZOF19T654$

111. Pick Custom

112. Pick (6) Repest Event

113, Bdit to read X.1Y#3.7SZOF2TIS

114, Pick Drill

155. Pick G0

116. Pick G83, (Z should ba set to -.6)

117. Pick the point in the small pockst

118. Press Enter

119. Pick Add to block

120. Pick K.HQ.005 then pick F10

121. Go 1o Edit Block and add R-.3 to ihe end of the block
122, Pick Drill, G83 then continue drilling the rest of the holes in tha small pockets
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ABED
N3G?0
HAgo0
NAGRH
N7Q00X. 1730Y-3. 7730
:;;;%gﬁ.15?3.552-.ETH.DER.JEDLELG?K.3F4F1ﬂLf.ﬂﬂ2?iﬂl

N10MIEQ
H11900X.33250¥-1. 9750
M12{H X, 60Y. 2=, 4W-. 3. 063D1C1G7PSF1OL/ . HOOAVI0S
M13{S)X/.8Y/0Z/0F12T48
N14G00X4 . 3000Y-1 .4000
N15{4)X/0¥/02=. 67W=,30.125D1C167K . 12P4F7L/ . 001V10
H18MST3
N1'7M3EN
N1BF00X.1000%Y—-. 1000
Ni9GH1Z~,. 2300R . O5F10
N20(&6}3 X/ A83Y/0LZ/0F19TES
HI1(63X.1Y/-3.792,/0F2CT1%
NaZG8AX.4140Y=1.8750Z—-.5000K. 10, 903F1QR=. 3
N23X.0860
N24X1.32140
H25X1.6860
N26X2.0140
Y Xd.4880
A2.8140
ne#X3, 2860
NIOX2. 4140
MAlX4.0850
o



Dyneapairh

CNCCADM : FILE MILL2S.CFG Selse

i gk oW m-r Wirh

ABSOLUTE COORDINATES

PERICD WITH 4 DECIMALS . 12.34367 = 12.3457
HC LEADING D% ; Xi22

NO L®" AT END OF LINE

AUTOMATIC LINE NUMBERS: NLDO

CIRCULAR: X Y I J
(@90 ONLY) CIRCLE: ABE X ¥ , ABR 1 J
(302 - 903) 1 FULL CIRCLE POSSIBLE

NO SFACING 1 FO1X123Y123

OUTPUT CTHANGED OCORDINATE ONLY (INCREMENTAL) Y12.343
4. G CODES: GOr, GO3., G903 (MODAL)

NO SLASH FCR RAPID MOVE

USE ARROW KEYS ! HEXT PAGE = N SAVE = 3§ PULIT = 1
START ALOCK HUMBERING WITH & : 1
INCREMENT BLOCK NUMBERING WITE 1
FEEEE PARAMETERS HAEER
YOU MUST USE A PERIOD (.) IN YOUR VALUE !
DEFAULT CLEARANCE MEIGHT. Z - 03000
DEFRULT CUTTING DEFIM L m 00009
USE ARRCW KEYS ! NEXT FAGE = N BAVE = & QUIT = g

ssss PIRST FEW LINES seas
1. |

3. MIT1

3. MEEQ

4. @G

3. G90

4. GAD

TTIRT LUMMATTS LLINE WNUMBERING AT LINE: 2



[ N3 F ] MHT rﬂ' LIHE L TN E ]
1. XM

Z. E

3.

3.

3.

.

NO AUTOMATIC LINE MUMBERING FROM LINE : 2

USE ARROW KEYS NHEXT PAGE = N EAVE =~ B QUIT = O

wesr ENTER CUSTOM BLOCE e b
1. (J)IYVINROCGKPFLYS

2. {4 XYWRDCGKPTLYS

3. {3 X/0Y/CZARFGWLHY

4. (8)XYIFTS

5. (7)FL%

&. a9

7. 891

:. g CHARACTERS MAXIMUM PER ALOCK
10.M9

awer ENTER TOOL CHANGE CODE *+v=
1. ¢A0
2. MaT2
3. M&T
4. MATA
!i m
‘t mﬁ
7. MATY
. M&TH
9. MATR
10.H3E0

USE ARROW KEYS H = NEXT PAQGE JAVE = g AUIT =

;" rml CODE TO BE ADDED TO END OF BLOCK (for exampis FEED BATES) =+
. 13

T

4. Flo

3. F20

4. F30
7. Floo

» K.090.003
» K.10.008
0.K.30.005

CE MRROW KEYS SAVE ~ 5§ QUIT = g






N.C. CONFIGURATION

Section 4

Configura BOBCAD to your CNC machins



N.C. CONFIGURATION

in tha CAM section of BOBCAD, one of the firat things the user is
promptad for is which conflguration file to use. BOBCAD pravidas up 10
gaight of theze fllas, allbwing tha usar to customiza the program output for
up to alght differant machinea.

For example, a shop may heva ong CNC lathe snd ome milling
machine. ‘Tha lathe has an oldar Yegnac control that does not uge & decimal
point and cannot use an *R* for radius designation. Tha mill, on the other
hand, has @ more moadern cantroler that does use a decimal and aiso can be
programmed with an “R" for GO2 and G(O2 moves.

BOACAD can aasity handla these two machines by having two
differgnt configuretons. The number one fife can be set up for the lathe and
the number twa file can b g8t for the mill.

Go through the following atapi in MILLGFQ to set BOBCAD to your
controller,

BUNNING MILLCFG
Ratum to DOS (Dizk Operating System} and go to tha BOBCAD directary.

Naxt type MILLCFQ to start the conflguration program. Selact an NC
Configuration File such a= CAM-1.CFQ

The following page appears on your acrean:
FILE CAM-1.CFG
L L LR RN ] an‘r "EEEERF

(1} ABSQLUTE COORDINATES

i2} PERIOD WITH 4 DECIMALS : 12.3457
(31 NG LEADING O'S5 : X123

4] NG LINE NUMBERS

15] CIRCULAR: X Y I J
{6) (G90) ONLYI| CIRCLE: ABS X Y.INCI1J
{7 (G02-GOR) : FULL CIRCLE POSSIBLE

{8) LEAVE SPACING 1 GOT X123 Y123

{9) QUTPUT ALL COORDINATES (INCREMENTAL) X0.000 ¥12.345
{10} 1. G CODES: G01, G02, GOZ [SHOW ALL)

{11} NO SLASH FOR RAFID MOQVE



Usa the Up - Dawn Arrow keys on your keyboard to move the Modal that
you want to change.
Use the Laft - Right Arow kays an your keyboard to change that hModal.

Explanation of MODAL OPTIONS

(1} ABSOLUTE COORDINATES
INCREMENTAL COORDINATES

(2} OUTPUT WITH PERIOD, 2 DIGIT ACCURACY {123.12}
QUTPUT WITH PERIOD, 3 DIGIT ACCURACY (123,123}
OUTPUT WITH PERIOD, 4 DIGIT ACCURACY [123.1234]
QUTPUT WITH PERIOD, 5 DIGIT ACCURACY (123.12345)

OUTPUT WITHOUT PERIOD, 2 DIGIT ACCURACY (12312
QUTPUT WITHCQUT PERIOD, 3 DIGIT ACCURACY (123123)
QUTPUT WITHOUT PERIOD, 4 DIGIT ACCURACY (1231234
QUTPUT WITHOUT PERIOD, B DIGIT ACCURACY (12312345)

{3] NO LEADING XERDS :X123
LEADING ZEROS : X +000123

Nata: When you use Leading z@ros do nit set modal (2) to output with
pariod,

(4) NO [|* ATEND iof egch hlock!
1* ATEND (of sach block)

(%) NO LINE NUMBERS {at front of each block)
AUTOMATIC LINE NUMBERS: N10O (at front of each block!

(6} CIRCULAR: X ¥ 1J (Most controllers uge this cption)
CIRCULAR: |JRC

(7] 1G9 ONLY} CIRCLE: ABSOLUTE X ¥, INCREMENTAL ] J
G20 ONLY} CIRCLE: ABSOLUTE XY , ABSOLUTE | .J

Note: This Modal appifes anly when you program in ahsolute coordinates.
{Most controllers use the first optlon)

{8) {GO2 - GO3} : FULL CIACLE POSSIBLE
{G02 - GO3) : MAXIMUM 1/4 CIRCLE



Note: If yvour comtroller doas not pragram mors than a 90 degree Arc just
must sot this modal to MAXIMUM 1/4 CIRCLE

(8 LEAVE SPACING : GO1 X123 Y123
NO SPACING : GD1X123¥123

Note: Set this modal to NO SPACING to remove the blanka If you want a
smallar program.

1T QUTPUT ALL COORDINATES
QUTPUT CHANGED COORDINATES ONLY

important: TAB SEQUENTIAL PROGRAMMERS: Thiz modal must be set to
QUTPUT ALL COORDINATES

Whan you sa&t this modal you output lesg eode. For axample whean you
make & mova in X direction only, no Y coordingte is output,

{11} 1.6 CODES: G0, GO2, G503

-G CODES: MODAL {G codes are autput only when you switech from
one G code 10 another|

" 3.NO G CODES {For axample for BANDIT)

4.TAB SEQUENTIAL

Note; BANDIT users you must also sat madal {72} to RAPID CCDE =
FA0o000ok Y 200000

Mote: TAB SEQUENTIAL users muat also set Rodal |10) to DUTPUT ALL
COORDINATES

{12} NO SLASH FOR RAPID MOVE
RAPID CODE = AO000ois M 0000

Nate: BANDIT users the alash la for your Rapid moves. You must also set
Modali11] to NO G CODES

Prass the N kay to continue to the Neaxt page on your scresn



This page shawa the fallowing:

(Usa the Up + Down Arrow keys on your keyboard to move the Modal that
you want to changa.

Use the Laft - Right Arrow keys on your kayboard to tell the pragram that
vou want to change that Modal. MNext enter the new valus.)

START BLOCK NUMBERING WITH # : &
INCREMENT BLOCK NUMBERING WITH: 5

Note: You only need 10 sat these when you have sat Modal {5) to

AUTOMATIC LINE NUMEERS |sea two pages back). If you do not want to
dizplay Line numbers ignore this.

asss paApAMETERS ™
YOU MUST USE A PERIGDI.) IN YOUR VALLE!

DEFALILT CLEARANCE HEIGHT: Z = ,500G0
DEFAULT CUYTING DEFTH: Z = -1.25000

MNota: Whenever you go inta tha Milling Menu in BOBCAD thesa arg the
values that will show up ¢n the scraen,

MEXT: Prass the N kay 1o continue to the Next page on your scraen



N.C.CONFIGURATION continued

The following page appaars o your scredn:

{Uza the Up - Down Amrow keys on your keyboard 1o move to the Ling thet
you want to change.

Use the Left - Right Arrow kaya on your kayboard ta tell the program that
¥ou want to change that Line. MNext anter tha Code.}

sR%% FRAST FEW LINES khve

®oa©e

“s4» | AST FEW LINES 77**

L b o

P

Wheneves you aré making » new program you probably want each program
to start with the same settings. By satdng the linea here thesse sattings are
sutomatically insarted at the start of each program.  For exampie;

FIRST FEW LINES
1. %
2. G20 X0 Y0

LAST FEW LINES
1. MO2
2. %

Nota: If vou do use sutomatic block numberdng you generally do not want a
higck number in front of 3 % (a8 shown In Ling 1 In the abovae examphal In
that casa start Block nurmibaring at Line 2

NE}i'l:: Prass the N kay to continue to tha Next paga on your scraan,



With BOBCAD you can create your own MILLING menus. The Codes that
vou anter hera will appear In the megnus 83 8 function, When you select
that function the code s Insarted as a block or at the and of a block In the
N.C. program.

Uss the Up - Down Arrow keys on your keyboard to move ta tha Line thet
you want to changs.

Use the Laft - Right Ammow keys on your keybioard to tall the progrem that
you wart 10 changa that Line. Next entar the Cods.

The following page appears on your 3creen;
[ E Z RN § § ENT‘EH EUETIJH ELDEK *TE*REEAES
1.YOUR CODE

2.YOUR CODE

3.YOUR CODE

4.YOUR CODE

5.YOUR CODE

8.YOUR CODE

T.YOUR CODE

8.YOUR CODE

2.¥YOUR CODE

12.YQUR CODE

L R 2 X 2 X} EHTEH TDnL CHAHEE GDDEE & EEEEE
1.¥OUR CODE

2. YOUR CODE

3.¥YOUR CODE

4.YOUR CODE

5.¥YCUR CODE

6. YCUR CODE

7.YOUR CODE

B.YOUR CODE

8.¥YOUR CODE

10.¥0OUR CODE



Nota: To BOBCAD tha CUSTOMER CODES and TOOL CHANGE CODES ara
actually tha sama. You can put CUSTOM CODES In the TOOL CHANGE
CODES K you naad more then 10 codas,

NEXT: Press the M key 10 continue 1o the Next page on your scraen.

Tha following codes ars added to the end of a BLOCK. Otharwisq thay are
skmllar 1o the previous page. You can usa thase for axample ior FEED
RATES. When you have antered a coda hara {for example FBO} these will
appear in tha MILLING MENU in BOBCAD.

"R RAENTER CODE TO BE ADCED TOQ END QF BLOCK * #8823 243
1. F50 {for exampla|

2. F1000 (for sxample)}
3. YDUR CODE

4, YOUR CCDE

5. YOUR CGDE

B. YOUR CODE

7. YOUR CQDE

8. YCUR CODE

8. YOUR CODE

10. YOUR CODE

The following era the names of text files. When vou pick ong of thess
namas frem tha rmany whils working in BOBCAD, the text flla with that
nama will be addgd 0 the N.C, program.

CUSTOM and TOOL CHANGE let you set only 1 Iing at a tima. With
MACRQ you can insert as many lines aa you want,

To maks such a text file you must use & taxt editor.

iii.‘lﬂ**III'I'MAGHDE'III‘III‘Iilliilﬂﬂ*'liﬂl

1. Your Macra File
2. Magro 2

3. Megcro 3
4. Macra 4
5. Macrao b
8. Macro §
7. Macro 7
8. Macro 8
4. Macro 9
10. Macro 10

Mext press the § kay 10 SAVE the new configuration for your controllar.



RS-232 COMMUNICATIONS

Once you have mada the NC program with BOBCAD you now need to send
it to your CNC Machine. There gre 3 ways you can o thiz:

1. Tha wey thls has haen done in the past was through a paper
tape puncher gnd thare sre 3till 4 ot of them around. (Actually
this 1a why BOBCAD'S NC programs end with “.TAP', the
abbrevietion for tape). If you use a paper taps puncher, you
need ports which are slso called AS-232 ports. Look In the
saction balow onn RS-232 ports and communication on how to
do thia.

2. The second way you can get the NC program from your
compyter to your CNC machine Is by putting the NC-program
on & floppy disk and then sticking tha floppy dizk Into the disk
drive of your CNC controllar. This & not very common in tha
USA but if your CNC maching has a disk driva or @ GRECD box
then this coukd be an optlon. GRECO baxes are generally DOS
compatible but ln most casas the disk drivas in CNC contrallers
& not 05 compatiblel This meana thay cannot read e flappy
digk from an IBM compatibie computer. Ask the manufacturer
of your CNC machine If the disk drive in your TNC controller is
OS5 compatibla.

3, The newer way to connact the IBM compatible computer to
CNC machines is through en RS-232 cable. An RS-232 cable
gcan be bought from your locel CNC specialist or wa can get
ona for you. It does require that your CNC controllar has an
RS-232 port and board insida.

BS-222 PORTS:

On the back of your IBM compstibia computes you will find ssveral ports.
Generally there are 2 COM ports and 1 printer pert. COM ports 2re mala
and ars 25 or 9 ping. COM ports arg aiso called BS-232 oorts or sarial
ports, thare I8 no diffaranca, The printer port Is 29 pin but 1a famals. The
printer port iz also called the parallel port. It is used for the printer. I you
heva only 1 COM port you wiil need to gat a gwitch hox or install an
additional COM port because you will nesd one for your mouse gnd one for
your R5-232 cahle,

Tha mouse goes on COM port 1, the cable coming from your CNC controller
goes on COM port 2.



BS-232 COMMUNICATIONS

with EQBQAD you received a8 communicetions floppy disk The
communicetiong program is called GEQTALK., If GEQOTALK has not yet hean
kaded just copy the antire floppy disk 10 tha directory in which ygu have
BOBCAD.

Nots: If you alraady uss a communications packags to ssnd NC
programe to your CNC machine It i3 not necossary to usé
GEOTALK. You can usa your communicaticns package just as
weall. BOBCAD NC pragrama are ASCIl fHes that can bs sand
with almost any communicatiocns program (for eaxample
PROCOMM or BEACHCAM].

HOW TO USE GEOTALK

After you have made an NC program you must exit 80BCAD and then type
GEOTALK to start the communicatons software.

Next salect function &. SERD OUT N.C. TAFE FILE.

Mext type in the name of the NC program or hit the space bar on your
keyboerd to s=a a list of tha NC programsa. You cen select en NC program
from thin list.

Next selaci the BALID rate 10 msaich with the BAUD rate of your NG
controllar.

Maxt sa1 your CNC maching ready 10 recaive the NC pragram.

Naxt hit any key on your computer to send tha NC program to your CNC
maching,

Rasult: You will son tha NC program appear on your scraen az it I
baing zent o yvour CNC machine.

To exit GEOTALK move the cursor to functlon 8. EXIT GEQPROMPT
in the MAIN MENL.

Whnn vou sand an NC prngrnm from ‘Ifh‘l l.".l:rmpul:nr to your CNC
meaching the CMC machire must be agt 1o recgive the NG program.
Thig i3 generally ditharent for eech diffgrent CNC maching, Yol must
congult the manusel or the servica dealer for your CNC machine.
GEOTALK communicates as follows:

1 Stop bk
Even parlty
7 Bit word length



MENUS

Section b

This section explains each function in the menus.
They appear in the order as they are shown in the
MAIN MENU.



MAIN MENU {M)]

This is the MAIN MENU from which all functlons can be reached. You can
return to the MAIJN MENU by prassing the Escape key a number of times or
tha rlght button on your mousa. You can also typa tha kay “M™ on your
kayboard or salact tha MAIN MENLU function at the bottemn of aach menL.

QINCK KEYS:

whan vou press that |stter, For sxampla. when you preas the E key [n any
manu you wll go atralght to the ECNT MENL.

Type 'H' for Help. See the "OUICK KEYS' sectlon for othar usaful keys.

FUNCTION

1. EDIT
1) Delate Entities
2) Blank and Unblank {controls the diaplay of Entities)
3} Trim (shorsn or lengthen Lines and Arcs)
d} Break & Line or Arg irto two or mora paris.

2. POINT
Draw a Pgint frea hardd, by coordinates, relative 10 exlisting
Entities, aic,

3. LINE
Draw a Line frea hand, by cosrdinates, relative 1o exigting
Entities, &ic,

4. ARC
Draw an Arc ar Clrcle fréea hand, by coordinates, relativae to other
Entities, atc,

6. OTHER CURVES

Draw Rectangles, Offset Curves. Splines, Hole Patterns, Gears,
Pocket and roughing, Circle clean out, Lathe cyclas, Machins text.

8. COPY/MOVE
Copy, Move, Rotate, Scala, Drag, Mirror.



MAIN MENL
7. Z0OM
Ser viewing erea by Windowing, Scaling, or Shifting. Return to the
previous zoom setting or view all.

8. LAYER
Each Entity upon c¢reation gets the current leyer number which is
siways shown In the lower left corner of the acreen. This is handy
for Blanking and Unblanking Entitias.

3. VERIFY DATA
Shows values of Entities, Distances and angles betwsen Entities,
Area, and Clrcumference.

10. DIMENSIONS & TEXT

11. COLOR/STYLE
Set or change colora of Entities, Screen color, Manu color, Hi-lite
color, Picking color, Ling atyles.

12. UTILITIES
Reneme the drawing, file the drawing., mix In other drawings,
intarface o DXF |AUTOCADY), custom functions such a3 Standard
drawinga, awitch X-Y axis on or off, grid, raad in an NC program and
turn it into & drawing.

13. NC..CAM
Milling Main Manu, Modals Menu, Built-in NC Editor, ToclUp/Taol
Down Menu.

14, SAVE
Do an Instent Save of a drawing {the drawing is saved or your gligk
urder the ¢urrent name of the drewing and the axtenglon .DGN Is
pdded}.

15. QUAIT
Quit and Save, or Quit without Saving.

BRCOMMENDATION:

With many lunctions, such ss picking Entittes or Zooming, the spead with
which BOBCAD can perform a task I3 affected to soma degree by the
number of Entitlas wisible on the acraen. N you find that a function takes s
long tma to pick an Entity on the screen, juat reduce the number of Enthias
vislbla on the scrasn through the libaral use of Layars and Blanking.



1. EDIT MENU

Frass the E key on your keyhoard 1o go olrectly to this manyu from any other
meanu.

1. DELETE
Fick the Entitites that you want to delete. With the back-space key
you an restore an Enthy that waa dalated with function SINGLE
DELETE.

2. DELETE LAST
Dwlate tha last Entlty that vou have drawn.

3. BLANK
Plck the Entides that you want to ba invigibla.

4. UNBLANK
Pick tha Entitias that you want to make visible again.

. TRIM {389 rnext page)

6. BREAK
Eraak a Lina into 2 or more Lines. Break an  Arc into two or more
Ares.
1. SCREEN
With the mousa indicata the place whera you want the Lina or
Arc to e brokan. Ragult: You will have 2 Linas or Arcs.
2. POINT
Break a Ling o Arc near & Point.
3. ANGLE
Break an Are at an anghe.
4. BREAK MANY
Tha Entitles that you plck will be broken at ail the intersactions.
8. DIVIDE }
Braak an Entity inte N numbar of smaller Ertitias.



5. TRIPA MENU continuad from EDIT MENU sactdon.

Prass the T key on you kevhoerd to go directly to this menu frarm any other
menu.

YWhen you trim a Line or Arg t¢ maks it shorter you must pick the part of the
Line or Arc that you weant m keep! ALWAYS PICK THAT PART OF THE
ENTITY THAT YOLU WANT TO KEEM

If you maka a misteke press the back-apace key on your keyboard while you
are still in that function,

1.

BCHREEN
With the cursor mark & position on the screen to which you want to
shorten or langthan an Entity.
SINGLE
Firgt pigk the Entity that you want o lsngthen or shorten. Next pick
the antity you want e trim to. If you make a8 mistake prass the
backapace key immediately.
. DOUBLE
Pick two Entities. They will be trimmed to aach othar . If you make a
mistake press the backapace key Immediately.
. MODAL
Same as function Z.BINGLE. bim first you pick tha trimmer Entity, for
exampla a Une. Next you can kKeap picking the Entities to be trimmed
without heving to pick a new trimmer Entity. If you maka a mistake
prass the BACKSPACE key immadiately.
STRING

Keep picking lLines and Arcs. They will be tdmmed to form a
comtinucus string.

Nore: I the Enthty you want to trim does not actuslly go whough the other
Entity it will still be trimmed to where the lmrersectlon wouid be.



2. POINT MENU

Prass the P key on vour kayhoard to o divactly to this menu from any other
menu.

1.

SKETCH
Move tha cursor 1o a position on the screen whers you would like to
draw a point {alsc called screan or free hand) and ¢lick the Ieft hutton
ON YOUr Mouaa.

COQRDINATES
Draw & point by typing in ita X and Y cocrdinates. Whan in 3-D mode
yird algo type in the £ coordinata.

INCREMENTAL
With the curser pick an existing Point on the screen. Next type in an
X and Y distance. The new Paint is drewn thls distance from the
Point you picked.

Aote: Jf you de not tvpe in & distance but just At the Enter key or tha
feRt bulton on vour mouss, BOBCAD will accept the X pnd ¥
aistancas tymad in greviously.

END
With the c¢ursor pick one of the ends of a Line or Arc on the screen,
A new Point is drawn at the end of tha Lina or Arc.

INTERSECT
Whh tha cursor pick two Entitisgs on the actreen. A new Polnt Is
drawn whera tha two Entitiss intersect.

Noter The two Entitias do not actuslfy have to Intersect. A new
Point will ba drawn where the two Entitfas would intersect had they
bean mada longar.

. ARCCENTER

With the cursor plck an Arc or Circle on the scresn. A new Point is
drawn at the ganter of tha Arc.

PERPENDICLILAR
With the cursor pick & Point on the screen. Mest pick a Line or Arc.
A new Polnt is projected onto the Line or Arec you picked,
perpendiculzr from tha old Point.



POINT MENU
B. ON ENTITY

With tha cursor pick a Line or Arc from the screen. When picking a
Lt you must type in 8 fraction of its length from the and where vou
pickad the Line. A neaw Polnt is drawn on the Line. For sxample, If
want & Pgint in the middle of the Line typa [0 0.5 . Whan you have

pizkad an Azc or Circle type in an angla {counter-clockwisa from tha
M-pxig in degreas).



3. LINE MENU

Praszs the L key on your keyhosrd 1o go directly to this menu from say other
ey,

1. SKETCH
Move the cursor 10 4 position on tha screen whara you want the stan
of the naw Line to be and prass the left button on your mouse. Next
move the cursor to a pesition on the screen wheare you want the and
of the new Line to ba and press the left button on your mouse. Naxt
click the right button cn your mousa and a new Line is drawn.

Note: This function is also calfad frea-frand moda amd is nol accLrale.

OPTIDNAL SNAP: The software detects whethar the Ling you havea
drawn s more horizontal or more vertical, f the Lina 8 morg
horizontal yau can typa in any Y coordinate. The Line will then
becoma perfactly horlzonigl. If tha Lina you have drawn iz mare
vartical you can typa in any X ¢eordinate. The Line will then become
vartical through that X-coordinata. To kaep the Lina at an angle hit
the right button on your mouza or tha Esc kay.

2. COORDINATES
Eraw a Line by typing in the start coardinatas and tha and
ccordinatas of tha Lina. When 3-D mods is turned on you will He
asked for the £ cocrdinars.

3. JOIN
With the cursor pick two Foints or the ends of a Ling or Arc. A naw
Ling s drawn that joins tha two Entities you picked,

4. TANGENT
With the cursor pick two Arcs on the screen orf one Arc and ong
Point. A Line is drawn tangent to tha Arcs on the sldes where you
pickad tham.

Nom: I you want to draw a Ling that iz tangent fo only one Arc 8t 8
gpeciiic angle, you must use the 8, ANGLE/POLAR funcion.



LINE MENL)

5. PARALLEL
With the cursor pick a Line on the scr2en. Mext mowva the cursar to
tha gide where you want tha new Line to ba and pick thet side. Next
typa in & distance and a naw Line is drawn this diatance from the Lina
you pickad.

Note: ¥ you do nat type in a distence but fust hit the anter key or
tha faft button on your mouse, BOBLCAD wilf use the distence that is
shown in the menu. With the QFESET: SINGLE function in the
OTHER CURVES manu you can do the same thing faster and s&fso
rake parajiel Arcs.

6. ANQLE/POLAR
With the cursor plck a Polnt, Line ar Arc on tha screen as the start of
the Line. Mext type In the length and the angle {counter-clockwisa in
degre=s). A new Line |s drewn with this kngth.

Rasult: The angle of the new Ling is messurad from the X-axis. In
additior, the start ¢f the new Lina is from the end closest to where
vou picked the ofd Ling. If you picked an Arc, the new fine /s tangent
1o tha Arc and the angfe of tha rew Line /5 from the X-axis. The Line
is tangant on the sida of the Arc where you picked It.

7. CHAMFER
With the cursor pick two Lines on the screen. Next type In an gngle
and a distance. A new Line is drawn g8 8 chamfar and the two Lines
you plcked are trimmed {just like & Fillat}. The sngle of the new Line
i5 10 the first Line you picksd end the distance is aleng the first Line
yvau plckad.

8. CONTINUOUS [Alga called String)
First you will be askad te create the start of the first Lne. Maxt create
tha angd of the first Line. The end of this new Lina s now the
beginning ¢f the next Line. More lines can be drawn from this point
by gimply creating snd points.



4. ARC MENU

Prazz tha A key on your keyboerd to go direCtly to this menu from arry othar
menu,

NOTE: in the GAD, Arca and \ T-axis (30 dagrass)
Clrelas ame drewn  counter
clockwiss around the cemtar of
the Arc. O dagraas & In the
positve X-axis diraction, 90
degress it in the posithve Y-axis
direction, ate. This nds doss not
attect tha CAM or NG output. The \

CAD doss not maks & Fffarqnca
batwaeen an Arc and & Ccle, In
most cases the Circle starts a1 O =
degrans and than wnds mt JED |
dagress. Tha xtart and snd point
of 2 Clrcle »re the sama.

Figure shows bow Arce snd Circlaa
ara storsd ip BOBCAD.

Y. SKETCH CENTER
Type in the redius, the stant angle, end the end angls. Next move the
Arc or Cirele 10 the positlan an the screen whars you want ths centar
of the new Arc ar Circle 1o be.

2. COORDINATE CENTER
Draw an Arc or Clrcle by typing in the X and Y ooordinates of the
centet, the radius, and tha start ard and angles.

3. POINT CENTER
Type In the radius, the stert sngla, and the end angle of the Arc or
Circie. Next with the cursor pick & Point on the screen whera you
want the canter of the new Arg or Circlg 1o be.

- Start amzle
..-/"

. Z-axis (0 degrees}



ARC MENU

4. FILLET
With tha cursor pick tywo Entities, MNext entar the radius. A new Arc
is dravet tangant to the two Entities {similar to 4 round correr). Tha
Entitias are sutomatcally timmed. Yoo can tum trimming off by
hitting the F1 key before you pick the first entity (see the prompt at
tha bottom of the screen).

Note T: Arcs are drawn counter-clockwisa., The fast Enlfty that vou
pick wil! hecome the start of the new Arc. The sacond Eniitiy that
vour pick will bacorma the end of the new Arc. However. when you
make 8 Fiflet betwean two Lines you can pick tha Lines In ary ordar.

Note 2: ¥ vou do not fype In a radius but Just hit the Enter key or the
laft buttan on your mousa, BOSCAD wiff usa the dafsuwlt radius.

5. 3 ENTITIES
Whh the cursor pick 3 Entltles {Points, Lines or Arcs in any
combination}). An Arc will be drawn tangant to the three Entlties you
plckead.

Note: The frst Entlty you picked wilf be tha start of tha new Arg.
The lest Entity your picked will Ha the end of the new Arg. (Therg Is
afgy Gt axersisa i the CAD section of this manup! called ARG
TOUCHING 3 ENTITIES that shows your Aow this funclion works),

8. CHAIN
With the cursor sglact a shape that conslsts of Lings and Arcs. Naxt
type In a radius far left turns and a radius for right turng.  Fillets will
be drawn in aach sharp corner. This function works only for sharp
comars betwegn Lings end dors not put a Filket between & Line and
an Arg or hatvwasn Arcs.

Note: This funclion s inportamt for ofder types of controffers thar
nead » Fiftet in eech sharp corner.

7. ELLIPSE
Draw an Ellipse. In tha CAD the Ellipsa Is drewn a5 8 number of short
Arcs because most CNC machinas have no Ellipse function.



5. OTHER CURVES

Pragg the Q kay on your keyboard to go directly 1o thie menu from any other
mgnis.

1. RECTANGLE
This function asks you to input the two opposite cornars of the
Rectangla. Naxt enter the corner radius or type in 0.

2. OFFSET (Cutter Compeansgation|
1. SINGLE Entar an offsat distance and with the cursor, plck 2 Line
of an Arg. Than pick the side of tha Line or Arc on which you want
the ¢ffget curve 1O appear.

2. CHAIN I[Machine curvel This functlon s wery ugefull for
pragramming tool center. It craetas an offset curvg that slso puts &
radivs around sharp corners and checks for tool interference. (See
also the advanced drawing exercise: OQFFSET CURVE.) After you
have made an Offset curve you can repeat with Offset curves for
spiral roughing of & pockat. Use the CONNECT functlon shown below
tc connect the Ofiset Curves.,

4. CONNECT., Use this function to connact Offset curves (created
with tha above function} when you want to draw a reughing profila.
(See alsc the advenced drawing exercise QFFSET CURVE CLIMA
POCKET).

3. SPLINE
¥With this function you can draw a smooth curve through a set of
Polnts. The 3pline ia drawn as small Lines which can then be

machinad as &ny Lins.

Note: When you plck the Pointg on the screan yoir must pick tham
from left to right or from Hottom o fop.

4. HOLE PATTERN
Draw bolt holes in a grid pattern or circular pattern.



OTHER CURVES

5. POCKET {Roughing] Sea also the axercise called ACUGHING A POCKET)
This function draws a roughing path Inside any closed shaps. The
shape ¢an include many islands. The roughing path is drawn as Linas
and Arci. You ¢an turn thess Lines into machine code in the CARS
ManAu,

IO OPERATE;

First salect the shape.

MNext: Enter the tool diameter.

Erter the Stepover distanca (about half the tooi diameter|.

Enter the Stock distance (amount of matarial 1o leave on the shape).

Reswulr: An offsar /s drawn.,

Mext: Pick any Islands or hit the right butten on the mousa.

Resuwit: The roughing path is drawn on layers 1000 to 1002

Thers may ba dashed Lines where the t¢ol ¢rosses an igland. When
the CAM pertlon gees a deshad Line the teol sutomatically
picks up ardd repids owvar.

6. CLEAN CIACLE
Pick a Clr¢la end BOBCAD will dravw & spire) rcughing path 1o clean
out the cirgle, The roughing path can then be machined in the
NC..CAM menu.

7. TEXT PATH _

Firgt draw the Text in the DIMENSICN MENU (You can set tha size
and angle with the ATTRIBUTES functlon In the DIMENSIONS MENL)).
Mext select the TEXT-PATH function 1o turmn the characiers into short
Lires. The Lines can then be machingd in the NC...CAM MENLL In the
CAM MENU always start cutting the text at the lower left comer of
the first character. Than use the AUTO function to cut all the way to
tha and. Tha ¢ashad Linas becema Aapid moves In clearance.

3. QEAR :
INVCOLUTE GEAR. {See also the INVOLUTE GEAR sectlon at the end
of this manual). The Inveiute gear is-drawn with small Arc segmants
which czn then e machined in the NC...CAM menus (G022, GO3).



6. COPY/MOVE MENU

COPY, MOVE, ROTATE MIRROR, SCALE, DRAG
(Sam axarcizas for axamplas)

Note: With these functions you cen Copy, Move, Rotete, Mirror, Scafe and
Drag Entlities. in order 1o scele Entities use the TRANSLATE or ROTATE
functions and change the Scale befors selecting the vector mode.

A vecter Is lika an armow on the
screen. The arrow tells whara you
want the Entities to be moved to {for
sxampke from Point A to Point B}. If
you Eelect function SCREEN or
functon PCOINTS from the VECTOR
MODE MENU, BOBCAE msks you for
Poimts A and B. It you sglact function
INCREMENTAL X, Y from the
VECTOR MODE MENU the Entitles
will be moved over distence X,Y.

COPY FUNCTIONS
1. TRANSLATE
2. ROTATE

3. MIRROR

1. TRANSLATE
With this function you c¢an make copies of Points, Lines,
Arcs and Dimensions at new locations. There are 4 ways to
mowve the Entities.

1.SKETCH: First pick the Entities to be copled. Next with
the curser indicate a *from' position on the scresn followed
by the ‘to' pesition.



COPY / MOVE MENU

2. BY POINTS: First pick the Entities 1o be copied. MNext with the
cursoer plek tha “from' Poirt fellowad by the "ta’ Point.

3. DRAG: Firat pick the Entities to be copied. Next mave the mouse
to drag the copy arcund. When the copy is whare you want It click
the left button on your mousa, To get out of this functlon click the
right Button on your mousa.

4. INCREMENTAL X-¥Y: First pick the Entitles. Then type In the
distance to iba movad.

Note: If you want tha copies to be smaller or farger you must sei
function 8.85CALE in the VECTOR MODE MENL.

2. ROTATE
With this function you can make coples of Entitlas and roteta them.
Thera arg tvwi vways to rotate tha Entitles.

1.5CREEN: First pick the Entities to ba rotatad. Next indicate the
locaticn to rotate around.

2. POINT: First pick the Entitias ta ba roteted, Next pick the Point to
roT&te around.

Note: If vou want the copfas to be smaller or farper you must sefect
furction 3. 8CALE hefore selecting functfon | or 2 in the VECTOR
MGDE MENU.

3. MIAROR
Firet pick the Lina in which you want to mirror the Entities. Next pick
the Entlties that you want to mirror.



COPY / MOVYE MENU

MOVE FUNCTIONS
6.TRANSLATE

7. ADTATE
B_MIRROR

6. TRANGLATE
With this function you can mova Points, Lines, Arca and Dimensions
to a nayv Jocation. There are 4 ways to meve tha Entitles.

1.5KETCH: First pick tha Entitias to be movad. Mext with the cursor
indicate & "from’ position on the acreen followed by the 'to’ position.

2. BY POINTS: First pick the Entities to be moved. MNext with the
cursor pick the *frem' Point fellowsed by the 'to’ Point.

3. DRAG: First plck the Entitlea to be moved. Nexi move the miuse
to dreg tha part arourw. Yhen the part is where you want it click the
left button on your mousa. To get out of this function click tha right
button on your mougg.

4, INCREMENTAL X-¥Y: First pick the Entitias. Then type in the
distance to ba moved,

Nate: IF you want fo reduce or anfsrge the part you must set function
5.SCALE In the VECTOR MDDE MENU.

7. ROTATE

With this funcétion you can rotate Entitlez. Thers are two ways to
rotata tha Entitias,

1.8CREEN: First olck the Entities v ba rotated. Next indicate the
lagation to rotate arcund.



COPY / MOVE MENU

2. POINT: First pick the Entities to be rotated, Next pick the Point to
rotate arourdd.

Note: If you want the part to be smaflar or larger you miist sefect
function 3.S5CALE befora selecting functfion ' ar 2 in the VECTOR
MODE AMENU,

First pick the Ling in which you want to mirror the Entitias. Next pigk
the Entitias that you ywant to mirror.



7. Z00OM MENU

Frass the Z key on your keyboard to go directly to this menu from any other
meny. When vou are done you sulomatically return to the functfon you
where In by prassing the ripht bution an your mousas.

Mote 1 : The ZOOM functions do not change the slza of the Entitles and
parts. The Zoom function works Just like the Zoom lens on a camara - if leta
you look at things closs up or far away. H you want to maks g part bigger
{nat just look bégger] you must uge the COPY/MOVE functions.

Note 2 : The ZOOM MENU can also be callad when a cursor ig on the
scraen. After you have zoormad hit the right button on your mouss to retum
10 whera you were.

Note 3: You can aiso redraw the screen by pressing the R kay.

1. WINDOW
Sat viewing area by creating a rectangular region with the cursor.

2. NEW SCALE
Set vlewing area by typing In tha scele. Maxt with the cursor indicate
the location that will become the new center of the screan, or hit the
[' key [s=a top line gn scraan] end typa in the X and Y coordinates of
tha new lower left cornsgr.

3. VIEW ALL
A wviewing area s creatsd with all Entitles displeyed {axcept for
blanked Entlties).

4. SHIFT
Shift the curent view over, Move the cross-hairs of tha mouse to
whare you want tha centar of the view to be.

5. PREVIDLS
Raturns to the last view.

&. REDUCE
Makes the view smaliar by doubling the scale.



ZOOM MENU

7. 3-D VIEWS
1. TOP VIEW : X - Y PLANE

2. FRONT VIEW : X - 2 PLAME
3. SIDE VIEW .Y -2Z PLANE
4. DEFAULT 3-C VIEW

5. ISOMETRIC VIEW

6. ROTATE MOCD. : Rotate the view arpund the axis displayed In the
ypper right hand corner of your acraen

7. ROTATE SCREEN AXIS: Rotate the view ergund the X axis, the Y
axis and the £ axis of the scrgen.

B. ORIENT :
Plck the naw grigin paint.
Next pick gngther poirt. The line from tha origin point to this
paint farms the new X-axig.
Mext pick & third point. This point defines the new X-Y plane.

LA R LR R ERLE R R LI EE S SE R ESEENSE RSN SR EELERNEREL I EN RS ERERDNELERNENR.Y..]

Mowe: Aftar a Zoom, the X-Y coordinates of the lower Isft corner are
displayad in the lowver Isft corner.

LA A AR L R R L L LA RELRE L RIERENIANELERET LSRRl Y;



8. LAYER MENU

When you draw an Entity, it automatically gets the leyer number that ig
shown in the lower left carner of your screan, This is handy for such
functicns as Blanking, Unblanking and Deleting. For example, when you
Biank layer 10 1o 11 all Entitiee that have the layer number 10 or 1 will be
blanked.

Mote: Function DRAW PATH in the UTILITIES MEN puts the shape
avtomatically o layer 38 and 39. Function POCKET in the DTHER CURVES
MENU pirts the roughing path sutormaticalfy on ayers TOO00-1002.

1. NEW
Change the cumment layer number {shown In the lkbwer laft ¢comner of
your screen). Froem this polnt an, all new Entitiss drawn will have the
new layer number. You can uga from layar Q to 999,

2. BHOW ENTITY
Pick an Entity ta g8 which layer it is on.

3. MODIFY ENTITY
Pick Entities and put tham on a different leyar.

4. BLANK

1. Pick an Entity. All Entities an the sama layer as the Entltiy you
pickad wili be blanked.

2. Entgr the layer # to be blanked.

Note: You can also use the ELANK functions In the EDIT MEMNLI.
5. UNBLANK

Unblank a laver.

Mata: You can aiso UNBLANEK in the EDIT MENU,



9. VERIFY DATA

Frass the V key on your keyboard te go directly to this menu from any other
FTMETTLL.

1. SINGLE
Pick an Entity with the cursor to dizplay s values. In addition to the
data base values, additlonel valuas will be displayed such as length
Bnd angle of a Line.

2. 2 ENTITIES
With the cursor pick two Entities. Tha distance or the smallast angle
betwean them wlll be calculatad. When tha valuas are displayed you
can ¢continue o pick two new Entities with the gursar,

3. AREA [ CIRCUMFERENCE
With the cursor plck 2 shape. The arega and the circumference of
the shape will ba calculated.



10. DIMENSIONS AND TEXT MENU

Frezs the D kaey on your kayboard fo get to this menu from any @ther rmamy.

K you prass the '[' key (shown In the prompt line on your screent you can
awitch from ACTUAL 1o ENTERING dimensians.

Tha size of the Dimanalong can be 38t in the ATTRIBUTES function.
Soe additlonal notes et bottom of these pages.

1. HORMZONTAL
Drvaw & horicordal dimenalon betwasn two Entities. Pick the first
Entity. Naxt plck the ascond Entity and with the cursor pick the
position whare you want the valug to be.

4. VEATICAL
Dravr a vartcal Dimansion batween two Entities. Pick the fist Entity
Maxt pick the second Entity and with the cursor pick the pesitdon
whars you want the value to be.

3. OTHER
Depw 8 Dimangion batwasn two Entitles. The di#ecton of tha
Dimension 18 determined by:
1} Thea Line if only ons of the Entities Is a Ling.
2) By the first Line you plckad H bath Entities are Lines.
3} By the diraction of tha shortest distance in all other casas.

4. ANGLE
Draw a Dimension showing the angle betwaen two Lines. Pick the
first Line. Pick the second Line counter-lckwisa from the first Line.
Mext pick tha poshion whera you wam the value to be. If you press
the backspaca key Immediately after the Dimenalon is drewn you can
move the valus to a different keatlon.

Bb. RADIUS
Drews & Dimension showling the redlua of an Arc or Circle, Pick the
Arc. MNext pick the positlan wher you want the Radius to be. If you
prasz the back-spacq key immediately after the Radius is drawn, you
can move the value 1o a differam location.



DIMENSION + TEXT MENU

8. TEXT
Placg text on the scresn. To set the slze and angle of tha text use
function 8. ATTRIBUTES. To turn the text Into Linas so thay cen be
machined uga function TEXT PATH In the OTHER CURVES MENL.

7. ATTRIBUTES:
1. SIZE . Set size of DIMENSION and TEXT (En MIllvaters or Inches)
Datault = 2 Milllmatars f 0.125 Inchas

2. ANGLE. Set the angle of Taxt before i i drewn,

3. DECIMALS. Increasa or decrease the number of digits thet are
digpleyed behind the perlod in & Dimengich. The range is from D to 4
dacimal places.

4, STCALE FACTOR. This function lets the Dimensions coma out to a
differant scale. For example, if you enlarge a psri to twice its real
scale 30 that it comas oyt bipger on & drawing, then when
dimensicning it you cen sat the SCALE FACTOR to 1/2 and vour
Dimansion will coma out COIrect,

8. HATCH
Shapes cen be crogs-hatched. Specify the distance betwesn the
cross-hatgch Lineg and the Angle. The cross-hatch is built up of
Individugt Lings and is put on layer 600,

3. MOVE / ALIGN
1. MGVE A DIMENSION.

2. ALIGN HGR.: PFick s Horlzontal Dimenzion. Mext pick other
Horizontal Dimansions. Thase will nove be leval with the first
Dimenslon that you pickead.

3. ALIGN VERT. : Pick a Vertical Dimanslon. Next pick other Veartical
Dimenslons. Theas will be allgned with the first Dimeangion that you
picked,



11. COLOR MENU

Note: To change tha default colora whan BOECAD starts up usza program
CADCFG from DDS.

1. ACTIVE COLOR
Sets the color with which new Entities will ba drawn.

2 MENU COLOR
Sets the color of the menu, cursor, X-Y axit and other mformation on
your scraan, {Prezs tha A on your keyboard io do a Repaint and you
will 2on the X-Y axks updats it= color. '

3, HHLITE
Sat the color of the Hi-lited bar In tha manu.

4, SCREEN COLOR
8t the color of the acrean.

B. PICKING COLOR
Bet the color shown whan picking an Entity,

8. MODIFY COLOR
Change tha eolor of existing Entitles._

7. DRAW STYLE
Choose between Solld and Dashed Line-3tyles for drawing Entitlas.

Note: When tha CAM portion of B0BCAD goes over 8 daghed Ling it
wil artornatically produce a rapid move. Knowing this fegtive can ba
very usefull

B. MODIFY BTYLE
Change the Line-style of axisting Entitias (Solid or Dashad!

Note: When the CAM portion of BOBCAD goez over a dashed Line it
will sutomatically produce a8 rapid move. Knewing this fagfure can ba
very usefulf



12. UTILITIES MENU

Prass the U key on yau keyboard 1o po directly to this menu form any other

ITHI1E,

1. CUSTOM

1. X-Y AXIS display. Salect thla function and the X-Y Axls will be
disptayed or twrned off.

2. STANDARD DRAWING When you maks a drawing that you want
10 uss ovar end over, you should save it with ona of tha names STD1
to 5TDA. Next time you want to use ar marge that drawing, select k
from this manu and the drawing ls automatically mergad into the
Current drawing.

Thiz Is slao ysefull Bllls of metarials, company logos atc. that you
want 10 add 1o the drawing once you are done.

3. GRID Whean you turn cn the grid all Entitias that are drawn with
the sketch functions {for axample POINT: 1.SKETCH) will snap to. the
raarest grid location.

4. PIGITIZE
1. DEFAULT
2. 1TO1
When you want to use a digitizer you nead 10 configurs BOBCAD.
Type CADCFG while in the BOBCAD directory. MNaxt sgt
TABLET/MOUSEMONE to a digitizing tablat. Jf your tabiat Is 18x12 or
larger you rmust uge the 18x12 teblet setting.
Tablata must be initalized to high resolution whan you turn on your
compurter. [For exampla when running X_CONFIG for a KURTA, tablet}
Insids the CAD you can run digitizers In 2 modes:
1. DEFAULT
Set to dafault mods to allow emsy movament of the curgor aver
a sactlon of the tablat.
2.1 TO1
Us¢ this moda for accursta 1 to 1 digitizing of @ drawing.

2. RENAME DRAWING

Setect this functon to change the noma of yeur drawing. (The
cuirent name of your drawiry is shown in the prompt ling}. If you do
Mot anter a name but just hkt the Entar key the current name is not
changed.



UTILITIES MENU
3. READ DXF :

With thig function BOBCAD can read in a drawing made on other CAD
systams. The drawing that you want to read in gt ha in DXF
format, which is originally an AUTOCAL format. After you aselect this
function, type In the full name of the BXF fila. The other way around
to turn @ BOBCAD drawing inte & DXF fila use tha ssparata program
DGN2DXE (whils you are in DOS).

Notel: BOBCAD raads in Points. Lines, Arcg and Circles from DXF
fifas. Dimansions cannot ba resd in in p useful way. Shce BOBCAD
hes a bimit of 11,000 Entities K I8 important (o telf the person who is
giving you the DXF fla to onfy give you the Entitles you nead.

Nota2: Be swars that 8 DXF drawing that looks good an the screen or
oan paper may not be good enough for machiing, After you have
loadad in a OXF file varify the Entitlas to meke stra the drawing was
created accurately.

4. FILE
1.5AVE [You can press the S key on your keyboard to do an ingtant
gave from eny menu). The drawing Is saved automatically under the
nerve with which you started. [The axtension .DGN s auvtomatically
added to the and of tha name |. (By the way, if you forgot the name
and want 1o know it, use funciion 4.RENAME In the UTILITIES MENLU
1o find out].

2.MERGE Select this function to add an existing drawing (previously
saved) to the current ong. You can ondy merge drawings that have
been geved in tha BOBCAD formet. Such drewings have the
axtengion .DGN. If you want t9 merge a DXF file you must usa the
function 2.AEAD DXF in tha UTILITIES MENL).

3.ASCIH SAYE Whan you salact this function the currant drawing i
savad in ASCI fromat. BOBCAD saves Points, Lines, Arcs, etc. If
you want 1o be able to do something with thess fias, like develop
othar fegtures, call BOBCAD-CAM for further infermation and halp.

4. ASCH MERGE Marge an axisting drawing that was aavad in ASCI
format.

5. THREE-D
lse@ naxt paga)



6. DRAW PATH
Thig function reads in an N.C. pragram {G code file! and turnsg it into a
drawing. Thig function is limitad to recognizing GOO, GO1, GO2, GO3,
G381, G0 and G971 commands. These commands defina geometry.
0O cades are tumed into dashed Linea.
G011 ¢odas are tumed into Lines.
GOZ and G503 codes are turmad Into Arcs.
Thi dashad Lines are drawn on leyar 88. All other Entitias are drawn
on layar 29 for your convanianca.

NOTE:

The sysiem checks the first 10 lines of the NC program you are
reading in and looks for a G80 iebsolute programming) or G991
(incrermental programming). If naither is preseant you will be asked if
your NC program is abaciute or ingremantal. The function also checks
ta se. if vou have decimal polntg in your program, otherwise yvou will
ba asked to deflne the accuracy.

Cnce you have entered the full name of the NC program (including
the extension, for exampie: .TAP| you can step through the program
by repeatedly hitting the 1 key {for 1 step at & tima) or the 2 key (for
2 steps at a tima| etc.



-0 MAIN MENU

1. TURN 3-D ON [ 2-D ONLY

Ssimct this function to switch between 2-D mede and 3-D mode, 3-D
mode must be on fer 3-D VIEWS to wotk in the Z00M MENU. With
3-D mode on you will also be asked for the Z coordinate In many of
the functions. For example In the POINT COORDINATE function and
the LINE COCRDINATE functlan.

The firat time you tum 3-D on you will automatically get the Dafaukt
30 vigw,

2. INCREMENTAL [ ABSQLUTE

Belect this function te switch batween Incremental £ and absolute £
mode. This has an effect on functions A.MOVE TO Z, 4.2 FROM
POINT ¥, and B.CAQSS SECTION. With this function set to
ABSOLUTE the Entlties will have their Z cgordinats changed to the 2
cocrdinete that you entered or suppiled. Whh this function set 1o
INGCREMENTAL the Entities get the new Z coardinete addad onto their
previous Z coordinatas.

3. MOVETO £
Tha Entities that you pick will ba moved to the Z depth thet you
anter, With function 2 set w0 INCREMENTAL the Entities wili ba
displaced in £ aver tha distance thet you eanter.

4. ZFROM POINT - Y
The Entties that you picked will be moved to the Z depth that is
gotten from the ¥ coordinate of the Point thet you plckad. When
function 2 is set to Incremental the Entities will ba moved In Z over
the ¥ coordinete of the Point that you picked.

B. 3 POINTS

§. CROSS SECTION
IFor exemples see the exercise cslled CROSS-SECTION In the CAM
saction of the menual}
1.FRONT VIEW: Combine a top view with a front viaw to ¢reste a 3-C
part.
2.8IDE VIEW: Combine a top vigw with 2 side view to creats 2 3-D

part.



3-D MAIN MENU

7. INTERPOLATE:
T¢ divida an Arc or a Ling into smali Lines. The Entities that you
intarpolate will be blanked and moved to layaer 100.
Purpcss:
1. H you want t¢ meching a 3-D Amc that i3 not In the X-Y plane then
interpolate the Arc into Line segmants.
2. To divide an Ar¢ or Ling into small Ling segrmants for the functlon
RULED: SURFACE. |58a function SURFACE for datalis) .

HOW TO INTERPOLATE
Salect function INTERPCLATE
Mext you gea the fallowing meanu;
ENTER ACCURALY f NUMBER OF DIVISIONS
ACCURACY =
DIVISIONS =
MAX, LENGTH =

There are 2 ways to decide how to break up the Entity, 1. By setting
the maximum daviatlon from tha original shapa lin case of an Arc), 2.
By amtering the numbar of divisions you want. 3. By setting the
maximum length of sach segment.

The systemn wll| use the valua that will result in tha most divisiens.
When interpolating a curve to be used In functlon SURFACE: RULED
yoit muat entsr the number of DIVISIONS and lgave the othar settings
the way they are.

8. SURFACE

Drew & rmachining surfaca betwean 2 curveas. Thase curvas cen be

made up from Lines and Arcs.

1.RLULED.
This function draws & ruled surface path betwssesn two 3-D
curves. The Entities of tha curves must have besn Interpolated
previously with function 3-0 MAIN MENU: INTERPOLATE. This
functicn allews finer control than the next function Z.AUTO
RLUILED.
How to operata:
1. Drawy tha 2 curves,
2. Interpolate each Entity in the curves. Make sure the totzsl
number of sagments is agqual betweasn the 2 curves.
3. Use functlon SURFACE RAULED. Make sura you pick each
curva at its beginning. The Sytem draws a straight Lina from the
end of each Lina segmant that it finds.



4, These Lines can then ba turned Into NC code with the CAM
menus.

2. AUTC
Thiz functon makes a ruled surface Betwean any gt of 3-D
curves (g88 axarcises). This oparates simdlarly to the above
function RULED but the Entiths of the twa curves Rrg
automatically interpoieted. During imterpokation thea  original
Entities are bhlanked and savad on laysr 100. Tha number of
Entitleg haa ¢ ba equal In the 2 curvas. You can uze the BREAK
function in the EDIT MENU to maks tham agual,

3.FOLLOW CURVE
{saa exarcizes: D!SH and 2PHERE In tha CAD sacton of this
menual and salsn exarcisa P-TRAFP In the CAM section of this
manual.
TO OPERATE:
1. Craw 8 curve consisting of Entitias.
2. Draw gnother curve and interpolate it.
3. Select function SURFACE: FOLLOW CURVE. Pick tha first
curve and pkek the sacond curve.,



13. NC..CAM

The {ollowing menu appsaars when first antering tha NC-CAM section
of Bobead:

NC FILE OPTIONS
1. NEW FILE

2. 0LD FILE

3. LAST FILE

1.NEW FILE
Selact when meking a new NC program from the part you have
drawn gn tha screen. Now entar any name you want to giva tha NC
program, for exampla ACME1 {tha nama should be no longer than 3
cheracters). When finishing the program and exlting Bobcad, the
program will be saved under the nama ACME1.TAP.

To make another NC pragram from the seme drawing hit the F1 key
on your keyboard while you are In the WIRE EDM MAIN MENU. (A
prompt on the screen will tell you when you can prass the F1 key)

2.0LD FILE sllows you to continue with an old NC program.

2.LAST FILE wvill allow you to continue with tha Jast NC program
mada.

MILLING MAIN MENL

F1: FILE End currant CNC program and start a naw program

F2 : EDIT  Edit functions {also function € In this menu, see dascription
on Tollowing pages|

1. MODALS (ses dascription on Tollowing pages|

2. DRILL
With this function, pick Points, Ares, or Clrcles to be drillad, The
Polnt must be drawn with the POINT MENU or using function HOLE
PATTERN in the OTHER CURVES MENU. Meny drill functions ara
supported. After sel=cting a drll function, hit the F1 kay for raglon



salect and the F2 key to enter drifl variables, G890 turna dsill moda
off.

A.POINT MOVE
With this function, a linear 2-d o¢ 3-d move to a Foint or the end of a
Line or Arc can be made. Tha mava will be rapid or fesd depending
on furnetlon B.

4. SINGLE
Thiz function ellows you to cut 3 contour meking & singls cut at &
tira, I tha tool is not yet an the contouwr, use function POINT MOVE
{shown mbove) 10 bring the tool t0 the contour. If necessary, bring
the tool down with thea TOOL UP/ON wenu functon. Then salect
fumection BINGLE . With the cursor, pick the Line or Arc that you
want 10 cut. The tool ahould elready be at the start of the Line or
Arc. Polnt the arrovy in the dirgction of tha cut.
Reszult: Tha Line or Arc [s cu.
Salect function SINGLE agein and the naxt Line or Arg in the contour
geta cut automadcally.

Whean function S8INGLE comes to a junction in the contaur or the end
of 8 contaur, you wi be azked to pick the alement to ba cut.

When function SINGLE finds a dashed Ling {3g¢a COLOR meanu}, then
a tool up move is generated followed by & rapid mova to the end of
the Lin= followed by a tool down mova.

MNota: In the TOOL UP/DN menu, function Z=FIXED rasults in 2-D
wnput. Toggie thia function to 2 FROM CURVE and you will get 3-D
QUTPUL.

5. AUTD .
Read function SINGLE described above before trying this function.
Function AUTQ will cut an entire shape,

Usa the function PUINT MOVE to move the toal to the baginning Line
ar Arc. Next go to the TOOL UR/DN menu.
Use function TOOL DOWHN for 2-D or B for 3-D.
Maxt select functon AUTO and pick tha first Lina or Ar¢ (The tool
should afready be at the beginning of the Ling ar Arc).
Faoint the arrow In tha diraction of the cut.
MNaxt pick the |aat glemant on the shape that you want cut or hit tha
'T' kay to cut the entire shape.

Result: The alsments will ba cut.



Note: Function SINGLE and AUTO can be used combined.

Note: When functlon AUTO meets a dashad fine (ses COLOR MENY)
tha o0l is automatically moved up 10 clearancs. A rapkd move Ia than
craated along the dashed line followed by & fasd move down Inta the
part.

8.EDIT
VWhile creating your CNC program, BOBCAD allows you to meaks
changes to the CRC program with the Editor. Tha EDIT MENU also
ligtx TOOL CHANGES, MACROS and other utlides. The ftodlowing
pages contain a asction devoted to the EDIT MENU.

7. TOOL UP/DN
With this menu you ¢an bring the tool up or down and sat your
cutting depths. The following papges contain a section devoted te this
m&nu,

H.RAPID MODE ! FEED MODE
Salect this furetion to teggle between Rapld (GOD) and Fead modes

{GQ1). Thiz matting affects functlons POINT MOVE, SINGLE and
Aml

8.CUTALL
This function cuts it the contours, with tha exception of those in a
layer that has been blanked., When thls function is ¢hosan, a rapid
move l& made from the origin 10 the closest element. Tha slemant
and the connecting contour is then cut, CUTALL than finds the next
negarest contour and cuts it, Whean all contaurs have been <ut the
tooi refums to tha origin,

MNote: RAPID MODE/FEED MODE should be set to FEED MODE when
using thia functdon.

MODALS MENU

G40 CUTTER COMPENSATION OFF.
Click this function and 'Ga0’ g added to the CNC code. G40 ig a
comenand that s recognized by machines thet support cutter
cmpensation.



G41 : TURN CUTTER COMPENSATION ON TO THE LEFT
Click this functon and *G41° iz added to the cnc code. G41 is a
command thet Is racognized by machings thet support cuttar
compengation.

842 : TURN CUTTER COMPENSATION ON TO THE RIGHT
Click this function and 'G42* is added to the ¢ne code, G4Z is a
command that la recognized by mechines that support cuttar
compensation.

G950 : PROGRAM IN AREOLUTE MODE
G20 tells tha CNC controller that the coda Iz In abaghne
coordinates relztive 10 the origin, The origin can ba rashifted with
functions NEW ZERD AT in this manu,
With program MILLCFG.EXE you can set the default vaiue to G35
or G91. Hera you cen ovearride it.

G591 : PROGRAM IN INCREMENTAL MODE
G991 tells the CNC controllsr thet tha coda Is in incremental
coordinates, With program MILLCFG.EXE you cen set the dafault
valug ta G0 or G911, Here you can pverrde It.

GH2 :Meke a8 G92 move o n aslected Paint.

NEW ZERQ AT:
While programming In absolute mode G20 you can change the
raference peint. With this function plck a Paint on the screen. This
Point will now become tha new pbaolute origin from which all X
rnd ¥ coordingtes In your CNC code are measured.

TOOL DASPLACEMENT:
Thia functlon Is for mechines with mores than ong head (For
axample, ovarhead gentry routers with several mounted routar
spindlea). Typically such routers are displaced with an X and Y
displacament.



Built-In NC Edit

In the MILLING MAIN MENU, the EDIT MENU can ba eriersd by
pressing tha F2 koy {a prompt on tha acreen will indicate this).

ELIT MENLU
EDIT BLOCK

OOPS

TOOL CHANGE
CUSTOM

ADD TO BLOCK
MACROS

NEW BLOCK #
SIMULATE

1. EDIT BELOCK
When selecting this function, 8 white text cursor will sppear near
the bottom of the screan on top of the NC pregram. An arrow also
appaars, pginting to thet part of the shepe which corresponds to
whare tha cursor is in the NC praogram. When moaving the cursor
with the mouse, the errow also moves, indiceting the part of the
shapa baing edited.

Mavg the text cursar to the part of the program thet you want to
change and click the left buttor on the mouse. The bright white
cursor will move to the place chosen. Start typing in the changes
or hit the space bar to erase what is there. Clicking the left button
on the mousa will also srase taxt. Note that anything typed in is

addad where tha bright white cursor is, not wherg the grey cursor
ls.

To axit tha Editor hit the Esc key or the right button on the mouse.
2. DOPS :

Thiz functien allows the user to duelete the last line of cods from

tha NC Program.

3. TOUL CHANGE



Select the tool you want to add o the NC code. The ten tocls
listed can be changed and set with the program MILLCFG. To run
MILLCFG, axit tha Bobcad program.

4. CUSTOM BLOCK
Select the coda to be added to the NC code. The tan Custom
commands Nated can be changed and szat with the program
MILLCFG. To run MILLCFG, exit the Bobead pragram.

. ADD TO BLOCK
ADD TO BLOCK commands are sdded to the end of the lest NC
blok on the bottom of tha screen. The ten ADD TO BLOCK
commands can ba changed and set with the program MILLCFG.
To un MILLCFG, exit the Bobcad program.

8. MACROS
Tha MACROS list is & list of text files, crested using any ASCI
text editor, thet contain any number of ASCI text lines. Any
saction of program coda that requires mors than ong line of code
¢an ba placed into a MACRO fila, such as canned cycles, arire
tool changa blocks, B singla pess of lathe threading code, or eny
semirepetittous saquence of g-code.

Where CUSTOM and TOOL CHANGE set cne Ena of code at a
time, a MACRO fils can contaln an unlimited number of lines. The
data s etatic and no variables are used of calgulated within the
MALCRQ fila. '

The text file name can have any valid DS extengion. A .MAC
extanvion kB racormmmended so that the files are easier to find and
do not get confused with other data-typa files. The name of tha
fim and Hs extension must be added to the MACRO list in the
MILLCFG fils {sse the NC CONFIGURATION saction of tha
manuall. Then in BOBCAD, the fite name appsars in & llst whan
MACRQ Is chosen from the EDIT MENU. When the fila name is
then chosan, the text In that file is added to the current NG
program.

7. NEW BLOCK #
Thig function iy used only whan NO LINE NUMBERS has been sat
to AUTOMATIC LINE NUMBERING in tha file MILLCFGS (ses the NC



CONFIGURATION section of the manual). This function cen be
ugad to have the NC program ¢omtinue at a new block #.

B. SIMULATE
Given & tool path diamenter, SIMULATE wil display a simulation
of the tood dlameter cutting the tool path. This allows you to saa
how ths cutter would remove the materel for the path given.
SIMULATE can ba used before creating the G-Coda or aftar a G-
Code file has been produced and is read In to BOBCAD using the
DRAW CNC utilty.

For Example, in machining a pocket in which the OFFSET
commend wag used to offset a shape toward the center of the
pockat, SIMULATE can be used to check the path of the toal and
assurg that all of the material i* ramowved.

TOOL UP / TOOE DOWN MENU

1.2 =0.100 '
This number rafers 10 the clearance height, which can be modified
with this function, The dafault setting can ba adjusted with
program MILLCFG.EXE.

2. TOOL Up
=esect this function to move the tool up to the clearance haight.
Toe tool on tha left-hand side of your screen will represent tha up
or dovwn pogition,

3. TOOL DOWN

Salact this function to move the tool down to tha cutting depth
shown in function 5. Tha tool on the left-hand side of your screen
will repragant the up or dawn pasition.

4. RAMP
Thiz function moves the toal from clearance height to a Point or
the end-Paint of a Ling or Arc for a 3-0 move.

Mote: in order to ramp to a contour you must toggla function 2 =
FIXED to Z FROM CURVE.



5 I w=-1,2500

This function controls tha cutting dapth of the tool. Bafore maving
the Toe! doewn with the TOOL DOWN function, the depth can be
changad whth this functlon. This depth is used for cutiting at fixed
daptha (alzo called 2.5 axiy curting). To get 3-D surfaces =sst
function Z=FIXED to £ FROM CURYE and your cutting depth will
coms from the contour. [see axgercises on 3-D surfacae mechiningl.
The dafault satting can be sdjusted with function MILLCFG.EXE.

Z = FIXED{ 2 FROM CLRVE
Toggis functlon :
Ume Z = FIXED when cutting a8 2-D path at fixed depth. The dapth
In function B 13 used.
Les 2 FROM CURVE whet cutting 8 3-D contour,



QUICK KEYS AND
CURSOR CONTROL

Section 6



IMPORTANT KEYS

When pressing a Quick Key, you go to that menu Instantly. Looking at tha
MAIN MENU on ths screen the {luick Keya are tha lettara that hewve tha
same color as tha Hi-Lighted bar. For axemnple, whan you are in the ARC
MENLU and you prass the P kay on the kayboard, you Qo instantly 1 the
POINT MENU.

Oulck Kaya only work whan thera is 8 manu on the screenl

MNote: When the cursor isg nn.tha scraan, the Keys P, L, A, and B have a
diffarant function (see naxt page under tha titde IMPORTANT KEYS WHEN
THE CURSCR IS ON THE SCREEN).

QUK KEYS
IMPOSTANT KEYS WHEN THERE (£ A MENU ON THE SCREEN,

Go diractly to tha MAIN menu

Go directly to the EDIT menu

Go diractly to tha POINT menu

Go diractly to the LINE menu

Go directly to tha ARG manu

Go diractly to the OTHER CURVES manu
Go directiy o the COPY/MGVE manu

Ge dirctly to the Z00M manuy

Go directy to the VERIFY DATA manu
Go diractly to thea IMENSIONS manu
Go directly to the UTILITIES manu

Go directly to the BC....CAM manu

o an ingtant SAVE of the drawing
&0 directly ta the QLT menu

Go directly to the TRIM menu
REPAINT tha scresn (REDRAW)

D= pw ZCQL MNOOPRrTOTmME

e

Turn HELP on or off



RETURN KEY lalac cailed the ENTER KEY): Salect function from the manu.

[ YWhen the prompt ilne on the scraan shows the characeer [ and you
press it, a diffarent option apparars.

IMPORTANT KEYS WHEN THE CURSOR [S ON THE SCREEN

P Pick a Point on tha scrésan

L Fick a Lina on the screan

A Fick an Arc ar Circle on the screan

D Pick & Dimeangion on the screen

SPACE BAR or left button on the mouse: Pick any Entity

c Tum Cursor ¢oordinate display on or off (In lowar ket cormer of
ECragn)

DEL Kay Dalata the last Emtity that you have drawn. [On some
keyboards you have to press tha '.* [tha pariad]}. NUM LOCK
muat g on.

[ Whan the prompt line on your acraan shows the [ character and you
prass this character a second option appeers.

] Raturn to the MAIN menu

RETURAN KEY or right button on yow mouse;
Terminate cursor mode and retum te previous menu.

BACKSPACE KEY :
This key works like an “Qops key"™ whike you are in the following
functons:

SINGLE DELETE: Haatora last deleted Entity
TRIM: Restore last timmed Entities

DIMENSION: Mava center of 8 Dimension

ensCOntinued



QUICK KEYS

1,2,3,4,8,7,8,8 move the cursor around {Num Lock muest be onl)

ENTERING NUMBERS

c Turn oo the Calculator while amtaring & numbear. {See back of manual
for a full description of the caiculator)



BIGITIZNG TABLET

DIGITIZING TABLET

IMPORTANT NQTE:

1. ¥You muat usé the puck imousel with the tabiet. Freguently a stylus or
pen is alzo supplied with your dighizing tablet. Do not use the stylua, a3y it
can be urraliabla.

2. Try 1o keap tha puck on the tablet all tha time. When the puck la not on
the teblet you mey get 4 time delay batvwsaan each function.

IW0 FUNCTIONS:

With the tablet you ¢an do two thinga:
1. With the puck you can salect functions frem the menus. Whan the
Cursor s on the screen you can pick Entities or indicate positions.
2. With tha puck and cresa-hairs on the puck you can dighize e part.

KURATA DIGITIZERS
BOBCAD will work with any size KURTA digitizer. The KUATA muat ba

initlalizad when you turn on your computer or ¢ least bafore yvou atart
BOBCAD. This is describad [n the manual that came with your KURTA.
Maka zure you set the KUATA to high resolution when you Inttializa it!

HOW TO DIGITIZE & PAAT FROM A DRAWING

1. Tapgr the drawing to the tablet. Ba sure it is straight.

2. Salect function CUSTOM from the UTILITIES MENU. Next selact
HGITIZE 1:1. Now asch inch on your tablet corresponds to an Inch
inside BOBCAD |

3. Now you can usa function PQINT: SKETCH or function LINE: SKETCH
or function LINE CONTINUODUS: SKETCH ta digitize tha part ag follows:
Place the crosg-hairs of the puck on tha part and tap button 1 of the
puck lightly ta register sach position.






CALCULATOR

Sectlon 7

Tha calculater can be awitchad an whenaver you can enter a value. For
axample; f youwanttodraw aPointat X = 1.2 + 0.3, Y = & twan dg
the followving:

Go to tha POINT MENL)
Salect functlon "COORDINATES"
Do not type in the value but press the C key.

The Calkculetar appaars at the bottomn of your acragn ang weits for your
aguation. .

Enter the equation; 1.2 + .3
MNext press the enter key or "="' and the answer it digplayed.

i vou rmake a rmistaks and de not want the vglue uze the backspace key to
mak& changes (o tha aguatlon.

If tha answer iz accepabie, hit the genter key again and the value Is Inserted
a3 tha X value. Next entar the Y value as usual.

Exgmples of sguations the cakeulator will accept:
2 + 3/4 = 2.75
2*7-1.5 =125
2 %({7-1.5) = 11

i(1/2 * SIN{30} + RCOS(PI/A)}/{6-2**3) = -.375

e nscontinued



CALCULATOR gontinued

The calculator accapts all the functlons ahown beiow. The ordar in which
the calculation takes place is tha standard arder. Tha functions are shown
below in incraasing order of prority. {The functions on the top of the list
arg calculated last). :

FUNCTION WHAT IT DOES
{1 Brackats

+ Add

- Subtract

* Muldphy

f Divida

el Square

SORT Square root

Pl 3.1415928
ABRSDxxx) Absolute velug
SIN{d=groes]) Sine of dagrees

KU Ao NN ERODHATDDEERLRNRRNNDN

COS(degrees} Casgina of degraas

TAN(degrees) Tangent of degrass

RSIM{xxx) Sine of radian

RCDSDo]) Cosine of radizn

RTAM |} Tangant of radlans

ASINE [xxx} Arcaing (anawer in dagraes)

ACODS(xxx) Arccosine [(answer in degransg)

ATAN o) Arctangent [(engwer in degrans)

RASIME{»ooc] Arcsine [answar in radians)

RACOS(xxx]) Arceosing lanswer in radlans)

RATAN [xxx) Arctangant (answer in radians)
QTHER KEYS:;

Back space key: Corract tha equatlon if you make & mistake,
Enter ksy: End of aquetion. Hit enter key again to accept the value.
= : Sama as Enter key



PRINTER

With BOBCAD you can print a drawing in 2 ways:

1LSCREEN DUMP: You can print straight from the screesn to the
printer. A SCREEN DUMP is not to scale and the resalution
depends con the resclution of your screen and your printer. The
screen dump will not work on each computer and wili not work on
laser printers. In that casa you can only use the next print option.
2. Through the program PRINTDGN: This program Ists you put a
drawing onto your printer ¢ scale. The resolution depends on thse
regolution of your printer. PRINTDGM will work on dot-matrix
printers and lasar printers.

1. HOW TO DO A SCREEN DUMP
Ser-up:
When you switch your computer on do the fallowing:
If you have DOS 5.0 and a VGA graphics card then type the
commangd GRAPHICS {which is part of DOS 5.0). If you
have an oider version of DOS than type the command
EPSON (supplied with BOBCAD). The EPSON command
works on EGA cards only. You can make this automatic
avery time you tum the computer on by putting the
GRAPHICS command or the EPSON command in the
‘AUTOEXEC.BAT" file using you text editor.

(Note: If you do not run the 'GRAPHICS' command or the
'EFSON' command then only the characters will appear on
the printer, no graphics.)

How to run:

While in BOBCAD when there is a drawing on the screzen,
held down the 'SHIFT” key and press tha "PRANT SCBN or
'Print Scresn’ key on your keyboard, After a few seconds
what is on the screen will be dumped onte your prister.



PRINT - 2

2. PRINTDGN
BOBCAD has a program call 'PRINTDGN'. PRINTDGN
can take a BOBECAD drawing and put it an your printer to
any scale with the maximum resolution your printer
allows.

SET-UF:

t. PRINTDGN raquires the coerect driver for esach printar model.
Included with the aoftware are over 100 different printer drivers. (Driver
fils names and with the extangion ".PAT)

First try to run PRINTDGN to 3¢e what happens (aes paga PRINT-3). If
the print comea out correctly you can Ignore the following set-up
procedure. .

If the print doas nat comsa out at gll;

8l Look for the correct drivar for your printer in the Jist of printer drivers
supplied with the software. You will find the printer drivers on the floppy
disk called PRINTER DRIVERS in subdirectory PRINTDRY. H you cannot
find ore that metchas sxactly your printer try one that looks like k.

t} Copy the driver to the file "DPRINT.PRT' in the BOBCAD directory
using the copy command. (For axampla: go to tha BOBCAD diractory
and typa: COPY ANPRINTDRWVEPSONMH.PRT DPRINT.PRT , i
you have a laser printer type; COPY ANPRINTDRV\HPLSRTOO.PAT &

DPRINT.PRTI. Next try to run the progrem PRINTDGN (ase page

PRINT-3 on how 1o run], Sk
If the prigt is not to scale:
1. In BOBCAD draw g square with both sides 8" lang. Put in 8 verticsl
dimenslen {for the Y direction using tha DIMENSION MENU, Save the
drawing with the name "SGUARE' snd quit BOBCAD.
2. Type 'PRINTDGN' to start the printer pregram. MNext anter the namea
of the drawing (SQUARE). Next press *C" from the menu to configure
the printer scake.
3. Enter X size = §.0

Y slze = 8.0
4. 8simct 2.8CALE = 1:1

aaContinued



PRINT - 3

Your printer will now print the squara. Meesure tha squars and write
down tha dimenslong. If each side |3 gxactiy 8" the drawing i3 to acals
and you era dono. If ona side gr bath sides gra not to scaie than:
Aapaat stap 2 sbove.
Aepaat stap 3 but enter:
X glza = dimgngion you meggurgd
Y siza = dimansion you maasurad
Aapeat stap 4.
Tha print is naw to scalal

TO RUN PRINTDGHN

Type 'PRINTDGN' while in DOS.

Mext type the name of the drawing you want to print {without
typing the extension *.DGN' ). You can include a path If you need
to {For example the name \BOBCADWABCDXX).

Mext select the scale mode, for example: 2.SCALE 1:1

If the print is not to scale or nothing appears on the paper, follow
the set-up procedures on page PRINT-2. The software has been
shipped 10 you with a standard EPSON 9-pin  configuration. This
should work on most dot-matsix printars but will not wark on a
lagar printer, In this case follow the procedures on page PRINT-2,

HELP

if you need halp eall the technical suppont office at {408) 988-
2345,

Copd sehup-®
i
quQ |
A LY - '..x'-fng s = 7777

t Con ¥



INVOLUTE GEAR

Tha Gear function is in the OTHER CURVES MENL.

BOBCAD ganerstes 1 gear tooth from the wvalues the user enters. The
rest of tha gear must bs ganarated from this one tooth using the
COPY functions.

# TEETH ; Total number of teath making p the gaar.
PITCH DIAM : Phtch Diamster.

PRESS. ANG FPrassura Angla at Pitch Diamater,

OUT DIAM Outslde Diamster of Gear.

RES. ANGLE Aasolution Angle: length of Arc In degrees

For example 88t 10 5. [2ee below for
axpianation] _
The gliding surfaca of aach toath i mads up of smali Arce which is the
mast optimal solution. The length of sach Arc is set with the RES.
ANGLE |Resolutlon Angla}.

The tooth BOBCAD pgeneratas congists of tha following:

1. The Gear is centered aroung X = 0, Y = 0

2. Several Arcs make up tha sliding surface.

3. Thera are 4 Arcs with center X = 0, ¥ = 0. The first hag tha
outside diameter, the second has the pitch diameter and Is dashad,
the third end fIourth have the atandaerd Inside diamater.

BOBCAD generates only 1 toath go the user can complate the tooth any
way he neads before using the COPY:ROTATE function 10 dravwe
the whole Gear. For éxample you can;

1. Draw 2 Fillet betwean the “Arc with tha outside diameter™ and each
of the Top comers.

2. Or raplace the ousida Arc with & Ling end then you may want to
dravy 4 Fillet at each of the top corners.

L eontinued



INVOLUTE GEAR

d. Usa tha function 3 ENTITIES in the ARC MENU to draw an A
connecting one tooth 1o the next and the Ingkle adius. [Mote you
must first draw another tocth uaing the COPY/ROTATE function).
Cr you can decide to draw a Ling from tha first Arc to 8 Point X =
0.% = (. Next draw a Fillet betwean tha Lina and tha ™Arc with
the ingide diametar”.

NOTE: Tha first and smailest Arc of the sliding aurface may be ton small
for your controller to be usaabla. In that case dalate [t on both
sidez of the tooth 2nd extand the ngxt Arc.






BOBCAD GOLD
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BOBCAD GOLD Features

Machinpabls Fanta

This version offers several machingable fonts.

To draw text, select function TEXT/FONTS in the Dimensiong menu.
CAD TEXT is a font thet i3 meant for putting the noteg on the drawing
that sreé not going to be mechingd. CAD TEXT i stored 53 & agingke
plement and doas not use much memory. CAD TEXT is avaitable in 150
Font only.

To chanpe the siza and angls of CAD TEXT, setect the function
ATTRIBUTES in the Dimensions meanu.

CAD TEXT c¢an be changed to machineable text by selecting the
PATH TEXT function in the Othar Curvas menu. Than in the Millling menu,
atert machining in the tower left comer of the text and then use the
functon AUTO. In the Edit menu, the function SIMULATE can be used 10
gae the actual finished part.

Using Fonts:
Salact the function TEXT/FONTS from the Dimanslons meanu.
Naxt seiact tha function FONTS.
Type In tha text.
Razult - tha mechineabla font is drawn on the scresn. Each character
consists of many sbort lines. Characters arg one inch high and the
toxt sterts at X = 0, Y=0,
To change the slze and position of the taxt, usa the functions in the
Copy/Mova manu.
To mechine the fonts use the function AUTD in the CAM menus.
Poaltion and size options wil ba added in tha futura.

Buled Surfaca

A ryuled surface can be drawn betwasn more than two sats of curves
using the function RULED in the Surface menu [3-D menu). The functicn
AUTO RULED iz limited 1o two curvas ondy. To bacoma familiar with the
ALULED SURFACE function, do the RULED SURFACE exarcizs in the CAM
Exercigas section of your BOBC AL Manual.

To draw a ruled surface between many curvas, sach curve muat first
be imerpolated. An imerpolated curve conalsts of many short lines. Each
curve Myst have the same number of knes.



Simulate
Function simulete shows what material wil be cut eway based on
o0l size. You can select function simulats from the draw path menu
{sae utlliitias menu) and also In tha edit menu {see Cam menu).

Cutall

Tha CUTALL feature Is locatad in tha Cam menu. Whan you selact
CUTALL lings and Arcs will be cur.  Functon CUTALL starts off by
maoving to tha nearest element and then chalning around tilt it can go no
furthar. Then it rapids over to the to the next nearest alament and doas
the aame thing. When évenything has besn cut, the tool goes back to
Xmi, Y=,

Cutal! doas rit ¢check for dirsctlon therefore this function Is not
usefull for avary kind of Job. To compensate for your cutter diameter
you can use the OFFSET function in the Other Curves menu. Then

before you uaa functions Cutal, make sura 10 ELANK the orlginal shape.



LATHE

BOBCAD-GOLD js a CAD-CAM system that can program both Milling
machines and Lathes. When you start BOBCAD-GOLD it starts up in
Milling made. To switch to Lathe mods go Imo the UTILITIES MENU
snd sslect funetion LATHE = OFF so0 it switches to LATHE = ON.
First howsvar you shouki become famiBar with the software by doing
the CAD axarcises and the CAM exercises with LATHE = OFF. Then
whan you know how to work tha software switch 1o LATHE = ON,

When you sst LATHE = ON you will now be asked If you want to loed
the LATHE TOOL UBRARY. Answer YES. The LATHE TOOL LIBRARY
congists of a selection of pre-dravwn tools. Later you can draw your
own teols and add thess also to the ool librery.

MILLCEQ
Additionally ths NC output formst must be set using the MILLLFG

routine. In MILLCFG se1 STANDARD X, Y CUTPUT to LATHE OUTPLIT.
ILATHE OUTPUT has various options inchuding radlus and diametar
programming|

¥han vou are In LATHE mode vou will find the following:
1. In the CAD the vertice! sxis ls now the X-Axis and tha
horizental axis the Z-Axis. Input for the vertleat axis is in Jiemater
{for sxample look at function POINT: COORDINATE or LINE
COORDINATE!.

2, In the OTHER CURVES MENU tha POCKET function Is repiaced
with a LATHE ROLUGHING function

3. Tha CAM saction ot BOBCAD afiows you to program X, Z, |, K
outpirt with optional R for Radivg. To eet this you have to run the
MILLCFG program and select LATHE OQUTPUT muead of
STAMDARD X ¥ OUTPUT. We have preset the output for you in
fila CAM-2.CFG which you can sslact when you go Into the CAM
saction of BOBCAD.

4. A TOOL VUBRARY which is shown on tha next page can be used
in which tha diffwrent tools are stored. The salectad tool will be
used to calculate tha reughing path {pea-turn). The selected tool Is
alzo displayad in the CAM section of the software.
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brthe continued

cycles, mmulmvmmwm . also
provides a roughing funetion. The ROUGHING function calculetes a path
which checks for ool colllsion with the pert. Thiz s shown below. The
following exerciss ahows you bow this b doms. In additon tha OFFSET
furctlon in the OTHER CURVES MENU can be ussd to gensrmts sn Offsst
curva which compenaatas for the tool tip redik.




iathe oontinusd

USING THE ROUGHING FUNCTION

First in the UTILITIES MENU ant LATHE = ON

Draw the outline as shown balow. Meks sura point A and point B ars at tha
sarma height. The angle mt which the roughing takes place [s tha same as the
unghmlﬁmbmnmpuht.nwmn.mI.Iruunﬂurighthdrnwn
daghed. No taol interferance is calculatsd for 3 dushad Line.

MNext salect function ROUGHING in the OTHER CURVE MENLU.

MNext pick the autline sterting with tha Line at point B {H you start at poimt A
the cutting will go from laft 1o rightl.

MNext pick the shaps of the wol. Nots: the ool ashaps must be a clossd
cantour.

MNext pick a refersnce point on the tool. This Point s the axtreme Point of
cortact bgtwaen the part arnd the ol duriag setup.

Next enter the stap-aver distence.

Automnatically the pra-tuming path is calculwmed which is shown on the next
page. (The calculetions can take a fak amount of me, the computer Is
not hanging upl.

Whan you are In the CAM manus the upper right Point In the drawing is
whera you gtart machining.



atha contineed

To compensate for the tool tip radiue without waing G41 or G42 you can
wan the OFFSET functien in the OTHEAR CURVES menu 10 creata the tooi
centar path. This is shown below. Naxt in the CAM menus use this Offser
curve to crapte the NC code.

Y




Lathe Exerclse

CAD SECTION
Start a new drewing In BOBCAD and give it 8 name. such as LATHE1.
From the MAIN MENU, choota Z00M, WINDOW.
Pick tha firat comaer of the window at X = 1, ¥ = 1. Move the box to the upper left and finish
thewindowat X e 4 ¥Y=13,

Retum to the MAIN MENL, UTILITIES. Move down ko LATHE-OFF and {oggle this to LATHE-
ON. Do not load the Toal Library at this tima.

This Part will ba drawn In & positicn that lends itsell well to Isthe machinig. Parts should
always be drawn In s manner In the Latw portion of BOSCAD, but the COPY/MOVE feature
can aways be used to changa the position of the part,

Remember, the lathe coordinate system iz now on.  The vartical axis i now the X-Axis and

the horizontal &3 is now the Z-Axis. Values esntered g3 X coordinates will be sesn as
diamater values,

%ﬁnu, choose DTHER CURVES, RECTANGLE, COORDINATE
Enfer X=0. Z=0. Choose ABS X & Y.

Enter X = .T50, Z = 1,125 for the opposile comer, Corner radius = 0.

Thare should now ba a rectangle on the scregn st maximum pert coordinates.

Raturn to the MAIN MENU,choass ZOOM. VIEW ALL. The part should cooupy most of the
SCIeen.

Review the fallowing:
1. The bottom lina of the rectangle is really part center.
2. The top line is st X = 375 (A .750 Diametar valsa has a radius distanca of A75)
3. The VERIFY DATA selection from the MAIN MENL will still messure the part in the X &
Y coordingte systam. Keap this in mind when using VERIFY DATA.



From MAIN MENL choose LINE, COORDIMATE.

Lina C iine D

Erder X8 =.5 X5 w T8
Z5=0 28 = - B78
XE=.8 XE=0
ZE =-1.126 ZE = 875

Tha drawing should look e Figure 1

A
D C B

Figure {

Fram MAIN MENU, choose EDIT, TRIM, TWO ENTITY.
Plck the upper part of fine D and the rigivt-hand porlion: of lina G.

Salect ONE ENTITY from the TRIM MENL.
Plck the lower partion of line B and then pick the point whera line C intersects line B. Naw
pick the lefi-Hand partion of line A ard then pick the point whees lins A irtersects lins D.

The drawing shauld look ke Figura 2.

A
B L R

Figure 2

From MAIN MENL, chacse LINE,.CHAMFER, DIST/ANGLE.
Enter & distance of .02 and an angla of 45. Now plck ling C then pick lina B. A chamfer ehould
appeaar gt comer BC. Put a chamfer at the commer of AD In the same manner,




From MEAIN MENL, choose ARC, FILLET.
Pick ling D, then pick line C. than enter a radius of 076

The drawing should ook like Figurs 4.

A
U

B C s

Figura 3

Figune
Prass 8 i SAVE the drawing,
Craats the Finigh Path:

To craate the finish pass, the OFFSET commend in the OTHER CURVES MENU will
ke used to build @ path parallal the finished part, ‘This parallsl path will be centered an the
canter of the the tool nose radius 1o keep the adgs of the too! tangent to the part &t all timas.

TmTqumenﬂsmfurmnfhishpmmhLATHEnuudtnbundjmtedhyﬂu
radim of the tool nose in the Z axis. Depanding on the LATHE, the tool leegth ofisst should ba
adiusted by the Towl nose radius in the X-mxiy for a radius maching, or by twice the tool noee
radius for a diarmater machine. T ' Lo

To keep things simple, different layers will be usad for the mechining of the firigh pess and
the mugh pass.

From the MAIN MENU, choose LAYER, NEW

Type in the new !aysr number as 1.

From the MAIN MENL, choose OTHER CURVES, OFFSET, CHAIN, and DIETANCE
Entar the Bistance as .0315



Salact line B {clayest to the X0 end of the Iina), Indicata the direction of the amow UP and
piace ft ta the right 5ide of the part edige, then select tha line A as the [ast entity. Press tha
right mouse bution. The Finish path s now drewn.

Now tel's ndd & start point and a finish point o the finish path. This makas it easisr to control
hirw th ool spproches and sdts the part,

Fram the MAIN MENU, chooss POINT MENU, END

Pikck the bottom end of the finish path line paraliel to lins B and the left end of the finish path
i parafiel to line A

Prass the right mouss button, then pick ING X-Y, pick the first point just put In, INC X RAD =
0, Z= 1. Pick the second poind, INC X RAD'= .1, Z= 0.

T\

Figura &
te

The rough pass will be gensraiad from the finish pass on Jayer 3.

Before that we will bulld the roughing boundry on Ieyer 2 and leave 030 stock on the part for
tha finish pes fo ramave. Yes, thet I a lot of materal to leave for the firish pass, but whan
you sae how to build the roughing boundry, you can make that stock amount smaller,

Snce the RUUGH rouline workes with the theeritical tool tip, the Tool Langti Offsets would
NOT be adjusted ke tha finish pass. '

Lot's load the TOOL LIBRARY now.
From MAIN MENU, chocas UTILITIES, LATHE-ON, LATHE OFF
Load kool Library? YES

Use ZOOM, VIEW ALL o sse ol of the evallable iools. Many comenan shepes ane
repeaseniad and thers |s a choice of culting sdge radius for mast of the toole. Use the ZOOM
WINDOW to gt a closar koak st the tocls. Notice each tool has & point on the cutting edgs for
rﬂarmﬁwmwmnvEnpﬁmfrnmmammMEHUmhamadhmwtuﬁmmn
library lo sny peird on the screen, but this option: will not ba usad in thls exercise,

From MAIN MEND, chooss LAYER, NEW,

Enter the new layver number as 2.

Press the Right Mouse Button,

Choose BLANK, PICKSMATCH, '
Selact the finish pasa, This blanks the finish pass from the sereen so that it cannat ba
changed azcidentally.



Lat's build up the roughing boundry.
From tha MAIN MENL, choess OTHER CURVES, OFFSET, CHAIN, DISTANCE.

Enter the Distancs a3 .03,

Salect [ine B (clasest o the X0 end of tha (ine), indicate the dirsction amow UP and to the rght
side of the part edge, then salect tha line A g3 the kest entity. Press tha right mouse bulten to
incicats lhat we are done salecting the shapa.

Pick YES for the quastion SELECTION OK? and NO for CONTINUE OFFSETTING NEW
SHAPE?

From itw MAN MENL, chooss LINE, PARALLEL,

Pick the Finish pasy ne parallal to ne B, indicate the right side of the line, Distance =.1 and
pick tha finish pess line parallel to line A, indicate the gide 2 above the Bne, Distancs = 1,
Return ko the MAIN RENU and choose ZD0M, REDUCE.
Pichl-lE,Jnﬂundfnlnumnfmupmﬂﬂllnnmﬂunriginlllhuﬂmnwnhﬁnmﬁ.
Hit the Right Mouss Bution

From the MAIN MENU, choose EDIT, TRIW. ONE ENTITY.

Salact the far righ hard line, near the top and of the ine, then select the upper most
horizantal Soe.

Hit the Right Mouss Buttan
DELETE THIS LINE
! CHANGE TO
DASHED ~

J

Fa,

Figre 4

The LATHE ROQUGH routine will ereats the rough passes parallal to the angle created
by the the upper mast end of the rough boundry, &0 for this part wa want the lings to be &t the
9ame X diamster #o that the rough passes will be parallel o the X axia.

From the MAIN MENU, chooss EDIT, DELETE, SINGLE
Delets the line indicated in Figure 8. Press the Right Mouse Button when done. If you picked
tha wrong ¥ne press the BACKSPACE key, This will undelets the last deleted antity.

ﬂnnhmtihhgtﬂdubﬂwnmm:ghﬂumapuhtudmmufarrﬁnhandlinnfmm
a saolid to @ dashed line. The LATHE ROUGH routme loaks gt the whole tool to maks sure it
doss not bump inte the part ¥ wo lsave this line as & solid ling then the tool will stay Fwsy
from the right skie of the roughing bouncry. Wa don't want thal!, Tha |eft side Ia all right, but
we wart the referance point of ihe 1ocl to go a the way to the far right hand ine to clean all
the materig] off the part bafore we come in with the finlsh pass.



Fram the MAIN MENU, chaose COLORISTYLE, MODIFY STYLE, SINGLE
Pick the far right hand line, prasa the Right Mouse Button, then chooss DASHED

Prazs % to BAVE the drawing

From tha MAIN MENU, choose LAYER, NEW
Type In the new layer number as 3.

From the MAIN MENU, choose OTHER CURVES, LATHE ROUGH

s

USE THIS
‘r—-. | TOOL
|
? Ll -

Select the right vertical line, peint the arow down, press the ] key o complate the chain, end
chooss YES for SELECTION QK?

Salect tha tool shown In Figure 7 by pressing Z for the 200M MEND, VIEW ALL then press
the Right Mouse Buiton (Note: don't press the ESC key, this will kneck you out of the cumant
cormmand), Pick the toal halder and the point at tha Lip for the tool referance point.

Erdar the Distance between cuts as 075

Tha lathe rough pess wil! be built

Figu 8
The CAD sacilon of this axercisg I$ now completa. The CAD portien of BOBCAD may be
entarad egein at any tims, if changes to the drewing need ic be mads.

it iz imporiant lo blank out the roughing boundry before we go fo the CAM saction fa produce
the machins G-code.  Otherwise the boundry will get In the way of selacting the Frst citting
ine of the roughing pass.



From the MAIN MENU, choosg, LAYER, BLANK, LAYER
Type In 2 o blank layer 2 {aur roughing bouvlry layer]

CAM Section
Cutting the Part

Select NG CAM froen the MAIN MENL, then select NEW FILE. Give the fils & nams, such as
LATHE1. Pick CAM-1.CFG and nollce the first few lines put in during configuration will appear
along the baticm of the screan.

Select PICK TOOL from the CAM MENU. Pick the same tool used for mughing.
Nota the ool's change in color whan [t ts chosen.
Be aure #8 in the CAM MENL) i= in RAPID MODE.

Selact POINT MOVE and pick the point in the upper right of the roughing pass. The tool will
make a rapld move to the new jocation (Indicated by the dashed line).

Toggle #5 in tha CAM MENL ta FEED MODE

Salect AUTO and pick the vartical line beneath tha paint. Move the mouss sc that the smow
poinits down In the direction of the rough pass and press the left bution on e mouse. Hit the
1 key. The inol should meve through the antire roughing pass. Mote the cads for each move ks
shown at tha botiom of the screen.

Salect EDIT, TOOL CHANGE
Add a tool change block for the naxt teal.

Prass M for the MAIN MENU, Chooae LAYER, BSLANK, LAYER
Typo In 3 to blank the nough pass, then chooze UNBLANK and type 1 for the finish pess.

Go back ta the NC...CAM, you will continue right whars you left off,

Maka sure #5 in the CAM MENU is set to RAPID MODE.

Select POINT MOVE and pick the far righ! hand pointon the finish pass.

Toggle #8 In the CAM MENU %o FEED MODE.

Select SINGLE and pick the line abave the point. Move the mousa so-that the smow paints in
the direction of the uncut part and press the Isft button on the mouse, ‘The too! should move
up the Bre. Note the code for this move s shown at the bottom of the sereen.

Comtinue using SINGLE to mave along the par,

Whan the tool gets {o the end of the [ast line, change FEED MODE to RAPID MODE. Go to
POINT MOVE and select ary paint off the shepe o get the tool away from the part.

Pross 3 tv save the drawing,



Cyeating Your Own Tool
If the user choosas not to use the tooling library, any tool shape can be drawn In the
CAD saction of BOBCAD, An exampls is ahcwn in the following stepa,

Salect POINT from the MAIN MENU, then sslect COORDINATE. Enter X=1.5,Z2=1.

Using WINDOW in the ZOOM MENU, put @ one inch window arcund the polnt, with the poird
lccated in the lower Gt comer of the window.

Lising the LINE function, draw a line fom X w 1.5, Z=1to X =2.6,Z =1

Using PARALLEL in the LINE MENU, maks a paralle{ [lne .082 inches to the right of the lina
just draewn.  Stay in the LINE MENU anid uss JOIN to conneet the {op and bottom of these

linas.
You now have a basic gxample of a tool that can be used in tha CAM section.



FreeDOS Spec

Appendix, Commands Behavior

DOS commands may be internal or external. Any DOS command may be implemented internally by the
shell, or provided externally as in a program. If external, the program may be either a COM or EXE, with
the exception of COMMAND.COM.

In each of the following, d: represents a drive letter, path represents a full pathname, and file represents a
full filename, or a file mask including * and ?.

For all commands, internal and external, the command line option /? should generate a help screen, and
the program should immediately exit. The exit code is not defined, but we strongly suggest an exit code of
Zero.

A few traditional MS-DOS commands have been dropped from the Spec. Dropping from the Spec does
not mean that such a program will be ignored if one ever comes along, but this does mean that we will not
actively seek out to develop a new version. This is because they were considered as part of a legacy
migration thing for MS-DOS, which the FreeDOS Project is not interested in carrying forward. Where a
program has been dropped from the Spec, an annotation has been made to explain why.

append

Allows programs to open data files in the specified directories as though they were local to the working
directory.

[Dropped, because the program was considered to be a “crutch” for legacy DOS-based applications as
DOS moved to support directories. Append was used primarily to support programs that did not know
about directories on a DOS system.]

append d:]path[;..? [options]

Options:
7
When used by itself, the semicolon cancels the previously specified

appended directories.

/x[:on]|:0ff]

Allows the shell (if supported) to search these directories as though



they were in the PATH. Default is /x:0ff. /x is the same as /x:on.

/path:on
Specifies if DOS is to search appended directories for a program’s
data file, even if the program specifies a full path. Default is

/path:on.

/e
Add the list of appended directories to the PATH.

If no paths are named, display the current appended directories.
assign

Reassigns disk operations from one drive to another. For example, to reassign disk operations for drive
A: to drive B..
assign [d:=d:] [..]

assign /status
Options:
/status

Displays the current assignments.

If no drives are named, display the current assignments.

attrib

Change a file’s attributes.
attrib [options] [[d:][path]file]

Options:
+r | -r
Sets the read-only attribute. -r will clear it.
+a | —-a
Sets the archive attribute. -a will clear it.
+s | -s

Sets the system attribute. -s will clear it.



+h | -h
Sets the hidden attribute. -h will clear it.

/s

Act on subdirectories, too.

If no file is named, display the attributes for all files in the

current directory.
break

Sets or clears the Break or Ctl-C check.
break [on]|off]

Options:
on | off

Turn on (or off) the Break check.

If no arguments are named, display the current Break check status.
cd, chdir

Displays the name of the current directory, or changes to another one.
cd [d:] [path]
chdir [d:] [path]

chep

Change the DOS code page.

chcp [nnn]

Options:
nnn
The code page that is to be loaded. Use 437=US, 850=Multi (Latin
I), 852=Slavic (Latin II), 860=Portuguese, 863=Canadian-French,
865=Nordic.

If no code page is named, display the current code page.



chkdsk

Check the disk for errors.
chkdsk [d:] [options]

Options:
/£

Fix errors on the disk when found.

/v

Display the name of every file as the disk is checked.
If no drive is specified, check the current disk for errors.
cls

Clear the screen.

cls
choice

Suspend processing, and wait for the user to press a valid key.

choice [options] [text]
Options:
/C[:]choices

Specifies allowable keys. Default is YN

/N

Do not display choices and ? at end of prompt.

/S

Treat choices as case sensitive.

/T[:]1c,nn

Specify the default choice "¢’ after "nn’ seconds of no response.

text
Prompt string to display (Default=none.)



command

Start a new command shell.

command [[d:]path] [device] [options]

Options:
d:path
The drive and path where the shell is to look for the transient part

of the program. This is usually only needed to set the COMSPEC.

device

An alternate device for all i/o.

/e:nnnnn
The environment size, in bytes, in the range 160-32768. This number

will be rounded up the nearest 16 bytes. The default is 256.

/p
Make the shell permanent, so the EXIT command does not exit the

shell.

/c {string}

Execute the command in {string}, then exit.

/msg

Load any error messages that might be stored on disk into memory.
comp

Compare two files.
comp [d:][path]file [d:][path]lfile [options]

Options:
/d

Display differences in decimal format. Default is hex.

/a

Display differences using characters.



/L

Display the line number on which the difference occurred.

/n=nnn
Compares the first nnn lines of both files, even if the files are of

difference size.

/c

Ignore case.

copy

Copy one or more files.
copy [/al/b]l [d:][pathlfile [[/al/b] +[d:][path]lfile] [..] [dest] [/v]

Options:
d:path\file

The name of a file to copy. This is the source.

dest
The name of the files to copy to. This is the destination. If the
dest filename contains a *, then replace this part of

the filename with the same part as the source.

/a
Copy an ASCII file. If this precedes a filename in a list of files,
then from this file on, copy as ASCII files.

/b
Copy a binary file. This is the default. If this precedes a
filename in a list of files, then from this file on, copy as binary

files.

/v

Verify that the files are written correctly.
ctty

Change the terminal device for your DOS session.



ctty device

Options:
device
The device to use. Valid devices are prn, lptl, lpt2, lpt3, con,

aux, coml, com2, com3, comi.
date

Display or change the date.
date [date]

Options:
date
The new date for your system. Values for the day, month, and year
must be specified, and values may be specified by periods, hyphens,
or slashes. Either a 4-digit or 2-digit year may be used. If a
2-digit year is specified, the year must be in the range 00-99. If

the year is xx:00-79, assume 20xx. If xx:80-99, assume 19xx.

If no date is given, display the current date and prompt for a new

date.
del, erase

Delete files.
del [d:][path]lfile [options]
erase [d:][path]lfile [options]

Options:
d:path\file
A file to delete. A period may be used to specify all files in the

current directory, and is the same as *.*.

/p
Prompt before deleting the file.

deltree



Delete an entire directory tree, including subdirectories.
deltree [options] [d:]path

Options:
/Y

Yes, delete without asking.

d:\path

The directory to delete, including subdirectories.
dir

Displays the contents of a directory.
dir [d:][path][file] [options]

Options:
d:path\file
A specific file to display.

/p

Display one page of the listing at a time.

/W

Display the listing in wide format.

/al[:attribs]
Display only the files and directories with the specified
attributes. Default is /a:hsdar. You may use the following for
attribs:

h | -h

Hidden files. -h for files that are not hidden.

s | -s

System files. -s for files that are not system files.

da | -d

Directories. -d for files.



a | -a

Files with the archive bit. -a for files without the archive bit.
r | -r
Read-only files. -r for files that are not read-only.

/o[ :order]
Display the listing in the specified order. You may use the

following to specify the sort order:

a | -a

Sort alphabetically A-Z. -a to sort Z-A.

e | -e

Sort by extension A-Z. -a to sort by extension Z-A.

d | -d

Sort by date and time. -d to sort in reverse order.

s | -s

Sort by size, smallest-biggest. -s to sort biggest-smallest.

gl -9

Group directories first. —-g to group directories last.
/s

List every occurrence in all subdirectories.

/b

Bare format. List one name per line.

/L

Display names in lowercase.
diskcomp

Compares the contents of two floppy disks, track by track
diskcomp [d: [d:]] [options]



Options:
d:
The drive letter for a floppy disk. If only one drive letter is
given, assume the working drive (if a floppy drive.) If no drive
letters are given, assume both are the working drive (if a floppy) .
If both drives are the same, diskcomp will read one floppy at a

time, and you may need to swap floppies.

/1
Compare only the first sides of the disks, even if double-sided

disks.

/8

Compare only the first 8 sectors per track.

diskcopy

Copy the contents of a floppy disk to a second floppy.
diskcopy [d: [d:]] [options]

Options:
d:
The drive letter for a floppy disk. If only one drive letter is
given, assume the working drive (if a floppy drive.) If no drive
letters are given, assume both are the working drive (if a floppy) .
If both drives are the same, diskcopy will read one floppy at a

time, and you may need to swap floppies.

/1
Copy the first side only, even if double-side.

/v

Verify that the data is copied correctly.

echo

Displays a message.

echo [message]



edit

Starts the DOS editor.
edit [[d:][path]file] [options]

Options:
/B

Use a black-and-white (mono) display.

/G

Use faster update for a CGA screen.

/H

Display using the highest video/text resolution available.

/NOHI

Do not use high-brightness colors.
emm386

The expanded memory manager (EMM) for ‘386 systems (or better)

emm386 [on|off|auto] [w=on|w=0ff]

Options:
on | off

Turn expanded memory support on or off. Default=on.

auto

Only support expanded memory when a program asks for it.

w=on | w=off
Enables or disables support for the Wietek coprocessor.

Default=off.
exe2bin

Converts EXE programs to binary format. This is a software developer’s tool.
exe2bin [d:] [path]file.exe [d:][path]lfile.bin



fastopen
Decreases the amount of time needed to load files and programs.

[Dropped, because disk cache should be (eventually) implemented in the kernel, not by an external

program. Also, Fastopen was originally created to increase DOS application performance on systems with

slow drives, where today disk drives are much faster.]
fastopen d:[]nn] [d:[[nn]] ... [options]

Options:
d:

The drive on which to use fast-open.

nn
The number of files that can be tracked, in the range 10-999.
Default=48.

/X

Create the cache in expanded memory instead of conventional memory.
fc

Compare two files.
fc [options] [d:][path]filel [d:][path]file?

Options:
/A
Abbreviate the ASCII output. Instead of displaying all lines, fc
will display the first and last lines that are different.

/C

Ignore the case of letters.

/L
Compare in ASCII mode. Displays all lines that differ. This is the
default mode for files that are not EXE, COM, SYS, ORBRJ, LIB, or BIN.

/LBn
Sets the number of lines for the internal buffer. Default=100. If



the files have more than this many differences, fc will quit.

/N

Display line numbers.

/T
Do not expand tabs to spaces. Default is to expand tabs to 8-space

stops during comparison.

/W

Compress white space during comparison.

/nnn
Specifies the number of lines that must match after a miscompare for

the files to be resynchronized. Default=2.

/B
Compare in binary mode. Does not attempt to resynchronize after a

miscompare.
fdisk

Configures a hard disk.
fdisk

find

Displays lines in a text file that contain a string.
find [options] string [d:] [path]file

Options:
/v
Invert the search. Display lines that do NOT contain the string.

/C
Only display a count of the matching lines.

/N

Display line numbers.



/I

Ignore case during the comparison.
format

Format a hard drive or floppy disk.

format d: [options]

Options:
d:
The hard drive or floppy disk to format.

/V:label
Assign this label to the formatted disk.

/0

Do a quick format. This clears the FAT and root directory, but does

not erase the disk.

/U

Do an unconditional format.

/F:size

Format the disk to a specific size. Valid wvalues are:
160 | 160k | 160kb
Format to 160kb.

180 | 180k | 180kb
Format to 180kb.

320 | 320k | 320kb
Format to 320kb.

360 | 360k | 360kb
Format to 360kb.

720 | 720k | 720kb



Format to 720kb.

1200 | 1200k | 1200kb | 1.2 | 1.2m | 1.2mb
Format to 1.2MB.

1440 | 1440k | 1440kb | 1.44 | 1.44m | 1.44mb
Format to 1.44MB.

2880 | 2880k | 2880kb | 2.88 | 2.88m | 2.88mb
Format to 2.88MB.

/B

Reserve space to make a bootable disk.

/S
Make a system disk (copy files to make it bootable.)

/T:tracks

Specify the number of tracks on the disk.

/N:sectors

Specify the number of sectors.

/1

Format a single-sided disk.

/4
Format a 5-1/4 inch 360KB DSDD disk on a 1.2MB drive.

/8
Format a 5-1/4 inch disk with 8 SPT.

graftabl
Load the graphics table for a specific code page.

[Dropped, because most monitors can display extended characters (128—255) without Graftabl. This
command was originally introduced by MS-DOS to support the extended character set on systems that



were not originally equipped to display them properly. While some users may miss this command, we feel
there are not enough systems that still need Graftabl to justify its inclusion in the Spec.]
graftabl [nnn] [options]

Options:
nnn

The code page you want to load.

/STATUS

Display the code page that was loaded, or is being loaded.
graphics

Allow Prtscr to print graphics screens.
graphics [[d:] [path]file] [type] [options]

Options:
d:path\file
The full pathname of the printer profile.

type
The printer type. Currently defined printer types are:
[this 1list has been amended to support only the printer types that

are in current use today]

epson

Any Epson-compatible dot-matrix printer (default).

hpdefault
Any HP-compatible PCL printer.

postscript

Any Postscript-compatible printer.

[this printer was not originally defined by the MS-DOS Graphics
command, but we are adding it because many users have Postscript

printers.]

/R



Print the image reversed (white on black). Default is black on

white.

/B

Print the background in color, if possible.

/PRINTBOX:STD | /PRINTBOX:LCD
Print using the standard aspect ratio, or using an LCD aspect ratio

(1:1).

/LCD
Same as /PRINTBOX:LCD

help

Provides on-line help.
help [topic]

join

Join a drive to a directory.
join d: d:path
join d: /D

Options:
d:

The drive letter you want to set up.

d:path
The full path which will be assigned to the drive.

/D

Delete this join definition.
keyb

Configure the keyboard for a specific language.
keyb [xx[,nnn[, [d:][path]file]]] [options]



Options:
XX

The keyboard code.

nnn

The code page.

d:path\file
The full path to a keyboard definition file. Default=KEYBOARD.SYS

/E

Use an enhanced keyboard.

/ID:nnn
Specify the keyboard for countries that have more than one keyboard

layout for the same language.
label

Assign a disk label to a drive.

label [d:] [label]
Options:
d:
The drive to assign a label. If missing, use the current drive.
label
The label to assign to the drive. If missing, prompt for it.
loadhigh, |h

Load a program into high memory.
loadhigh [d:] [path]lfile [options]
1h [d:][path]file [options]

Options:
d:path\file

The program to load into high memory.



options

These are the options to the program that you are loading.

mem

Display the amount of memory installed, and the amount available.

mem [options]

Options:
/PROGRAM | /P

Display the programs that are loaded in memory.

/DEBUG | /D

Prints lots of debugging information.

/CLASSIFY | /C
Display the programs that are loaded in memory, and how much

conventional, expanded, and extended memory each is using.

mirror

Mirror information about the disk in a way that unformat and undelete can use to recover the disk.
mirror d: [/L] [/Td:entries] [/Td:entries] I[..]
mirror [/U]

mirror [/PARTN]

Options:
d:
The drive that you want to be able to recover later using undelete

or unformat.

/L

Retain only the latest information.
/Td: [entries]
Track information using a log file on the specified disk, and the

number of entries in the log file.

/U



Unload a previously loaded copy of the program.

/PARTN

Track information about the disk partitions.
mkdir, md

Creates a directory.
mkdir [d:]path
md [d:]path

mode
Set or display the operating mode of system devices.

Display the mode or status:
mode [device] [/STATUS]

If no devices are named, or if /'STATUS is the only argument, display the operating mode of all devices. If
a device is named with no settings, or with the /STATUS option, display the operating mode for this
device. Set the mode:

mode LPTn: [options]

mode COMn: [options]

mode device codepage [options]

mode adapter [options]

mode CON: [options]
more

Displays a text file one screen at a time.
more < [d:][path]file

command | more

Options:
d:path\file
A text file that you want to display.

command

A command whose output you will pipe to the more program.



nisfunc

Adds NLS (national language support) functionality.
nlsfunc [[d:] [path]file]

Options:
d:path\file
The full path to a file containing NLS information. If no file is

given, nlsfunc will select its own default.
pause

Suspend execution of whatever you are doing, and wait for a keystroke.

pause

print

Print a file in the background, while you run other DOS commands.
print [options] [[d:][path]file] [[d:][path]file] [..]

Options:

d:path\file
The file that you want to print.

/D:device
Specify the name of the device to print to. If not given, Print

will use the default LPT: device.

/B:size
Set the size of the buffer, in bytes, in the range 512-16384. The
default is 512.

/U:ticks
The number of clock ticks, in the range 1-255, that Print is to wait

for the printer to become available before printing the job.

/M:ticks
The maximum number of ticks for sending a single character to the

printer. In the range 1-255.



/S:ticks
The number of clock ticks, in the range 1-255, for the background
spooler process. Default=8. Larger numbers will speed up

printing but slow down other DOS programs.

/Q:nn
The number of files that will be allowed in the print queue, in the

range 1-32. Default=10.

/T
Remove all files in the print queue. Terminate the job that is

currently being printed.

/C
Cancel jobs in the print queue. If this is used with a list of file
names, remove only those files from the queue. TIf this is used

alone, cancel all jobs but do not terminate the current job.

/P
Add a file to the print queue. If this precedes a list of files,
print only those files. You may use /P and /C together on the same

command line.

If no options are given to Print, only files, assume /P. If no
options and no files are provided, display the contents of the print

queue.

recover

Recover data from a bad diskette or hard disk.

[Dropped, because there are a variety of shareware and freeware disk recovery programs already
avaialble, and it would be silly of us to write another one just because MS-DOS included a Recover
command. If you need a disk recovery program, go download one, or purchase a third-party recovery
program such as Norton’s Utilities.]

recover [d:][path]file

recover d:



Options:
d:path\file
The exact file that you want to recover, using file recovery. Use
this when you know exactly the name of the file that needs to be

recovered.

d:
The drive letter of a diskette or hard disk to recover. This

attempts recovery on all files.
rename, ren

Re-name a file or set of files.
rename [d:][path]filel file2
ren [d:][path]filel file2

Options:
d:path\filel

The source file, the original file that needs to be renamed.

file2
The new name for filel. You may not include a path.
You can use wildcards (* and ?) to specify a set of files. If you

use wildcards in filel, you must use wildcards in the same position

in file2.
rmdir, rd

Remove a directory.
rmdir [d:]path
rd [d:]path

scandisk
Scan a drive for errors, and report/repair any that were found.

setver



Set the DOS version that is reported to programs.

[Dropped, because this was a legacy migration thing, to allow programs that needed to run on a particular
DOS version to be carried forward. Since later versions of DOS are (always?) compatible with earlier
versions, a Setver command is not really needed.]

setver [d:][path] [file nn.xx]

setver [d:][path] [file [options]]

Options:
d:path
The path to the SETVER program data.

file

The name of a program that you want to add to the version table.

nn.xx

The DOS version number that will be reported to the program.

/DELETE

Remove this program from the version table.

/QUIET

Do not display any text while adding/deleting table entries.

If no options are given to SETVER, print the current version table.
If only “‘file’ is given, with no options, then print the DOS version

that will be reported to that program.
share

Share large files with other programs.

share [options]

Options:
/F:size

Set the size, in bytes, for file sharing information. Default=2048.

/L:nn

Set the number of files that can be locked at once. Default=20.



sort

Sort a file, or sort its input.
sort [options] [d:][path]file
command | sort [options] [d:][path]file

Options:
/R

Sort in reverse order.

/+n

Begin sorting at column n in each line of text. Default=l.
Subst

Substitute a path with a drive letter.
subst [d: [d:]path]
subst d: /D

Options:
/D
Delete this substituted drive.

Sys

Make a floppy disk or hard disk bootable.
sys [[d:]path] d:

Options:
d:path

The (optional) location of the system files.

d:

The drive to make bootable.
time

Set or display the system’s idea of the time.

time



time [hh:mm[:ss[.ss]]A]

Options:
hh:mm:ss.ss
The exact time to set for your system. ‘hh’ is the hour on a 12 or
24 hour clock. ‘mm’ is the minutes. “‘ss.ss’ is the seconds and

decimal seconds.

A | P

Set the time to AM or PM if using a 12 hour clock.

If no time is given, display the current time, and prompt for a new

time.
tree

Display the structure of a directory tree.
tree [d:] [path] [options]

Options:
d:path
The drive and path to start from. If no path is given, start from

the current directory.

/F

Display the names of files in each directory.

/A

Use ASCII characters to visually represent the directory structure.

type Display the contents of a text file.
type [d:][path]file

undelete

Recover a deleted file. Information from MIRROR may be useful.
undelete [[d:][path]file] [options]

Options:



d:path\file
The name of the file to recover. If not specified, try to recover

all files in the working directory.

/LIST

List all the files that might be recoverable but do not recover

them.

/ALL

Recover all deleted files in the working directory.

/DOS

Recover only those files listed as deleted from DOS.

/DT
Recover only those files that are delete-tracked from the DOS
MIRROR mirror program.

unformat

Attempt to unformat a disk. Information from MIRROR may be useful.

unformat [d:] [options]

Options:
d:

The drive to attempt recovery.

/J
Checks that data from MIRROR is present and matches the

disk information.

/U
Attempts to unformat a disk without a MIRROR file.

/L

List every file and directory that might be recovered.

/TEST



Simulate a recovery, but do not attempt to recover the disk.

/P
Print the output on LPT1:

/PARTN

Attempt to recover the partition table.
ver

Display the version of the DOS kernel that you are using.

ver
verify

Turn file verification on or off. This tells DOS to check that files are correctly written to disk.
verify [ON | OFF]

Options:
ON | OFF

Turn file verification on or off.

If no options are given, display the status of file verification.
vol

Display the volume label of a disk.
vol [d:]

Options:

d:
The drive to display the volume label.

Xcopy

Copies files and directories, including subdirectories.
copy d: [d:] [path] [options]

Options:



d:
The source to copy from. This must be either a drive or a full

path.

d:path
The destination to copy to. If not present, assumes the working

directory.

/A

Only copy files with the Archive bit set.

/M
Only copy files with the Archive bit set, and turn off the A bit.

/D:date

Only copy files modified after ‘date’.

/P

Prompt before copying a file.

/S

Copy subdirectories, except empty ones.

/E

Copy subdirectories, even if empty.

/v

Verify each file as it is written to disk.

/W
Wait before copying any files. Presents a prompt, which the user

must first acknowledge.

The following commands are considered replacements for proprietary-named commands. These
commands do not have the same name as their MS-DOS counterpart due to possible legal conflicts.



These may be implemented either internally or externally to the shell, and need not necessarily be
identical to their MS-DOS counterpart. The following should be taken as guidelines and not a thorough
design specification:

Alias

Create an alias for a command.

alias [aliascommand [realcommand] ]

Options:
aliascommand
The new name for a command. For example, ‘ls’ might be an alias for

the DIR command.

realcommand
The real command that is executed in place of realcommand, including

options.

If no options are given, display the list of currently defined

aliases. If only the aliascommand is given, display its definition.
Backup And Restore

Commands to backup and restore a filesystem.
backup d:[path[files]] d:[path]
restore d: [path] d:[path[files]]

Options:
d:path\files
A list of files that need to be backed up.

d:path
The destination for the backup. This may be a path or a drive

letter.
BASIC Language

Starts the BASIC language environment.
basic [[[d:]path]lfile]



Options:
d:path\file
The name of the BASIC program to load. If no file is specified,

just open the BASIC environment.
Debugger

Perform debugging on a file, and perhaps some assembly.
debug [[[d:]path]lfile]

Options:
d:path\file
The name of a debugger script file. The debugger should allow

the user to specify a file name to load by the script file.
Disk Defragmenter

Optimizes the hard disk space.
defrag [d:]

Options:
d:
The letter of the drive you want to optimize. If you do not specify

a drive, it uses the working drive.

Line Editor

Allows a user to perform Stream Editing, either at the console or via a shell script.
edline [[[d:]path]lfile]

Options:

d:path\file

The name of a line editor script file. The line editor should allow
the user to specify a file name to load by the script file. Or, if
the script file does not specify a file name, use stdin and write to
stdout. If no script file is specified, take input from the

console.




The following are exceptions, and must be provided for as internal commands in the shell:

call

Calls a batch file from within a batch file.
call [d:][path]file [options]

Options:
d:path\file
The name of the batch file to call.

options

The options that are passed to the batch file being loaded.
exit

Exits the shell.

exit
for

Runs a command for a each in a list of files.

for $var IN (list) DO command [options]

Options:
var
The name of an environment variable. You will use this variable in

the ‘options portion.

list
A list of files that will be acted upon.

command

A command to run against the list.

options

The options passed to the ‘command’. In the ‘options’, you may

/%/

reference the ‘var’ from above, preceding it with



goto

Branch to a label in a batch file.
goto label

Options:
label
The name of a label in a batch file. The label must exist. All
labels are defined by placing the label on a line by itself,

preceding it with “:’. Spaces are not allowed in a label.
if

Perform a test in a batch file.

if [NOT] expr command [options]

Options:
NOT

Negates the expression. If the ‘expr’ is true, NOT makes it false.

expr
A test expression, which evaluates to a true or false value. Valid
expressions must include:

ERRORLEVEL nnn

Returns true if the error level is set to nnn.

sl==s2

Returns true if string “sl' equals string ‘s2'.

EXIST [d:][path]file

Returns true if d:path\file is a file.

command

The DOS command to execute if the test is true.
path

Set the search path for programs.
path d:]Jpath[; [d:]path] [..?




SET PATH=[d:]path[; [d:]path][..]

Options:
d:path
A directory that contains programs, to add to the PATH setting.

If no options are given to the PATH command, then display the
current value of the PATH setting.

prompt

Sets the prompt for the command shell.
prompt [text]
SET PROMPT=text

Options:
text
The text to use for the command shell prompt. The ‘$’ is a special

character, and can be used to insert special text in the prompt:

$0

an equal sign

$S

a dollar sign

ST

the current time

$D

the current date

$p

the working path (drive and directory)

sV

the version of DOS (or the shell, either is acceptable)

SN



the working drive letter

$G

a greater-than sign

SL

a less-than sign

$B

the pipe symbol

S_

a literal newline

SE

an escape character (can be used

SH

a literal backspace character

If no options are given to PROMPT,
PROMPT setting.

rem
Ignores the current line. This is a comment.

set

Assign a value to an environment variable.

set var=value

Options:

var

to start ANSI commands)

display the current value of the

The name of an environment variable.

value

The value to assign to the variable.



shift

Shift the position of all command line arguments downward by one.
shift [n]

Options:
n
The number of positions to shift the command line arguments.

Default=1.



