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— WARNING

The operation of rotating machinery
should only be attempted by
experienced, knowledgeable individuals!

Read the entire contents of this guide
before running NC programs on the
proLIGHT Machining Center.

To avoid possible injury always observe
the safety precautions described in this
User's Guide.
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What is the proLIGHT Machining Center?

The proLIGHT Machining Centeris a three-axis tabletop milling

machine you can run directly from your personal computer.

The Machining Centeruses your MS-DOS-compatible computer
asits controller. The proLIGHT Control Program, which youload
onto your computer,accepts standard EIARS-274D,1SO, and
Fanuc G&M code CNC programs.

The Machining Center can machine alarge variety of partsin plastics,
aluminum and steel. If usedin concert with Light Machines’ spectra-
CAMsoftware,it’s easy to machine parts directly from drawings
produced with CAD programs, suchas AutoCAD, that generate
DXF files. Linear, circular and helical interpolation are available

onall three axes.

The proLIGHT Machining Centeris shipped fullyassembled, and s easy
toinstall. Complete instructions forinstallation of the Machining
Center,as well as software installation instructions, are included in

Section 2.

Features

Some of the proLIGHT Machining Center’s mostnotable features

include:
(d Aone-horsepowerbrushless DCspindle motor

1 AnR8industry-standard spindle taper for the proLIGHT 2000
and an EX16 spindle taper for the proLIGHT 2500.

1 Spindle speeds from 200 to 5,000 RPM (500 to 10,000 RPM
optional) for the proLIGHT 2000, and from 200 to 42,000
RPM for the proLIGHT 2500.

(d Rapid traverse ratesup to 150 ipm

J EIARS-274D standard G&M code programming
(d Multiple tool programming

(d Feedrateand spindle speed override functions

( A built-in full-screen NC program editor

d Anon-line help utility
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The proLIGHT Machining Center Components

Thereare, of course, more components on the Machining Center
than those shownhere, buttobegin, youneed onlybe concerned

with the depicted major components.

The Safety Shield encloses the milling area to help protect the opera-
torfrom flying chips. A Shield Interlock Switch prevents the ma-

chine from operating with the shield open.

The X, Y and Z motion of the machineis performed by closed-loop
DCServo Drive Motors on each axis. There are also LimitSwitches
(beneath the way covers, next to the drive motor on each axis) to

preventthe machine from traveling beyond its limits on each axis.

The Spindle Head supportsa 1hp Spindle Motor.

Z Axis Drive Motor

Spindle Motor

Rear Panel

Spindle Head | N &

Safety Shield

Shield Interlock

Cross Slide Switch

Front Panel
X Axis Drive
Motor
Y Axis Drive
Motor £
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The Front Panel

The Front Panel provides the operating controls shown here.

EMERGENCY STOP

0% i 100% 0% i 200%.

Spindle Speed Feed Override

o @

Manual CNC Cycle Start Cycle Stop

Youcan’t miss the mostimportant control on the machine; the
Emergency Stop button. When pressed, this brightred palm button
halts machine operationimmediately. To resume operation, twist
the buttonand pullitback out. It’simportant that this button be
pressed before performing any manual operations, like changing

thestock or the tooling.

The Spindle Speed knobisused to establish the spindle speedwhen
the system is in Manual mode. Onthe proLIGHT 2000, the minimum
and maximum positions on the knob are equivalent to 0 RPM (min)
to approximately 5,000 (max) RPM (or 10,000 RPM, depending
on the option). OntheproLIGHT 2500, the minimum and maximum
positions on the knob are equivalent to 0 RPM (min) to approximately
42,000 RPM (max).

Select Spindle Speed mode with the Manual/CNCmode switch. The
CNC setting on this switch gives spindle control to the computer.
There mustbean S code, or codes, inthe NC program to regulate

the spindle speed whenusingthe CNCsetting.

UsetheFeed Override knob to override the feed rate valuesin the
NC program.

The Cycle Startbutton makesaninputontheI/O connectoron
the rear panel go fromanormallylow state to ahighstate. With the
appropriate codein the NC program, you can use Cycle Start to

perform repetitive machining tasks.

Also,wheneveryouare running an NC program, any time youare
required to press the Enterkey on the computerkeyboard, you may
press the Cycle Start buttoninstead. The Cycle Start button works
like the Enter keyunlessitis expectinganI/O signal, forinstance
when you use G26H8 (in) or G25H8 (out) in your NC program.

The Cycle Stop button workslike the Emergency Stop button.

Section 1



Note: The ACC1 and ACC2
receptacles on the rear panel of
the proLIGHT 2500 are 230 VAC.

Note: If circuit breakers trip
before running the machine,
check that the machine is wired
for the correct voltage.

Introduction

The Rear Panel

The Rear Panelhouses the powerandinterface related controls for

the machine.

ACC1 (1 AMP MAX)
AUX 1 SERVO 1 SPINDLE 1 MAIN 1 vo

o O O o O

@
O o' Acct @ AP MAX) AUX2 SERVO2  SPINDLE2 MAIN 2 RS-232

O o0 o0 O TJ

The ACC1and ACC2receptaclesallow you to connectoptionsand
accessories to your machine,suchas the optional Air Vise Robotic
Interface. Use theaccessory portadapter cables (included) to connect

these optionsandaccessories.

The Key Lock switch keeps unauthorized persons from turning on

the machine.

When the Key Lockisin the unlocked position, the Power switch can

be turned on. The Power switch lights up when poweris turned on.

The machine has eight resettable circuit breakers. Ifa circuit
breaker trips, attempt to determine the faultand correctit. After
the faulthas be found and corrected, wait five minutes for the ma-

chine to cool before resetting. Press to reset. Some possible causes:

IfabreakertripsatPower On, verify that the machineis con-

nected to the correctvoltage.

If the Spindle breaker trips, check that the machineis not

working too hard.

If the ACC trips, thereisanaccessory thatis drawing too

much power.

Forongoing problems with circuit breakers tripping, contact

Customer Support.
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Thel/O connector provides theinputs and outputs required for
interfacingwith externaldevices suchas robots. See Appendix F for

information on roboticinterfacing.

The RS-232 receptacleisused tointerface the machine controller
electronics with your computer. A cableis providedin the Accessory
Kit for thisinterface. Connect the cable to the RS-232 receptacle
and the mating serial port connector on the computer only! Refer

to Section 2 for correctinstallation procedures.

The Control Program Software

Theheartofthe proLIGHT Machining Centeristhe Control
Programsoftware thatis run by the computer. Usingindustry
standard ELARS-274DNC codes, the Control Program provides

for three-axis CNC programming and milling.

The menu-driven Control Program prompts you for the data required
to runa part program. The Control Program offers features such

as a Help utility, program editing, and manual machine control.

Section 3 of this guide providesinstructionson how to select
commands from the Control Program menus. Some menus display
otheroptions (dialogboxes or other menus) from which you can
initiate operations or enter data. Messages aredisplayed as necessary

to promptyouonhow to proceed or toinformyou of errors.

The Accessory Kit

The Accessory Kit that comes with the Machining Center contains
all the tools and hardware necessary forinstallingand maintaining
the mill. Italso contains a colletand tools to get you started; other

toolholding devices and tools are available as options.

Section 1



Introduction

System Requirements

The proLIGHT Control Program runs on MS-DOS-compatible

computers. The computer musthave:

4
4
a
4
a

a

MS-DOS version 3.1 or higher.

Atleast 640KB RAM.

A floppydrive.

Aharddrive. There mustbeatleast 600KB ofavailable spaceon

the hard drive toinstall the Control Program software.

ACGA,EGA, ot VGA color monitoris recommended, but

you canalsouse a Hercules-compatible monitor.

A Microsoft-compatible mouse.

Youmay wish to consider the following optional components for

your computetr.

a

a

A math coprocessoris highly recommended to maximize the

Control Program’s computation speed.

Aprinterisuseful for producinghard copyrecords of partprograms.

1-7



Note: The following options are
not available for the proLIGHT
2500:

e Machining Center Machinist
Kit (ACC-5110)

® Quick-Change Tooling
(ACC-5141)

e Digitizing Package (ACC-5261)
* Vacuum System (ACC-5730)

1-8

Machining Center Options

The following options are available for the proLIGHT Machining

Center from Light Machines Corporation.

a

Machining Center Machinist Kit (ACC-5110) The Machinist
Kitincludesa 3" milling vise with hold-down clamps, a 4-piece
R8 colletset,a9-piece high-speed end mill set (including 2 ball
end mills), a 52-piece hold-down set,a Jacob’s chuck,an R8 to
2]Tarbor,anda3/8" x 12" cushion-grip T-handle hex key.
Not available for the prol IGHT 2500.

End Mill Package (ACC-5120) The ACC-5120 End Mill
Package consists of the following end mills, all with 3 /8" shanks:
two 1/8" HSS center cutting 4 flute end mills, two 3/16" HSS
center cutting 4 flute end mills, two 1/4" HSS center cutting 4
flute end mills, two 5/16" HSS center cutting 4 flute end mills,
two 3/8" HSS center cutting 4 flute end mills, two 1/8" HSS
ball 2 flute end mills, and two1/4" HSS ball 2 flute end mills

Quick-Change Tooling (ACC-5141) Quick-Change Tooling
provides an easy way of integrating multiple tools within one
NC program. It comes with the tool body, five tool holders, a
toolholder stand, three allen keys and an electronic tool height
offsetsensor. The Quick-Change Tooling Kitalso has optional
positivedrive toolholders. Noz available for the prol IGHT 2500.

Low Profile Clamping Kit (ACC-5180) This kitincludesa

custom rail and stop with four clamps for work holding.

4th Axis 5C Rotary Positioner (ACC-5222) The ACC-5222
4th Axis 5C Rotary Positioneris a complete rotary positioning
device thatis mounted vertically on the proLIGHT 2000 Machin-
ing Centerand provides simultaneous 4-axis machining capability.
The rotary positionerincorporates a 5C collet system with manual

collet closer. When installed: Available X axis travelis 7", Z axis
travelis 5-3/4".
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d Digitizing Package (ACC-5261) The ACC-5261 Digitizing
Packageincludes a digitizing probe and software thatlets you
digitize existing parts and models to capture 3-D surface data.
The easy-to-use PC-driven package provides reverseengineering
capabilities with your proLIGHT series machining center. It can

generate filesin three different formats;an NC part program, an
ASCIItext file with XYZ data points,and a DXF 3-D mesh file.

The Digitizing Package includes a touch signal probe, a probe
interface cable with 15 pinand 9 pinadapters,a20 mmlong
stylus with 3 mm diameter head, a 20 mm stylus extension, the
Digitizing Package User’s Guide, the Digitizing Package soft-
wareon3-1/2"and 5-1/4" diskettes, and an 8 mm R8 Collet.
Not available for the prol IGHT 2500.

d Vacuum System (ACC-5730) The ACC-5730 Vacuum System
is designed foruse with the proLIGHT Series Machining Centers.
Itincludes avacuum with noise reduction features,a GFT hose,

al1l-1/2"diameter nozzle mountingassembly, and an electrical
relay. Not available for the prol IGHT 2500.

d spectraCAM (CAM-6601) spectraCAM is Light Machines’
CAD/CAM package. The spectraCAM Milling software generates
G&M code NC programs that can be used on the proLIGHT
Machining Center. spectraCAM Milling canimport partgeometries
from CAD programs, such as AutoSketch, thatexport DXF files.

(d CAD Engraver Program (DOC-7671) The CAD Engraverisa
2-1/2-axis CNCmilling program for machining textand CAD

drawings.

d AirVise (PNU-4115) The Air Vise hasjaws thatopentoa
maximum of 3.0 inches. The vise comes with a solenoid valve
and all the tubing required to interface with 1/4" pipe fittings
from filtered and regulated shop air (50-125 psi).
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Using This Guide

In addition to this introductory section, this guide is divided into

sevensections plusappendices.

Section 2
Follow the proceduresin Section 2 to assemble and connect the
Machining Center, to install the Control Program on your com-

puter,and toinstall accessories.

Section 3
Section 3isanin-depth reference thatexplains Control Program

menus, commands, dialogboxesand other screens.

Section 4
Section 4is a tutorial that takes you step-by-step through a sample
NC program thatintroduces you to menu functions and Machining

Centeroperation.

Section 5
The proLIGHT Machining Center supports standard EIARS-274D
G&MNC programming codes, along with an array of other codes.

Allof the supported codesare reviewed in Section 5.

Section 6

Section 6 explains two of the proLIGHT Machining Center’s more
popularoptional machining capabilities: multiple toolprogramming
and machining with the 4th Axis Rotary Positioner. If you plan to

use either of these options you should read this section.

Section 7

Good maintenance practices assure alongerlife for the proLIGHT
Machining Center. Section 7 tells you how to care for the Machining
Centerand Controller Box,and provides some valuableinformation

onusingacomputerinashopenvironment.

Appendices
Theappendices provide background information on troubleshoot-
ing, machining practices, safe machining operation, Gand M

codes, working with DOS, and roboticintegration.
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Introduction

The Readme File

Thereisa README.NC file on the proLIGHT master disk. The
Readme file contains information that may notbe covered in this
guide. The Readme file has been created in NC file form so you
can read itbyloadingitinto the proLIGHT Control Program. You
canalsoreaditusingastandard texteditor, or by using the type

commandin DOS.

Toview the Readme file using the Control Program, run the Control
Program, then use the Open command toload the README.NCfile.
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Section 2: Installation

Getting Ready
Hardware Installation

Software Installation



Note: We recommend the
use of a voltage surge
protector and line filter for
your computer system.

2-2

Getting Ready

Check Your Shipment

The firstthingyoushould doafter receiving your proLIGHT Machining
Centerislocate the packingslipin the Accessory Kit. This slip lists
allof theitemsyoushould havereceived with your Machining Center.
Checkall of the items on the list.

Inspectthe Machining Center for signs of visible damage. If you
notice any damage, orif you find any discrepancies between the
packingslipsand the items you have received, call Light Machines’
Customer Service Department (800/221/2763) or 603-625-8600.

Register Your Machining Center

You’ll find aregistration card in the small box with the documen-
tation and software disks. It’simportant that you clearly printall
the requested information and return this card to Light Machines

as soonas possible.

Prepare Your Work Place

Finally, youhave to make sure you have all the items on hand that
you’llneed to perform the installation. To install the proLIGHT
Machining Center, you must have ready:

(d Asturdy table on which you’ll place the Machining Center and
your computer. Placing the table againsta wall provides more
stability. Forthe proLIGHT 2000,make sure the wallhas a
120VAC, 20-amp polarized outlet. International machines and
the proLIGHT 2500 requirea 230VAC, 10-amp polarized outlet.

d AnMS-DOS-compatible computerwith a minimum of: 640KB
of RAM;one 1.2MB, 5.25" floppy disk drive or one 720KB,
3.5" floppydiskdrive;a CGA,EGA, VGA or Hercules-com-
patible graphics card;a video monitor;and a keyboard.

d Yourcomputer ownetr’s manual or equivalentdocumentation.
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IMPORTANT: Be sure to keep
the pallet and all of the original
cartons in which the proLIGHT
Machining Center was shipped.
Should any components need to
be returned to the factory, re-pack
them exactly as they were
received.

Light Machines will not be
responsible for any damage
caused during shipping when
components are not returned in
their original cartons.

CAUTION:

The proLIGHT Machining
Center weighs approximately
355 pounds, so be very careful
when lifting it.

Installation

Unpack the Machining Center

1.

Position the palletnear the table on which you’ll set the Ma-
chining Center. The table should be located againstawall for

maximum support.

. Remove the staples thatattach the bottom of the cardboard

container to the pallet.

. Liftthe cardboard container off the pallet.

. Inspectthe Machining Center chassis for signs of visibledamage

suchasabrokenshield,adentin the chassis,ordamaged cables.

Ifanydamageis noted, orifyou find any discrepanciesbetween
the packingslip and theitems received, call Light Machines’
Customer Service Department (800/221/2763 or 603-625-8600).

. Remove the fourbolts holding the Machining Center base to

the pallet. Keep the bolts and other packaging materials.

Set Up the Machining Center

1.
2.

Liftthe Machining Center off of the palletand onto the table.

Once on the table, position the Machining Center correctly for

safe, convenient machining.

. Remove the protective paper from the safety shield.
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Hardware Installation

The following paragraphsreview the procedures forinterconnecting
your computer with the proLIGHT Machining Center. You should
havealready setup your personal computerinaccordance with the

directionsin the owner’s guide that came with your computer.

The diagram on the following page has been provided as a visual

aid for the recommended interconnection.

— WARNING

Do not connect power to the Machining Center
or the computer until instructed to do so in the
following procedures.

Positioning the Machining Center and

Computer

Theinterface cable and power cords arelongenough to allowthe
computerto belocated up to five feetaway from the Machining
Center. Make sure the Machining Centeris placed on astable, flat

surfaceandleveled properly.

Keepinmind thatwhen troubleshooting, youmayneed to checkthe
circuitbreakers thatare mounted on the rear panel of the Machin-
ing Center. Place the computerinanareawhereitwillnotbe ex-

posed to metal chips or cutting fluid.

— WARNING

Never connect or disconnect cables with power on!

This will cause damage to the internal controller
drive components. Always operate the Machining
Center with all cables firmly secured.

Section 2




pmdwo) MM UONIIUUO0DINU]

Pud)  Sumumpew  LHOIToxd

uod [eues

aoeaU|

MITA Ty

2-5

Installation



CAUTION:

Do not allow the AC power
cords to cross the interface
cable. The power cords can
create noise problems with
the signal lines in the
interface cable.

Note: You have to remove the
protective cap from the plug end
of the accessory port adapter
cable before inserting it into the
machine.

2-6

Connecting the Computer to the Machining Center

The computerinterfaceswith the Machining Center by wayofasingle
interface cable. The interface cableis terminated witha 25-pin
connectorateachend. Connectone end of the cable to the 25-pin
receptacle on the rear panel of the Machining Center. Connectthe
other end to the 25-pin serial port connector on the back of your
computer. If your computer serial porthasa 9-pin connector, use
the special 25-to-9-pinadapter from the Accessory Kit (see the

illustration on the previous page).

Important! Youmustinstructthe Control Program to communi-
cate with serial ports other than COM1. This requires settingan
environmentvariable or running the SETUP program from the
PLM2000 prompt.

Optional Connections

Ifyouhave purchased the optional air vise, plug the power cord from
the solenoid valve on the viseinto the receptacle end of the Acces-
sory Port Adapter Cable. Insert the plugend of the cable into one
ofthe ACCreceptacles onthe rear panel of the Machining Center.

Youcanattachanother 120VACaccessory to your Machining Center.
Plugtheaccessory’s power cord into the receptacle end of another
Accessory Port Adapter Cable. Insert the plugend of the cableinto
the otherreceptacle on the rear panel ofthe Machining Center; the
currentdraw for suchaccessories, however,islimited to 3amps on
120VACmachines (1.5amps on 230VAC proLIGHT 2500 and

international machines).

A 15-pinconnectoris provided on the rear panelforinterfacing to
anl/O devicesuchasarobot. See Appendix F of this guide for

information oninterfacing with robots.
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Connecting an accessory to
the Controller Panel using the
Accessory Port Adapter
Cable. Note that the
accessory receptacles on
proLIGHT 2500’s are 230
VAC.

A Note to International Users:

You need to install the plug on
the end of the electrical cord to
accommodate 230V, 50Hz, 10A
service, the wiring is color coded
as: Line - black

Neutral - white

Ground - green

If your power outlet only
provides two lines, Line and
Neutral, you must provide a
separate Ground!

Installation

ACCT (1 AMP MAX)
SPINDLE 1 MAIN 1 o

AUX 1 SERVO 1
o B ACCT (2 AMP MAX) AUX 2 SERVO 2 SPINDLE 2 MAIN 2 RS-232
N -

=ljs )
O

Plug End
(To Acc on Rear Panel)

NE
Accessory Port Adapter Cable ‘ \

Power Cord from Accesst

Connecting Power to the Components

Plugboth the proLIGHT 2000 and the computerinto 120VAC,
60Hz wall outlets. Plug the proLIGHT 2500intoa230VAC, 50-
60Hz, 10A, single phase wall outlet. The Machining Center has an
attached power cord terminated with the appropriateplug. Insert the

plugend of this cord into the correct wall outlet.
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After turning on your computer,
you will most likely see the DOS
system prompt. The prompt often
appears as C:\>.

C: is the hard drive designation.

\ indicates that you are at the root
directory (the top level) of the
system.

> with a blinking cursor indicates
the computer is awaiting input.

CAUTION:

Make sure you read all the
safety instructions in this
guide before you attempt to
run the Control Program
with the Machining Center
for the first time.
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Software Installation

The proLIGHT Control Programis shipped onbotha 5.25" 1.2MB
diskand a3.5" 720KB disk. The Control Program mustbeinstalled
onaharddrive containinga copy of DOS (version 3.1 or higher).
Youmusthaveatleast 600KB of free space on your hard drive to

perform thisinstallation. (See Section 1 for system requirements.)

CAUTION: The proLIGHT master disk is shipped write-protected
(5.25 disks have a tab over the notch in the sleeve, and 3.5 disks
have the write-protect window open) to prevent accidental
destruction of the software. Never remove the write protection!
Create and use a working copy of the software. Always store the
master disk in a safe place away from heat, sunlight and static.

Installing the Control Program

The proLIGHT Control Program mustbe copied to the hard drive
onyourcomputer. The followinginstructionsassume that your hard

driveisdrive C,and your floppydriveis drive A.

1. Turnon the computer. Wait forit to go throughitsinternal
checksand for the system prompt (C:\>) to appeat.

2. Insertthe proLIGHT diskin the floppydrive of your computer.

3. Type A:INSTALL then press Return. (Youmay have to type
B:INSTALL if your computer has multiple floppy drives.)

This command creates a new directory called PLM2000on
your hard disk. Itthen copies all the files from the master disk
inthe floppydrive to the PLM2000directory on the hard drive.
When the copyingis completed, the computer prompts you to
press Return to run the SETUP program.

alwwi ] loms one = oowplmZ080Rmi | lone  we
alwwi ] lfuo ne = oowplmE 0B |t me
alwrotary, s =3 clupledBl@rotary, s
alwzetup . cow =3 clawpled@Easetop . cow
alwEetup o wap =3 olupledBlEeetup wap
atwzetup.ple =3 ciwpled@lEaeetop. ple
alsaccel owap =» clapled@hacoe] wap
alsspindlo map =3 clapledB08sspind o wap
alweetup. pld =3 ciawpled@l@seetop. pld
5 Fileis) copied
Fress EETUEH &0 res the setsp program

4. PressReturntorunthe SETUP program. (See the following
page forinstructions on running the SETUP program.)
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Installation

Running the SETUP Program

The SETUP program automatically configures the control software

foryour machining center’s specifications. When you press Return

after running the INSTALL program, the computer begins the
SETUP program.

Setup for the proLIGHT 2500

1.

\ ConFLHZ D80

EnterY foryesifyouhave purchasedaprol.LIGHT 2500 Machining
Center witha 42,000 RPM Spindle.

Enter 2if your machineis connected to serial port #2 on your
computer. The defaultis 1. After youanswer this question, the
computer completes the SETUP process.

Setup for PLA-Z080 zoftuare
Do oo Beos the prollGHT 2508 wiith 42080 EPA spindle 0¥ or Bofault=RiTiy

Do pou baws the wackiss hooked up o ssrial port 81 or merial port 82T
(ol yom have a mouse 1% may be booked wp to portEll (2 or default=13:1

Processing, ..
Finiskad,

Setup for the proLIGHT 2000 with the 10,000 RPM
Spindle Option

1.

EnterY foryesifyouhave purchased amachine witha 10,000
RPM Spindle.

Enter 2if your machineis connected to serial port #2 on your
computer. The defaultis 1.

. Enter3ifyourmachine’s serialnumberbegins with three digits

followed byaspace. Enter 4if your machine’s serial number
begins with four digits followed by as space. If youare unsure

ofthisinformation,lookat the serialnumberon your machine.

If youanswer 3 to this question, the computer completes the
SETUP process. If youanswer 4 to this question, the computer

prompts youwith two further questions.
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4. EnterY foryesifyouhaveamachine with 500 line encoders.
Ifyouareunsure of thisinformation,look at the serial number
onyour machine. Toanswer yes to this question, the last five
digits of your serial number should beless than 20053.

5. EnterYforyesifyouhavearevision1spindlespeed board. If
youare unsure of thisinformation,look at the serial number
onyour machine. Toanswer yes to this question, the last five
digits of your serial number should beless than 20066. After
youanswer this question, the computer completes the SETUP

process.

Setup for FLE-Z080 zof tusre -
o pou Baws the prollGHT 2508 with 42080 EPFA spindle (Y or Bofault=RpT:
o wou Baos the 10808 IFH spisdle opiion (Y or Bofault=RiTiy

Do you Bsow the wackiss hooksd up fo serial port 81 op serial port 827
Tl yom hawve a mouse it woy be booked wp to portEld (2 or defanlt=25:1

lpes pour wackise serial smmber start with F digits followsd By & space
or 4 digits followsd by & space¥ {4 or Delamlé=31:4

I pou Bave & wackise with 580 lise escoders (The last Fiws nuweric
digits of pour serial samber should ks less than 20853, % or Defamlt=H):R

Do wpou bave & revisios | spindle speed board (The last Five nuweric
digits of gour serial samber should ko less than 20866 % or Defamlt=H):R

Processing. ..
Finixzksad,

ConFLAZDS0:

- J

Setup for the proLIGHT 2000 without the 10,000 RPM
Spindle Option

1. EnterNforno (orpress Enterto select the default: no) if your

machineis notequipped with the 10,000 RPM spindle option.

2. Followsteps 3 through 6 above. Afteryouanswer these
questions, the computer completes the SETUP process.
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Section 3: The proLIGHT 2000 Control Program

Starting the Control Program
Selecting Commands

The Control Program Screen
The File Menu

The Edit Menu

The Run Menu

The Windows Menu

The Setup Menu

The Help Menu



Note: Do not attempt to operate
the proLIGHT 2000 Machining
Center without reading and
practicing the safety instructions
contained in this Section and
Appendix C.

Note to 4th Axis Rotary
Positioner users:

The start up procedure is slightly
different for starting the Control
Program when using a Rotary
Positioner.

At the C:> prompt, type
CD\PLM2000 and press Enter.
When you are in the correct
directory, type PLM2000 /4.

See Section 6 for further details.

This is how the main screen
looks when you first start up
the Control Program.

3-2

Starting the proLIGHT System

Afteryouhave setup your machine and have copied the Control
Program to the hard drive of your computer, you can start the
proLIGHT System.

The procedure for starting the proLIGHT System is:

1. Turn the computer on. After the C:\> promptappears, you can

turn on the machining center.

2. Atthe C:> prompt, change from the main directory to the di-
rectory containing the proLIGHT files. Type: CD\PLM2000
and press the Enter (or Return) key.

(Ifyoucreated your owndirectory name when youinstalled the
proLIGHT Control Program, type CD\ then enter your direc-

tory name and press Enter.)

3. Whenyou’rein the properdirectory, type PLM2000at the
C:>promptand press Return. When the proLIGHT Control

Programis running, the main screenappears.

+

FZ-OFER
Fa: (C) LEght
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Having a Problem?

Computer and Machine Position Differ

Your computer’s position and the Machining Center’s position
may differif youhome the machine then exit the Control Program
withoutsaving parameters. When you restart the Control Program,

the following screen appears:

Computer 8§ Machkise Positios Biffer

Cowgmtor position iz different Frowm the
Mackims pozitiom, Chooze which pozitios
to uxe ax ths currest positiows,

SelectComputerto use thelast saved computer position as the cur-
rent position. SelectMachine to use the machine’s current position

as the current position.

Error Initializing Control

Ifthe followingscreenappearswhenyoustartup the Control Program,
checkyourinstallation connections and make sure the Machining

Centeris turned on.

Error Imitializing Lomtrs 10T

Maks =ure machine i= consacied

andl power 1x on helore oo retry

After checking the connections, you can selectRetry to start the
program. Otherwise, you can select Simulate to use the Control
program without communicating with the Machining Center, or

selectQuit to exit the Control Program and return to DOS.
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Ifyouareexperiencingotherstart-up problems, check theitems
listed below.

* Arethecomputerand monitor plugged into a wall outlet? I's

there power to the wall outlet?
* Isthemonitorcorrectly connected to the computer?
* Areallinterface connections secure?
* Arethemonitorand computer turned on?
* Haveyouspecified the correctdirectory?

* Ifyouareusingamouse,wasthemousedriversoftwareloaded
before the proLIGHT Control Program software?

* Doyouhaveenough memoryonthe computer to run the Control
Program? Make sure there are no other programs runningbefore

starting up the Control Program.

Ifyoustillexperience startup problemsafter checking theabove
items, refertoyour PC Owner’s Manualand the DOS Reference Guide

foradditionalinformation onloadingsoftware.
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Note: Pressing the ESC key
allows you to exit any
menu or dialog box.

Selecting Commands

The proLIGHT Control Program has pull-down menus like many
other MS-DOS-based applications. Selectinga menuitem may

execute acommand or produceadial/oghoxonthescreen.

A dialogbox may require anok orcancel, orayesornoresponse
fromyou. Youalso maybe required to enter numerical dataor
acceptcurrentvalues before selectingok orcancel. You always have
the option of cancelinga function and exiting the dialog box with-

outchanginganything.

Selecting Menu Options

Youmayselectdesired functions from amenu usingany of the

following techniques, ora combination of these techniques.

Menu — Titles

Youcan click on the titles at the top of the screen (File, Edit, Run,
Windows, Setup and Help) to pulldown the menus. You canalso
access the menus by pressing the Altkey on your keyboard, then
pressing the key that corresponds with the firstletter of the menu
title. Forinstance, to open the File Menu, press Alt+F.

Menn — Compmands

Onceyou’ve pulled-down a menu, there are two ways to selecta
command. When using amouse, you can execute any command on
a menusimply by clickingonit. Youcanalsopress the key on your
keyboard thatcorresponds to the highlighted characterin the com-
mand. Forinstance, to execute the Save As command on the File
Menu, press the A-key.

Hot Keys and F Keys

Youcanuseaseries of keyboard key strokes and the keyboard
function (F) keys to select certain menu functions. For example,
press Ctrl + S tosaveyour current NC program. Press the F2 key
to bringup the Open NC File dialog box. Menu options with Hot
Keycombinationsare displayed on the menu with the combination.
The caratcharacter (7) represents the Ctrl key on the keyboard.
The F key functionsappearalong the bottom of the program screen.
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Note: There are a few dialog
boxes that do not allow you to

tab through buttons. These dialog

boxes contain requirements
related to safety. E.g., the
Continue/Quit dialog box that
appears while running a
program.

Note: Refer to the User’s Guide
supplied with your mouse for
additional information on using
the mouse.

Important: You must load the
mouse driver software before
loading the proLIGHT Control
Program software.

3-6

Selecting with the Arrow Keys

Youcanusethearrow keys on the computer keyboard to highlight
amenuitemoranitemonalistinadialogbox. Once theitemis

highlighted, press the Enterkey to complete the selection.

Selecting with Tab and Shift+Tab

Tomove from one data field to another within a dialog box, you
may press the Tab key to move forward to the next field, or press
the Shiftand Tab keys simultaneously to move back to the previous
field. Oncea fieldis highlighted, enter data by typing. Press the
Enterkey when youare finished entering data, or use the Tab or
Shift+Tab keys to move the cursor to another field.

If the dialog box contains push-buttons, such asok, cancel, yesor
no, the selected push-button will change case when selected. For
example, whenz o #selected, the okbuttonisdisplayedinlower-case
letters. Whenitzsselected, the OK buttonis displayed in upper-case,

or capitalletters.
ok OK
Not Selected Selected

Selecting with a Mouse

The proLIGHT Control Programis designed to run on a personal
computer equippedwith a Microsoft-compatible mousedriver. When
the mousedriverisloaded, thecursorbecomesablock-shaped pointer.
Move the pointer on the screen by moving the mouse over your

desktop.

With the cursor positioned over the area of the screen you wish to
select, pressand release theleft button on the mouse. This action
iscalledc/icking Clickingselectsanitem or field on the screen. You
canalso clickonbuttons (like ok and cancel) to press them. To enter
dataindata fields, click on the field, type in the data and click on
ok.Youcanuse the mouse to selectamenu,amenu command, a

datafield, oranareaofthescreen.

Youmayclicktwice (double-clicking) to selectsomeitems, forinstance
the drives, directories or files in the Load NC File dialogbox.
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This is the first screen
you’ll see when you start
the Control Program. It
is constructed of a series
of separate “windows”
that perform individual
functions.

The Inputs Window (not
shown) appears only
while the Manual
Control Panel and Run
Program Windows are
active.

The Control Program Screen

The screen thatappears when you run the proLIGHT Control
Programisdependenton the Startup Mode you select (seethe Set
Preferences Commandlaterin this section). Here we show the

screenin the default Editor mode.
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The Edit Window

The Edit Window is where you enter your NC code. When youopen
an existing NC program, italso appearsin the Edit window. When
youare working withlarge programs, you can scroll through the
EditWindow by clicking on the scroll bars along the rightand
bottom edges of the Edit Window.

The numericdisplayin thelowerleftcorner of the Edit Window
indicates the number of the block the cursoris on, and the number
ofthe characterin the block. Forinstance, if the display reads 20:3,
the cursoris on the third characterin the 20th block of the program.

Onceyouhave openedaprogram, you canuse both the mouse and
the keyboard to edit the NC code.

Always Save NC programs after editingto make sureyourchanges are
notlostbefore turning off power to the PC. Periodic saving can
also preserve the work you’ve done should the power to your PC
beinadvertentlylost.
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The Position Window

The Position Window displays the currently selected programming
mode (inch or metric) and the current X, Y and Z position of the

cutting tool.

Ifyouchange the coordinate system usingthe Coordinate Systems
command from the Setup menu, the currently selectedcoordinate
systemisalsodisplayed. The defaultis Coordinate System W (which
stands forwor/d, meaningno offsetsare beingused). The coordinate
systemis always W, except when runningan NC1 program using
G54 through G59.

The Outputs Window

The Outputs Window contains on/off switches for enabling or
disabling the eight system outputs. An outputisonifanasterisk

appearsinits “on” column.

Youcan control the outputs aslongas the Manual Control Panelis
active. To turnan outputon or off, clickon the On or Off column
with the mouse. You canalso use a Shift+F-Key combination. For

instance, press Shift+F1to toggleoutput#1 (Spindle) onand off.

The first three outputs have dedicated assignments to the spindle,
ACC1and ACC2. The remaining outputs correspond to certain
outputs on the TTL1/O connector on the rear panel of the
Machining Center (see Robotic Integration, Appendix ).

The Limits Window

The Limits Window alerts you when the machine has reached its
maximum positive or negative limit of travel. When alimitishit,
the window lights up and displays the word LIMIT. Also, a plus (+)
orminus (-) is displayed next to the offendingaxis. Forinstance, if
the Limits Window changes color and there is a small white plus

sign nextto the X, itmeans that the positive X axislimithas been hit.

The Limits Window also alerts you to other causes of programinter-
ruption. Forinstance,itchanges colorand displays ESTOPif you
pressthe EmergencyStop or Cycle Stop buttons, and displays Door
Openmessages.
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The Inputs Window

The Inputs Window appears only when the Manual Control Panel
isopen, orwhenyouare runningan NC program. This window
displays the status of the inputs on the TTLI/O connector on the
rear panel of the Machining Center.

Allinputs are normally low (atalow voltage state). The inputs will
go high under certain circumstances. Forinstance, the Cycle Start
button on the front panel of the Machining Center will cause Input8
to go into ahigh state. This canbe used in conjunction with certain
G codes forroboticinterfacingand for performing repetitive part
machining. For more information on the use of the inputs, see

Appendix F.

The Menu Bar and Message Bar

The menubaratthe top of the screen provides the pull-down
menus, and the message baratthe bottom of the screen provides
information on the number of blocksin the open program, the

amountof remaining memory on your computer, and the time.
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| New
Open. .. FZ
Save “5
Save As. ..
Print... “P
Exit... “Q

Note: If you are unable to open
an NC file because it is too large,
use SPLIT.EXE to divide the
program into smaller units.

See “Splitting NC Files” in
Appendix E for more information.

3-10

The File Menu

The File Menu provides general file handling commands.

The New Command

YoucanuseexistingNC programs, oryou can create new NC programs
by typing the code in the Editwindow. To create anew NC program,
selectNew from the File Menu. Youmaybe prompted to save changes
toany currently open NC program. Once the current programis
saved,anew “Untitled. NC” window appears and you can begin

typing NC code.

The Open Command

When you selectOpen from the File Menu, the Open NC File dialog

boxappears.

Open MC File: MILLONE.NC

Directory: C:\PLHMZOOO

Files Dirs/Drives
[..]
MILLTWO .NC [A:1
README .NC [B:1 0K
ROTARY .NC [C:1
[F:1
[G:]
[H:1] cancel
[Y:]
[Z:1]

The name of thelast programloaded into RAM is the default file-
nameinthe OpenNCUFile:box. If you typein adifferentfilename,
remember, youmust follow DOS conventions foridentifying the
full DOS pathname: [drive]:\[ditectory] \ filename]

Forexample:
* B:CASTLE.NC (an NC program file in drive B named “castle”)

* C:\PROGRAMS\CASTLE.NC (an NC program file named
“castle” in the PROGRAMS directory of drive C)
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The defaultdriveis the drive from which the proLIGHT Control
Programwas started. The defaultdirectoryis the PLM2000 directory.

Youmayopendirectories or selecta file in the window using a
mouse,orusing the Arrow keys on the keyboard; the selected file-
name appearsin the Open NCFile: box. Use the Tab key to move

the cursorthrough each window and button.

Iftherearemore filesordirectories than the window can show,ascroll
barwillappear on the right side of the window. To view additional

files or directories, click on the scroll bat.

Toview the contents of the parent directory to the directory you

are currentlyin, select the dual periods (..).

To open the program file shown in the Open NC File: box, select
ok. (You canalso use the mouse to double-click on the filename in

the file window.)

Selectcancel to exit the Open NC file dialog box.

The Save and Save As Commands

The Save command allows you to save the latest changes to your
NC programunderits current filename. If you have written a new
programanditis still “untitled,” only the Save Ascommand is
available from the File Menu. The Save commandis notavailable

until changes have been made to the file.

Save NC File: yJURAIL 1NN, IS

Directory: C:NFLHZ2OOO

Files Dirs/Drives
[..1
(i1
MILLTWO.NC [B:1 0K
README . NC [C:1
ROTARY .NC [F:1
[G:1
[H:1 cancel
[¥:1
[£:1
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IMPORTANT:

Save your NC program often as
you work, especially if it's a long
program. Until a program has
been saved, it could be lost due
to a power interruption or a
software problem. Always save
your program before running it
on the Machining Center.

The name of thelast programloaded is the default filename in the
Save AsFile:box. If you typeinadifferent filename, remember,
youmust follow DOS conventions foridentifying the full DOS

pathname.

Savingan NC program underits original filename over-writes pre-
vious copies of the file with any changes thathave been made. You
cansaveseveral versions of a single part program by saving the

programunder different filenames.

Ifyouwantto save your program underanother name, or saveitto
another directory or drive, select the Save Ascommand. Entera
new DOS pathname for the program before selectingok. If youdo
notadd the .NCfile extension, the Control Program automatically

addsitwhenyouselectok.

Thedefaultdriveis thedrive from which the prolL.IGHT Control
Program was started. The defaultdirectoryis the PLM2000

directory.

Useamouseorthe Arrowkeyson the keyboard to openadirectory
or change drives. Use the Tab key to move the cursor through each

window and button.

If there are moredirectories than the window can show, a scroll bar
appears on the rightside of thewindow. To view additional directories,

clickon the scroll bar.

Toview the contents of the parentdirectory to the directory you

are currentlyin, select the dual periods (..).

To save the file shown in the Save NC File: box, selectok. Select
cancel to exit the dialog box.
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Before selecting Print, the printer
should be loaded with paper and
turned on.

The Print Command

The Print command allows you to make a hard copy of the currently
loaded program. It’sa goodideato printoutahard copyofnewor

edited programs asinsuranceagainstlosingthem on damaged disks.

When you selectPrint, the following dialogbox appears. The cur-
rently opened file is automatically placed in the PrintNC File: field.
Selectokto print the NC program. Selectcancelto cancel printing.

Print NC File: MILLONE .NC
Directory: C:S\PLHZOQQ
Files Dirs/Drives
MILLONE .NC [..1
MILLTWO.NC [Aa:]
READHME . HC [B:1 DK
ROTARY .HC [C:]
[F:1
[G:]
[H:1 cancel
[¥:1
[Z:1]

Ifyour file does not print, you may geta time-outerror. This occurs
when the printeris noton, oris not properly connected. If the
printeris properly connected and running, and your file still does not
print, refer to the manuals supplied withyour computer and printer

fortroubleshooting procedures.

The proLIGHT Machining Centeris set to print to the standard
printer port LPT1. If youare printinga verylarge file, there maybe a
shortdelay beforea printprogress dialogboxappears.

The Exit Command

To exitthe Control Program and return to DOS, select Exit. If you
have notsaved the program you have been working on, you will be
prompted to do so. Once thatis done, the Control Program closes

andyouare returned to DOS.
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Note: You may use the
mouse, or the Shift+Arrow
key combination to select a
portion of your NC program
for cutting, pasting or

copying.

The Edit Menu

The Edit Menu provides the NC program editing commands. After
openingaprogram, or typing your NC code in the Edit window,

you can use these commands to make modifications.

The Cut Command

Use the Cutcommand todeleteaselected portion of your NC program
and keepitavailable to paste elsewhere in the program. When you
selectaportion of NC code, then select Cut, the codeis keptin
memory foryou to place somewhere elsein the program. Ifyouselect
and cutagain, the previously cutportioniserased from memory. Until
youuse the mouse to select the NC code you wish to cut, the Cut
commandis grayed-outand you can notselectit. Onceyouhave

selected the code youwish to cut, the Cutcommandis available.

The Copy Command

Use the Copy command to copya selected portion of your NC
programand keepitavailable to paste elsewhere in the program.
Whenyouselectaportionof NC code, then select Copy, the code
iskeptin memory for you to place somewhere elsein the program.
Ifyoucopyadifferent portion of the program, the previously copied
portioniserased from memory. Until you select the NC code you
wish to copy, the Copy command is grayed-outand you can not
selectit. Once youhave selected the code you wish to copy, the

Copycommandis madeavailable.

The Paste Command

Use the Paste command to paste a cut or copied portionofyour NC
program elsewherein the NC program. The Paste command can
beused againand again once a portion of codeis cutor copied to
memory. Until you cutor copya portion of the NC program, the
Paste commandis grayed-outand you cannotselectit. Once you
have cutorcopiedasectionof NC code, the Paste command is made
available. Before selecting Paste, you must move the cursor to the

pointinthe NC program where you would like to paste the code.
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Note: The Search command
begins a search from the current
line of your NC program. To
search the entire program, be
sure to place your cursor at the
beginning of the program.

The Clear Command

The Clear command deletes NC code thathas been selected with

the mouse.

The Search Command

The Search command allows you to look for particular character
strings within the NC file, eliminating the need to scroll through
the file and search by sight. This is especially handyif your NC
fileislarge. When youselect Search, a dialogboxappears. Enter
the character string (up to 20 characters) you’d like tolook for.

| Search |

Search For: |FO1

Ignore Case

OK cancel

Ignore Caseallows youtosearch only for those character stringsthat
have the same case attributes (upper case orlower case), orignore

anydifferencein case.

Okinitiates the search operation. The cursor willmove to the first
occurrence of the character stringin the program. Press F3 or select

the Find Again command to find the next occurrence.

Cancelcancels thesearch operationand closes the dialogbox.

The Find Again Command

Find Again finds the nextoccurrence of the characterstring specified

using the Search command.
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The Replace Command

The Replace command willlook fora character stringin the NC
programand replaceitwith another character string. Forinstance,
ifyour CAM program placed a feed rate of 20 ipm throughout the
program, and you want to change all occurrences of 20 ipm to 25
ipm, enter the appropriate valuesin the Replace dialog box.

| Replace |

Search For: |FZ0

Replace With: |F25

Ignore Case
Azk Before Replace

ok cancel REPLACE ALL

Ignore Caseallowsyoutosearch only for those character strings
thathave the same case attributes (upper case orlower case), or

ignore any differencein case.

Ask Before Replacewill stop atthe stringand prompts you for
permission to replace the string. The promptsappearin the message

baratthebottom of the screen.
Okinitiates the searchand replace operation.

Cancelcancels the searchand replace operationand closes the dialog

box.

Replace Allchangesall occurrences of the specified string. If Ask
Before Replaceisnotselected, all occurrences of the stringare re-

placed automatically.
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Note: Although the Copy
command is available when the
NC file is locked, the code you
select and copy can only be

pasted into an unlocked NC file.

The Renumber Command

The Renumber command brings up a dialogbox thatallows you to

alter the N codesin the program.

| Renumber |

RENUMBER N CODES
Remove N Codes First N Code:|Q
Ignore N Codes

Add Spaces Increment: |1
Remove 3paces
Ignore Spaces

ok cancel

Strip Comments

N codes specify the sequentialnumber of the blocksinan NC program.
Using N codes is optional; however, whenyoudouse N codes,

they mustbe the first characters of each block in the program.
Renumber allows you to:

(d Renumberallthe N codes. (Thisishandyifyouhaveaddeda

numberofblocksand mustrenumber the program.)
d Removeall the N codes.
(A Ignoreall the N codes.

d Incrementtheblocknumbers by whatever number spacing you
wish touse. (Forinstance,if youenteranumber spacingof 2,
the block numbers will read NO, N2, N4, N6, N8, and so on.)

1 Addspacesbetweenallthe NC codesin the program.
(d Removeanyspacesbetween NC codein the program.

d Removeanycommentsinthe program.

The Locked Command

The Locked command alternates your NC file between an editable
formatandaread-only format. The Locked command prevents the
NC program from being altered. Whenan NC programislocked,
youcannotenter new codes, orusethe Cut, Paste, Replace or Re-
number commands. When a fileis locked, the file name at the top
ofthe Editscreenbecomes red. Also,acheck markappears nextto
the Locked command on the Edit Menu. The file name of an un-

locked file appears in white.
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The Run Menu

Manual Ctl. F4

Verify Program FS The Run Menu provides commands that can directly effect the
Run Program Fb
Estimate Run Time

runningofan NC program. These commands include Manual
Control,Run Programand Verify Program. Although the proLIGHT

Control Program provides graphic tool path verification, we rec-

ommend thatyouperformadryrunofall of your NC programs
before youactually try to machine the parts.

The Manual Control Command

Whenyouselect Manual Control from the Run Menu, the Manual
Control Panelappears. Using the Manual Control Panelyou can:
jogthe cross slide to anew position, control roboticinputs, and

turn the spindle and accessory outlets on or off.

| HWanual Cowtrol Faesl | — ImchEs
Josg HBettieys Hit (EBC) to Exit 21572

€1 (lincresentsl EEYFAD DIRECTIDNE FOE TOODL HOTIOA
431 D )ORTIHILS C+')
i H &
Jmy Feed Distamce | 'l = UFLE)
CIR-HIHY CIRCHR E]
i Ih_8a L]
¥i I5.8a F
Zi Db.ga 1
Ouerr ide Feed: 7508 H '\
-7

(Bipindle Spesd I Hit Space For Essrpesty Stop

t-f s DIMRL-ED

_  tipmts —
IMFUT1 [MPUTZ [HPUT3I [IMPUTH [INPUTS IMFUTG [IMPUTY [HFUTH
LW Lay LW Lay Loy Lay Ly Lay

[F4-HAH_[FS-UER |Fh-RUM_|F?-POG | Fil-&60T0 |

FLH 2888 (C] hleEs Corp- 199 1 Blocks ZBE Free 11:18AH

Jog Settings

To select a mode of motion, use Jogmotion canbe either continuous orincremental.

the mouse to click on the mode, ) ) o

or press the I-key for Incremental With Incremental motion selected, the tool movesinincrements
or the C-key for Continuous. You equal to the value specified in the Set Jog Distance dialogbox (see

can also press the Insert key to
toggle between the two modes. A
check mark appears next to the
selected mode.

the Setup Menu).

Continuous (or traverse) motion allows you to move the tool at the
currentjogspeed by pressingakey (see Keypad Directions). The tool
moves until you press the Space Bar, orany key on the numeric
keypad.
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Note: As long as Use Feedrate
Override is selected in the Run
Preferences dialog box (see Setup
Menu), you can use the Feed
Override switch on the
Machining Center to override the
X, Y and Z feed rates as well as
the Override Feed on the Manual
Control Panel.

Note: The keypad on the Tandy
1000 keyboard works differently
than other MS-DOS-compatible
keyboards. If you are using a
Tandy 1000, use the arrow keys
for tool movement instead of the
numeric keypad.

The proLIGHT 2000 Control Program

When youselect Continuous,another parameter, Override Feed,
appears onscreen. Use Override Feed to override the specified X,
Y and Z feed rates. Specifyall feed rates (X, Y and Z feeds and the
Override Feed) using the SetJog Feed command under the Setup
Menu. Touse Override Feed, hold down the shift key while jog-
ging with the keypad (see Keypad Directions).

Justbelow JogSettings, the current X, Y and Z Jog speed and distance
aredisplayed. Jogdistance appears only when Incremental mode is
selected. Override Feedis displayed only when Continuous mode

isselected.

Inputs Window

When the Manual Control Panelisactive, you can view the status
of the eightsystem Inputs. These inputs correspond to pins on the
I/O connectorontherearpanelof the proLIGHT Machining Cen-
ter. The Robotic Inputs appear Low or High depending on the
signal state at the roboticinput. For more information on using

the Inputs, refer to Robotic Integration, Appendix F.

Keypad Directions

Toolmovementcan be controlled by clicking the mouse on the
keypad onthe Manual Control Panel, by pressing the corresponding
numberkeys onyourkeyboard (on the right-hand sideof the com-
puter keyboard) or by pressing the corresponding Arrow keys.

Forexample,ifyou click the mouse on this portion of the screen

keypad (or press the 6-key)...

...the toolmovesin the -X directionat the speed you set with Set

JogSpeed.



Note: The spindle speeds
specified in the NC program
and in the Spindle Control
dialog box can be overridden
by the spindle speed controls
on the Machining Center.

S indle Speed Feed Override

© 0

Manual CNC O/cIeSIarl Cy

* EMERGENCY STOP
L ‘

The mode switch on the
Machining Center allows you
to alternate between computer
control (CNC) and manual
control (Manual). The mode
must be set to Manual before
the spindle speed knob will
override the software
commands.
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Ifyouuse Continuous motion, the toolmoves atthe set speed until
any keyis pressed. If youuse Incremental motion, the tool moves
inthe X direction for the specified distance.

Ifyouclickonanother portion of the screen keypad, forinstance

+Y, the toolmovesinthatdirectionatthe setspeed and distance.

The plus and minus signs will make the spindle (Z axis) move up

ordown.

Spindle Speed

IfyouhavenotusedanS codeinyour NC program to specifya
spindle speed, you canuse the Spindle Control dialogbox to enter
aspeed. Toopenthe dialogboxclick on the Spindle Speed button,
or press the Skey. This dialog box allows you to alter the current

spindle speed as well as turn the spindle on or off.

SPEED (RPH):

C ) Spindle On
(I) Spindle Off

apply done

When runningaprogram, the spindle speed is primarily determined
by the Mode Switch on the front panel of the Machining Center.
If the switchis set to Manual Mode, spindle speed is controlled by
the Spindle Speed Controlknob, also on the front panel. If the
Modeissetto CNC, spindle speedis determined by an S codein
the NC file. Ifan S codeis not presentin the NC file, the Control
Program uses the speed entered in the Spindle Control dialog box.
The Spindle Control setting does not override the S codein the
NC file.
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The Verify Program Command
cannot verify 4 axis programs.

The Verify Command works only

on the X, Y, and Z axes.

If verification encounters an
error in the program, exit
Verify, and use the Edit
command to correct your
program. When the Edit
window appears, the cursor
should already be located on
the block that caused the
error. After correcting the
error, save your program,
then try verifying it again.

The Verify Program Command

The Verify Program command generatesagraphic computer simulation
of the machining process for NC programs. You can only simulate
the currently open NC program. When you select Verify Program,
a dialogboxappears. This dialogbox allows you to setup parameters

forthe simulation.

| Verify |

Start Line: |Q

set stock size
set offset from zero
set initial position
change view during pause

Ok cancel

Start Block

Ifyouwish tostartverificationatan NCblock other than block
zetro, enter the block numberin theStart Blockbox.

Set Stock Size

Youmusttell the Control Program the dimensions of the piece of
stockyouintend to machine. To set the size of the stock, selectset
stock size. A dialogboxappears to allow you to enter the stock size

forall three axes. Enter the desired dimensions, then selectok.

— | Stock Size ———

X: | Ejelelalyl Inches

Y: |2.0000 Inches
Z: |1.50060 Inches
ok cancel
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Set Offset from Standard Zero

For more information on using Set Offset from Standard Zero allows you to adjust the verification

tO_OI Off,SEtS’ refer to .th.e _ fordifferent coordinate systems. Most NC programs set the 0,0,0
discussion on machining with

multiple tools in Section 6. pointattheleftcornerofthestock. Inthesecasesthe offsetis zero.

Occasionally, however, you may want to use adifferent origin (the
center of the stock, forexample). In these cases, youmustenteran

offsetto properly verify your program.

—] Offset from ZER0 |—
X: Inches
¥Y: |0.0000 Inches
£ |0.0000 Inches
ok cancel

Set Initial Position

You can position the tool where you wish in relation to the work-
piece by using thesetinitial position command to enter a tool start
point. When the dialogbox appears, enter the coordinates forall

three axes, then selectok. You only use Set Initial Position for

graphicverification.
—] Initial Tool Pos |——
X: Inches
Y: |0.0000 Inches
Z: |9.5000 Inches
ok cancel
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Change View During Pause

You canview the machining simulationin eitherp/an view (two-
dimensional) orZsometricview (three-dimensional). If you enable
change view during pause, you can pause the NC program during
simulation (by pressing the P-key) and change from one viewto
another (by pressing the V-key to display the Viewing Options). If
youdo notenablechange view during pause you may not change

the view of the part during simulation.

— Verify b

Start Line: |O

set stock size
set offset from zero
set initial position

When enabled, an X appears change view during pause
next to the Change View

During Pause command. OK cancel
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The Verify Screen

Onceyouhaveset the parameters for verification, selectok to

bringup the Verify screen. When the Verify screen firstappears,
the Workpiece Window, Tool Window and Viewing Options are
displayed.

Workpiece Window

Tool Window

Viewing Options
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Workpiece Window H Tool Window
\

Plan View

As you can see, the
difference between
a workpiece shown
in Plan View and a
workpiece shown in
Isometric View is
quite obvious.

However, there is
no difference in the
Tool Window.

Workpiece Window H Tool Window

|
Isometric View
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See The Set Tools Command
later in this section for
information on setting the radius
of the tool for verification.

TheWorkpiece Window shows the workpieceinits entirety. The
firsttime you verify your part program, the workpieceis shownin
Plan View. Plan View is a two-dimensional view. The aspectis from
above the workpiece. You can change to a three-dimensional view

by selecting Isometric View (see Viewing Options).

TheTool Window shows a side view of the workpiece as asolid
object.Itcannotprovide a three-dimensional view (or wire frame
image) like the Workpiece Window can. During verification, this
window shows the tool movingup and down as the Z axis codes in
the NC program are executed. When the tool moves down, you

cansee how far the toolis cuttinginto the stock.

Small, blue, horizontal lines appear on the right side of the Tool
Window whenevera G00isusedinan NC program. Theselines
indicate thatarapid traverse motion has been made. If the tool
makes a rapid motioninto the stockataninappropriate place,

you’ll be able to tell by the position of these lines.

TheViewing Options (in the bluebaracross the bottom of the screen)
control the picturein the Workpiece Window. The Viewing Options

include View, Zoom, Rotation and Pan commands.

Verify
[CR-GO1
[-J1 Show Tool

Zoom Rotation abhout Axis

Part In 1|+ ¥ axis [PogDn—Rotate +1
Part Out] ¥ axis

Tool In 1] Z axis [PglUp-Rotate -1
Tool Outl
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View — Commmaands

You canwatch the simulation in Plan View, which shows the
workpiecein two dimensions,or Isometric View, which shows the
workpiece inthree dimensions. When you selectPlan View, the
workpieceis depicted asasolid two-dimensional object. When you
selectlsometric View, the workpiece is depicted as a wire frame

three-dimensional object.
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Here, we pressed the plus (+)
key to zoom the Workpiece
Window, and the asterisk ( *) key
to zoom the Tool Window.

Uerifu

Pl |--| art " r.uls IFuBn-Antake +1 ‘lu £ I CE-GOE
| *'t '"' ! *‘r‘ E 1 L H Eotwhe. ~1 .h"-' '-'!Hﬁliul x B0 Epow Tool
b

Vimw Eonm Fotakion akout fais Fan

i d"- H e » IFmlw-
C-Canier

Then we pressed the minus ( -)
key and forward slash (/) key to
zoom out.

Fobsbion akouk finis Fan Uerifu
[ T | =
bt E ) Eal’ ikl & u-rhl “Lu'l-l'l
s

2is [Fullp=Motatke =3
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Here, we selected the Z
axis (by pressing the Z key)
then we rotated the
workpiece by pressing the
Page Up key.

If you want to start over,
press the | key to go back
to the original Isometric
View, then select the X, Y
or Z axis and press Page
Up or Page Down to rotate
the workpiece.

If you rotate the workpiece
out of view, use Show All
or Center to bring it back
into view.

3-28

After manipulating the Workpiece Window by panning, zooming,
orrotating, you canuse the Show Allcommand to resize the workpieceto
fill the window. Or, you canuse Center to bringthe workpieceback

to the center of the window after panning.

To selectaView command, press theindicatedkey (I for Isometric,
P for Plan, A for show All, or C for Center). You can also clickon

the command with the mouse.

Zoom  Commands

The Zoom commands effectboth the Workpieceand Tool Windows.
Tozoomin to the Workpiece Window, press the plus (+) key. To

zoom back out, press the minus (-) key.

Tozoominto the Tool Window, press theasterisk (*) key. To zoom
back out, press the forward slash (/) key.

Rotation — Commands

Ifyoupress the Page Down key while in Plan View, the workpiece
changes fromasolid image to a wire frameimage whichyou can

Rotate. You canalso rotate the three-dimensional wire frame image

in Isometric View.
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Note: If you use any of the
Rotation commands while in
Plan View, the workpiece will
change from a solid object to a
wire frame object. This wire
frame image is not the same as
the object you’ll see if you
select Isometric View. An
isometric object is projected at
a 30° angle. The simple wire
frame used in Plan View may
be projected at any angle.

Press the left arrow key to move

the workpiece to the left, like
this, or press the right, up or
down keys to pan in other
directions.

Rotationsoccurin 10°increments. You can selectan axis of rotation
for the workpiece by pressingthe X, Y or Z keys, or by clicking on
the command with the mouse. Anarrowappearsnextto the selected
axis and,in the Workpiece Window, the selected axisis defined by

aredline.

Torotate the workpiece around the selected axis, press the Page
Down orPage Up keys. Page Down rotates the workpieceina
positive direction. Page Up rotates the workpiece in a negative di-
rection. You can also click on PgUp or PgDn with the mouse.

Pan  Commands

The Pancommandsmove the workpiece to theleft, right,up or down.
To pan, press the arrow key that corresponds to thedirectionin
which youwish to move the workpiece. For example, if you wish
to view more of the right side of the workpiece, moveit to theleft

by pressing theleftarrow. (Youcanalso clickonthe Pan commands

with the mouse.
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In Plan View:

The tool in the Workpiece
Window is depicted as a circle
as it moves over the workpiece.
Any rapid traverse motion is
depicted by dotted lines. It is
obvious when cuts are made.

In Isometric View:

The tool is represented by a
small dotted line. This line
represents the center point of
the tool. Rapid traverse motions
are depicted by larger dotted
lines. Cuts on the workpiece
are depicted by solid lines.

The Status Display runs along the
bottom of the verification screen.
During verification, the Status
Display is continually updated
(as are the Position and Outputs
Windows).

The Status Display shows the NC
program name and path, plus the
current block, tool number, pass,

Verify
Under Verify there are two commands, [CR-GO] and Show Tool.

Clicking the mouse on [CR-GO] has the same resultas pressing
the Enterkey to begin verification. You should select the Viewing
Options before clicking on to [CR-GO] begin verification.

The Show Tool command controls the image of the toolin the
Workpiece Windowinboth Isometricand Plan View. To turn the
tooldisplay on or off, press the S-key or click on the Show Tool
command before beginning simulation. When the toolis on,a

checkmarkappears nextto the Show Tool command.

The Simulation

Press Enter to begin the simulation. Assoonas the simulation begins,
the Position and Outputs Windows appearin the upper-right corner
of the screen, and the Viewing Options bar, along the bottom of

the screen, changesintoa Status Display.

feed rate, display speed (see Hidden
Commands) and spindle speed.

Each block of NC code is displayed

as it is executed. The immediately

preceding and following blocks are
also displayed.

If you pause the simulation (press
the P-key), a Pause message
appears on the bottom of the
Status Display until you resume
verification by pressing the Enter
key. Other messages, such as tool
change instructions and error
messages appear here as well.

The Status Display
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ThePositionand Outputs Windows thatappear duringverification
are the same windows you see in the main screen. If you turn them
offin the mainscreen (see The Windows Menu) they will notap-

pearhere.

Hidden Commands

Thereareanumberof hidden quick-key commands available to

enhance theverification simulation.

Display ~ Speed

The Display Speed commands allow you to place adelay between
eachblock of NC code (orarcsegment). The speed settings range
from0to9,with O being the slowestsetting. The defaultsettingis 9.

Toalter the Display Speed, press the number for the speed you
wish to run the verification. For example, to verify at 5, press the 5

key while the verification is running.

View — Change

If youwish to change the view of the Workpiece Window while
the NC programis being verified, pause the simulation by pressing
the P-key, then press the V-key to display the Viewing Options
bar. Change the view as desired, then press Enter to resume the

simulation.

Thedatarequired to perform this functionis saved to disk while you
are verifying. Make sure youhave adequate space onyour hard drive.
(Typically,youshould haveatleasthalf the size of the NC program
available.) The data fileis deleted as soonas you are through verifying,
soitdoesn’tcontinue to consume disk space each time you verify. You
may verify froma floppy, though it maybealittle slowerand you

may notice some pauses whileitaccesses thedrive.

View Right and View Front

To quickly view either the right side or the front of the workpiece,
use the View Rightand View Front commands. These commands

workinboth Plan and Isometric Views.

View Rightdisplays a wire frame view of the right end of the
workpiece. To select View Right, press the R-key while the Viewing

Options barisactive.
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View Frontdisplays a wire frame view of the frontend of the
workpiece. Toselect View Front, press the F-key while the Viewing
Options barisactive.

Single  Step

This command pauses the simulation after each NCblock so you
canview the execution of the program a blockata time. Setsingle
stepmodeinthe Set Run Settings dialog window. To move on to

the nextblockin the program, press Enter.

Stopping
Both the Q-keyand Space Bar can be used to initiate emergency
stops of the verification. If you press the Space Bar or Q-key to

initiate an emergency stop, a small dialogbox appears.

A similar dialog box appears when Emergency Stop - Keuboard
the M02 code is encountered at
the end of the NC program.

< DONE> L Change Uiew?

This box gives you the opportunity to either exit verification, or
change theview to examine wherean error occurred. Ifyou elect to
exit, youmay exit verification by pressing the ESCkey, the Enter
key, the Space Bar, or by clickingonDonein the dialogbox.

Pansing

Use the P-key to pause the simulation. (You must pause before
using the V-key for Viewing Options.) Whenan NC program is

paused, you can press the ESCkey to exit verification.
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CAUTION:

Always wear safety glasses
and close the safety shield
before running a program.

Always observe the set-up and
safety precautions in Appendix
C of this guide.

Program Settings

Before running an NC program,
the initial X, Y and Z axis
coordinates of the cutting tool
must be set. Use the Jog function
on the Manual Control Panel to
position the cutting tool. Use the
Set Position command to enter
the tool position.

The Run Program Command

TheRunProgram command fromthe Run Menu executes the current
partprogram. When you select Run Program from the Run Menu,
asmall dialogboxappears. Youare given the option of running the
program from block zero, or specifying the starting block of the

program.

Start Line: |O

1] ,4 cancel

Whenyoustartatablock other than zero, the control program
parsesthrough the program to the specified start point. Asitparses,
itperforms operations such as turning the spindle on, butitwillnot

execute a Dwell or Pause command, and it will not move the tool.

With the start pointspecified, the Run Program dialogbox appears.
This box has three majorareas: Program Data, Program Blocks,
and Messages / Warnings.

Windouws Setap

Frogras Bata
File: CiwFLH2BEBAHILLOAE HC
Elock 7 af 25
Taol: 81 Fazz: o8l 4 EmerpERcy Stop ¥
FeEed: 408 (Feed Duereide Dizabledd

€ [(Plaise ¥

Gpindle Spesd: 1980.0

Frogram Blocks
FEGEE]  S0Eae . 3148

INFUT1 IMFMUTZ IHFUTI IHFUTY IMPFUTS IHFUTE IHNFUT? IHFUTE
Lau Low Low Loy Loy Loy Loy Loy

F1-HELF [FZ—{FER | F3-FHOA |

; B iBE Thiz Faet:BS:8d
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Program Datatells you the name (full pathname) of the running
tile, which blockis currently being executed and howmany blocks
areinthe program, which toolis beingused,andthe programloop
counter. If Use Feedrate Overrideis selected in the Run Preferences
dialogbox,a “Feed Override Enabled” message appears. IfUse
Feedrate Overrideis not selected, a “Feed Override Disabled” mes-

sageappears.

| Program Data |

File: C:N\PLMZOOOWMILLONE.NC < (Plause >

Block 7 of 25

Tool: 01 Pass: @01 <{ Emergency Stop >>
Feed: 4.00 (Feed Override Disabled)

Spindle Speed: 1500.0

Program Blocks shows the block being executed along with the

two previous blocks and the next two blocks.

Program Blocks
N5GOX1.0000Y0.3140
N6GOZO . 0050

B 7G1Z-0.1000F4 .0
NBG3X1.5830%1.33301-0.59960J1.0190F12.0
N9x0.41701-0.5830J-1.0190

Messages/Warnings provides messages suchas “Pauseat Block 0”
and prompts for tool changes. Italso alerts you to errors or opera-

tional problems that you may encounter while runninga program.
While the Program is Running . . .

While the systemis runninga program, onlycertain keys are active;
theyare the P-key, the Q-key, and the Space Bar.

Panse

Pressing the P-key will pause the program after the current NC
block hasbeen executed. To resume running the program aftera
pause, press the Return key. To abort the program and return to
the Main Menu, press the Space Bar.
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QO and Space Bar
Press the Q-keyor the Space Bar to stop the program. Cuttinghalts

immediatelyand the current tool positionis stored by thecomputer.
When youpress the Return key you are automatically returned to
the Editmode.

Torestartaprogramafteran Emergency Stop from the keyboard,
manuallyjogthe toolabove the workpiece to avoid a tool crash. Then,
selectthe Run Program command from the File Menu. You will
nothave to reset the initial tool position (assuming the firstblock

of your program moves the tool to the start position).

AnNCprogram canalso be stopped by pressing the Emergency
Stop Switch on the front panel of the Machining Center, or by
tripping a limit switch. Refer to “Safely Running the Machining
Center” in Section 4 forinstructions on how to recover from these

Emergency Stop conditions.

Quitting the Program

When your program has come to a normal program stop (M02),
press Return or ESC, or click on ok.
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The Estimate Run Time Command

The Estimate Run Time command from the Run Menu calculates
the approximate amountof time the proLIGHT 2000 needs to
machineyour partand the approximate distancethe machine travels

while machining your part.

— Estimated Run Time Info ——

0K

The Estimate Run Time command does include Dwell times and
subprograms when calculating the estimated run time, butitcan
notinclude program stops thathaveindefinitelengthsof stop time.

These program stopsinclude:
Q Pause (G5/M00)

QO Chain (M20)

Q Skip/Digitize (G31/G131)

Q Waitforinputhigh/low (G25/G26)

QO Write tofile/Write to file with Digitize coordinates (M22/M122)
U Rerun (M47/M47Ln)

The Estimate Run Time command treats M47 Rewind codes as
M2 End of Program codes.

This command also verifies the syntax of your NC programs while
calculating the estimated run time. Ifan erroris found, the Estimate

Run Time Command alerts you with a dialog box.
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The Windows Menu

Hide Inputs . o
Hide Dutputs The Windows Menu controls the appearance of the Position, Outputs,

Hide Limits Limitsand Inputs windows. Forinstance, if you selectHide Position,
Hide Function Keys

the Position boxin the upper right corner of the screen disappears.

If you pulldown the Windows Menu again, the Hide Position
command has changed to Show Position. If you select Show Posi-
tion, the Position box reappears and the command reverts to Hide

Position.

Hide Twpits
Hide Ouipats
Hide LEmits
Hide Functios Esgs

H1BE3XE . T3EE_heTal0. 138 1010F L &
H1TELXE . ah T8
I'I:I.Bi3=‘|"l SElgl8. 8obodo . 1678

The Hide Inputs commandis grayed-outand can notbe selectedunless

the Manual Control Panelis active.
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Set
Set
Set
Set
Set
Set
Set

Set Position F?

Zero Position Z
Goto Position F8

Jog Dist F39
Jog Feed F1o
RBun Settings “R
Preferences
Tools “T
Offsets

Limits

Coord. Systems
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The Setup Menu

The Setup Menu provides anumber of commands thatallow you

tosetup system parameters.

The Set Position Command

SelectingSet Positionbrings up a dialogbox for settingnew X, Y
and Z positions. The Set Position command establishesawor/d
coordinatesysteminrelationship to the machine coordinate system,
or machine zero. (Each time you turn on the Machining Center,

the current machine positionis stored as the machine coordinate
system, X0,Y0,20.)

——| Set Position —

X: Inches

¥: |0.000000 Inches

Z: |0.000000 Inches
ok cancel

Setting the X, Y and Z coordinates for the tool also defines the

zero pointofthe coordinate system for absolute motion.

Whenyousave system parameters (see Setup Preferences) the current
X, Y and Z position settings are saved. If you save the currentpa-
rameters, youwillnothave toinitialize the positionthe next time you
run the Control Program (assuming the job setupis notaltered

and the machineis notshut off).
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Locating the X, Y Zero Point on
the Workpiece (Isometric View)

Locating the zero point at the
center of the workpiece (A) will
produce four quadrants of motion
with combinations of negative
and positive coordinates.

Specifying the zero point in the
upper left corner of the workpiece
(B) produces a single quadrant of
motion, but still requires negative
and positive coordinates for
motion.

Locating the zero point at the
lower left corner of the workpiece
(C) produces a single quadrant of
motion with positive coordinates
for motion.

The Zero Position Command

The proLIGHT Machining Center featuresaf/oating zero format.
This means you cansetthe X, Y and Z zero points anywhere on
the workpiece by moving the tool tip to the coordinates. Since the
toollength and the workpiece position on the cross slide may change
fromone tooling set-up to another, the machine zeroposition needs

to beinitialized each time the set-up is changed.

The zero point for the Z axis should be set when the tip of the
cutting tool just touches the surface of the workpiece. Motion into
the workpieceisin the negative direction from the zero point (-2);

motionaway from the workpiece is in the positive direction (+7).

The X, Y zero pointcan belocated anywhere on the workpiece.
Ilustrations A, Band Cshow variouslocations forinitializing the

zero pointonthe workpiece.

+X

O

Onceyouhavelocated the zero point on the workpiece, you can
select Zero Position to establish the current tool position as the

zero point.
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Note: The jog function can be

used for cutting, but be careful.

If the cutting distance is too
large, the tool could jam or the
workpiece could break before
the jog move is completed.
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The Goto Position Command

The currentposition coordinates of the toolare shownin the dialog
box thatappears when you select Goto Position from the Setup
Menu. Goto Position allows you to enter coordinates to move the
tool to any pointon the workpiece. The coordinates are relative to
the zero pointestablished using the Set Position command. Changing

the coordinates causes amove to occut.

— Gote Fosition |——

= | ZMEEEEER Inches
Wi |8, elogan Inches
Zi |8, obolal Inches
Feed: | 3.08
ik rapid chbte]

Selectingok causes the machine to make alinear motion to the
specified coordinates at the programmed feed rate. Selectingrapid
causes the machine to move to the new coordinates at the rapid

traverserate.

The Set Jog Distance & Set Jog Feed Commands

Use the SetJogDistance and Set Jog Feed functions to control tool

motionin the manual control panel.

Jogmotionsare controlled accordingto the values you enter for the
jogdistance and thejogfeed ratealongthe X, Y and Z axes. Distance
and feed rate values are separately entered for each axis. Jog Settings
for the type of motion (Incremental or Continuous), X, Y and Z

feedsand distances are shown on the Manual Control Panel.
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Set Jog Distance

Distance values determine how far the tool moves each time a key
is pressed while using the Incremental Jog Setting. This distance can
besetatalow value (forinstance 0.005inch) to move the tool for
aprecise cutoratahighvalue (e.g. 5inches) to positiona tool. To
change the currentdistance values, select SetJog Distance from the
Setup Menu. The following dialogbox appears.

Enterdesired valuesin each field and selectok. The new valuesappear

inthe Jog Settings area of the Manual Control Panel.

—| Set Jog Distances |—

LN I . 010000 Inches

Y: |0.010000 Inches
Z: |0.010000 Inches
ok cancel

Set Jog Feed

Thejograte for the X and Y axesis the feed rate at which the tool
moves away from or toward the workpiece along the Xor Y axes.
TheJogFeed forthe Zaxis is the feed rate at which the tool moves
toward oraway from the workpiece along the Z axis. These feed

rates can be setas highas 150 inches per minute.

Override Feedisused to override the X, Y and Z feeds. To use
Override Feed, pressand hold the Shiftkey while pressingan Arrow key.
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To change the current feed values select SetJog Feed from the
Setup Menu. The following dialog box appears.

—— Set Jog Feeds |———

x| 1HHIH
¥ [35.80 1HHIH
z: |z8.00 1HRIH

rerride Fead: | 75,08

ok cance

Enter desired valuesin each field and selectok. The new values

appearinthe JogSettings area of the Manual Control Panel.

The Set Run Settings Command

The Run Settings allow you to set certain parameters for running
an NC program. When you select Set Run Settings from the Setup
Menu, the following dialogbox appears.

Run Settisys

Run Hode; il lou Sakprogeamns
idr Single Liwe {5low) Dpticnal Skig
i b wBaffeved (Hedius) Dptional Stapg
L ¥ +Baffeved (Fast) Sluyle Step
L » Variakle fAcceld

Fosition Update: I 0 ALLAYS

10 Update: JI <P RLUAYE

[w] Bz Fecdests Duerride

(& Dizahles Fesd Ouerrided (+ Bisakles Pozitiom pdate)
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Run Mode

The Run Mode determines how the computer transmits NC code
to the controlling electronics on the Machining Center. There are
four modes: Single Line, Buffered (Medium), Buffered (Fast),and
Variable Acceleration. The bufferis the onboard memory on the
machine. The bufferhasamemory capacity of 32 kilobytes where
itholds the NC code sent by the computer.

Single Linemodeallows you to maintain maximum control of the
machining center. The machine can use Feed Rate Override and
canadjustPositionand I/O updates whilein operation. A pause

occursimmediatelyin Single Line mode.

Buffered (Medium) modeallows for faster downloading of NC
programs to the machine while still allowing the machine to adjust
Positionand I/O updates. The machine puts user requested pauses
inthe queue; therefore, thereis a delay while the machine executes
the codes stillin the buffer. Thereis no Feed Rate Override in
Buffered (Medium) mode.

Buffered (Fast) modeprovides continuous bufferingof the NC file
for faster running of the program. There is no communication (no
Positionand I/O updates) between the machining centerand the
computeruntilaproblemis encountered. Feed Rate Overrideis
availablein Buffered (Fast) Mode.

Variable Acceleration modechanges theaccelerationrate based on
theline segmentlengthinanattempttoachieve the commanded
feed rate. The Accel.Map file determines the acceleration rate based
online segmentlength. Use the Variable Acceleration Mode when
your parttolerancesare notcriticalorwhenspeed of machiningis

moreimportant than precision.

Other Run Settings

Allow Sub-Programs allows you to run NC programs that contain
subprograms. If youwish to runan NC program that containsa

subprogram, this option»#stbe enabled.

Optional Skip allows you to execute orignore anyoptional skips
(/ codes)youhave embeddedin the NC program.
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Note: Decreasing the Position
and I/0O Update intervals allows
programs to run more smoothly
by decreasing the amount of
communication between the mill
and the computer.
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Optional Stop allows you to execute orignore any optional stops
(MO1 codes) youhave embedded in the NC program.

Single Step causes the NC program to pause after each block s
executed. Thisallows you to check each step of the cutting operation.

Single Stepis particularlyuseful after changing the workpiece size.

Position Updateallows you to seta time interval forupdating the
position readoutin the Position Window. Just move the cursor to
Position Update with the Tab key, thenuse the arrow keys to adjust

the time. Or,justclick on the line with the mouse.

I/O Updateallows you to set time intervals for updating the input
statusin the Inputs Window. Just move the cursor to1/O Update
with the Tab key, then use the arrow keys to adjust the time. Or,

just click on the line with the mouse.

Update Current Line in Block Mode controls how the blocks of
NC codearedisplayed when a program is runningin Block mode.
If this commandis selected, eachline of codeis highlighted as itis
executed, even thoughanentire block of code was transmitted to
the machine. If this commandis notselected, only the finalline of
codein the transmitted block is highlighted.

Feedrate Overridegives youanalternative to using the feeds specified
inthe NC program. With this command selected, you can turn the
Feed Override knob on the Machining Center toincrease or decrease
the feed rate while the NC program is running. The switch will
override the X, Y and Z feeds,as wellas the Override Feed specified
inthe Set Jog Feed dialog box.

Before runningaprogram with Feedrate Override selected, make
sure the Feed Override switch on the machining Centeris setat
approximately mid-range. This will closely approximate the feed
specifiedin the NC code. Adjustments can then be made, either
up ordowninvalue. Feed Override allows adjustmentof the feed
rate from 0% to 200% of the programmed feed rate.
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The Set Preferences Command

This command provides general system preferences. When you
select SetPreferences from the Setup Menu, the Preferences dialog
boxappears.

P rl"ﬂ'rﬂ'l"ﬂ'l‘ll:ti I

Startiup Mode; Umite:
{d¥ Editar L 1 Y
i F Manual Cil. i Hetric

In]l Exforce Saft Limits

[X] LIEE FILES GHEM OFEHER
[2] Frompt to Zawve Aachine State

[

Startup Mode

Thisallows you to select which screen you’dlike the software to start
up with. Youmay selecteither the Edit window or the Manual
Control Panel. This will not take affectuntilyou restart the program.

Units

The proLIGHT Machining Centersupports both inch and metric
measurements. The currently selected measurement mode is dis-

playedin the Position window.

Other Preference Options

Enforce Soft Limits gives you the option of using orignoring the
Soft Limits you setup with the Set Limits command.

Lock Files When Opened protects newly opened files from being
changed. Thisis handyif you wantyour NC files to be used as
read only files.

Current parameters are written to Prompt to Save Machine State will promptyou to save the current
the directory containing the
Control Program files. The next
time you run the Control
Program, the parameters and select this command, the system will automatically save all the pa-
preferences will be unchanged
from the previous session.

parameters,suchas the Jog Feedand Distance, and the current X,

Y and Z position, as well as the preferences you set. If youdo not
rameters and preferences for you. When you select this command,

the computer prompts you to save the parameters when exiting the

software.
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The Set Tools Command

WhenyouselectSet Tools from the Setup Menu, the following

dialogboxappears.
| Tools |
Toao = Rgme - | Tool Bl
itll:li é i Blam. ! |8 802580
Tool 3
Tonl 4
Tonl & 2 Mizet: |Eoforosce
Tonl &
Tonl &
Tool & ze -[Fozitionl
Tonl 9
Tonl 10
Tonl 11 H done

The Tools dialogbox allows you to specify tools and establish indi-
vidual Z axis offsets for each tool. Youmay assign offsets forup to
20 tools.

Nameallows you to enteradescription for this tool. Your description

canbeup to 15 characterslong.

Diamisused to specify the diameter of the tool displayed during

tool path verification.

Z Offsetisused by the computer to compensate for different tool

lengths while runninga program.

When youselectatool from the Toolslist, the name of the tool
appearsinthe Name box. You can typein any name youlike. For
instance, if the firsttool you’ll use for your NC programisa1/4-
inch end mill, select Tool 1 then select the Name box and type 1/4
End Mill.

Use -[position] establishes tool offsets. For moreinformation on tool

offsets and multiple tool programming, refer to Section 6.
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Note: You cannot assign a value
to offset number 0. The offset
value for offset number 0 is
always zero.

The Set Offsets Command

When you select SetOffsets from the Setup Menu, the following

dialogboxappears:
| Offsets |

Offsets

o

J 1 Offset:|B@. 250

2

3

4

5

G

K ok cancel
8

9

Selectan offset number or set the offset valuein the Offset Box.
Tosetthe offsetvalue, double-click on an offset number from the
scrolling Offset window. A check marks appears to theleft of the
offsetnumber. Enter the offset valuein the Offset Boxand selectok.
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The Set Limits Command

This command allows you to establish limits for each axis within
the software thatare different than the actual fixed hardware limits
on the machine. Softlimits are defined in relation to the machine
coordinates; therefore, you musthome the machine before using
softlimits. The softlimits confine the travel of the tool to an area

smaller than the normal maximum travel of the tool.

| Set Soft Limits |
MIN MAX
X | pelelalatalyl 12 . OO0600 Inches
¥: |-6.000000 0. 006000 Inches
Z: |-9.000000 0. 006000 Inches
ok cancel

The machine shuts downifit trips asoftlimit. This is helpful when
working withdevicessuchas robots, or when you haveinstalled
fixtures within the normal work area thatyou don’t want the tool
to hit.

— WARNING

Soft limits are based on Machine Coordinates. You
should only enable soft limits if you Home the
machine, establishing the proper Machine Coordinate
system. Soft limits do not function properly if the
machine has not been homed.
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Caution:

Be careful when mixing use
of Coordinate Systems and
G92 codes. If you use a G92,
your coordinate systems will
be offset.

The Coordinate Systems Command

This command allows you to use the code forone parttomachine
multiple parts based on multiple coordinate systems. Youcando
thisbyinserting the appropriate coordinate system G codes (G54
through G59)inthe NC programand entering offset values using the
Coord. Systems command. You canalsouse subprograms to perform
the actual machining while the main body of your NC program

alternates coordinate systems.

Here’sanexample of an NC program using multiple coordinate
systemsand asubprogram:

G54 ;USE COORDINATE SYSTEM ONE
M98P1000;GO TO SUBPROGRAM AT 01000
G55;USE COORDINATE SYSTEM TWO
M98P1000;GO TO SUBPROGRAM AT 01000
G56;USE COORDINATE SYSTEM THREE
M98P1000;GO TO SUBPROGRAM AT 01000
M2; END OF MAIN PROGRAM

01000; SUBPROGRAM TO MILL SQUARE
G90X.125Y1Z.1;RAPID TO .125, 1, .1
Glz-.1F2; PLUNGE AT CURRENT LOCATION
X1

Y.125

X.125

Y1l

G90G0zZ.1

M99 ; RETURN FROM SUBPROGRAM

To machine the first part, we called outa G54 (coordinate system
one) atthe beginning of the main program. We used an M98 to call
the subprogram thatdoes the actual machining. Whenthe machining
is finished, we are returned to the main program by the M99.

After returning to the main program,we execute a G55 (coordinate
system two command). We called out the subprogramagain tomachine
the same part,butatadifferent position onthe workpiece. Youcan
repeatthis cycleinyour part program for each part (up to six parts,

using six coordinate systems).
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Note: There are G codes that
perform similar functions:

°A G27 performs a “check
reference point.”

°A G28 performs a “set reference
point.”

°*A G53 performs a rapid to the
coordinates specified, in machine
coordinates (e.g. G53X0Y0Z0
rapids to reference point).

3-50

Youmustsetup multiple coordinate systems before you runyour
NC program. When you select Coord. Systems from the Setup
Menu, the following dialogbox appears.

Setup-3elect Offsets

Got » C5 1

G55 ~ C3 2
Gob Cs 3

Goa
G59

€S 5
CS b

s

G5? ~ C5 4
s
s

Theset reference pointbutton homes the machine to the machine
position to 0,0,0. When you selectsetreference point, the follow-

ingmessage appears:

to HOHE position?

IfyouselectOK, the machine moves to the negative X axis limit,
positive Y limit, and the positive Z limit. The PLM2000 uses a
fixed home position (0,0,0) as areference point. Youmustset the
reference pointbefore setting up any alternate coordinate systems

orbeforeusing softlimits.
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Themove to reference pointbutton checks the reference point,
similar to usinga G27 code. It compares the reported position
againstzero to seeif any position has beenlost. When youselect
move to reference point, the following dialog box appears:

vt Haching to HHE position?

SelectOK to move the machine to the reference point. The follow-

ingdialogboxappears:

Theremove offsetsbutton setsall coordinate systems back to the

reference pointof0,0,0 (machine coordinates).

Thesetup csbutton brings up a second dialogbox thatallows you

to enter offsets for alternate coordinate systems.

Setting the Coordinate Systems

Basically, the process for setting up multiple coordinate systems is
similar to setting up multiple tools. First you’ll want to establish
the reference point from which the alternate coordinate systems are
offset. Select the setreferencepointbutton. A dialogbox appears,
askingif youwish to move the tool to the home position, 0,0,0.
Selectok. Unlessitisalready there, the machine moves to its fixed

home position.
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To open the Offset from Machine
Zero dialog box you can:

eselect a coordinate system with
the mouse, then select the setup
cs button,

edouble-click on the coordinate
system, or

eselect a coordinate system with
the Tab key, then press Enter.

Note: You can also move the
machine to a specific position
using the Manual Control Panel,
then use the use current pos
button to automatically enter
offsets for a coordinate system.
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Select coordinate system one,G54/CS 1. Then selectsetupcs. The
Offset from Machine Zero dialogbox appears.
—] DFfset Fram Rachine Zera |—
factas

i

WSE CUFFENL poE

=

ColE ]

Enteroffset values forall three axes. When G54 is executed in the
NC program, the pointoforiginis offset from the machine’s home
position by theamountyou enterin this dialog box. Selectok. The
firstdialogbox reappears. Repeat this process for each successive

coordinate system you wish to offset.

Using Multiple Coordinate Systems

Thereareactually three coordinate systems for the proLIGHT Machining

Center:

Machine Coordinates

Machine coordinatesare established by Homing the system to establisha
pointoforiginatthe ends of travel on the Machining Center. Once
established, these coordinates remain fixed. When the Remove Offsets
buttonis pressedin the Coordinate Systems dialog box, all offsets

from this fixed position are canceled.

World — Coordinates

When youuse the Set Position command to seta pointof origin

ontheworkpiece,youareactuallyentering a position thatis offset
from the fixed machine position. The same thing occurs when you
usea G92 code. The coordinate system established with this offset

pointoforiginis knownas the World coordinate system. World
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Machine Coordinate System Point of Origin

When you use the Set Reference Point function in the
Set Coords. dialog box, the tool travels to the Home
position on the Machining Center (-X, +Y, +Z).

Work Coordinate Systems
Points of Origin

World Coordinate System
Point of Origin

coordinates are not fixed; they can be established anywhere else on the
system by using the Set Position commandor by using the G92

code.

Work — Coordinates
The coordinates established by using the G54 through G59 codesalong

with the Coordinate Systems command, are the Work coordinates.
Work coordinatesare offset from the Worldcoordinates. If youdo
notuse World coordinates (if youdo notestablish a point of origin
using either the Set Position command ora G92 code), the Work

coordinates are offset from the fixed Machine coordinates.

The proLIGHT 2000 Control Program 3-53



Setting Reference Point/Establishing Machine Coordinate
System

Ifyouplanonusingany of the following commands.. ..
G27,G28,G29,G53, G54, G55, G56, G57, G58, G59, and Soft Limits
...youshould performa Set Reference Point from within the
Coordinate Systems dialogbox every time you start up the Control

Program, especially after the machine has been shut off.
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The Help Menu

1 About PFLM

Help F1

The Help Menu provides helpfulinformation about the Control

Program’s menus and commands. Italso provides tips forusing the

Control Program.

The About PLM Command

Whenyouselect AboutPLM from the Help Menu, aboxappears
with the program name, versionnumber, copyrightinformation

and the name of the selected machine.

The Help Command

The Help command allows you to quickly callup information about
specific features of the Control Program. When you select Help
from the Help Menu (or press F1),adialogbox appears.

The Help informationis presented in hierarchy form. The topics
thathave subtopicsareindicated by a small dot to theleft. Click
onatopic for general information on the main topic. Click on the
Right Arrow (or double-click on the topic) to move downward in
the hierarchy to view subtopics. Click on the Left Arrow to move
back to the Main Topic.
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Section 4: Tutorial

Starting the Control Program
Safely Running the Machining Center

Running a Sample NC Program



Note: Do not attempt to operate
the proLIGHT 2000 Machining
Center without reading and
practicing the safety instructions
contained in this Section and
Appendix C.

Note to 4th Axis Rotary
Positioner users:

The start up procedure is slightly
different for starting the Control
Program when using a Rotary
Positioner. See Section 6 for
details.

This is how the main screen

looks when you first start up
the Control Program.

4-2

Starting the Control Program

The correct sequence for running the proLIGHT 2000 Machin-

ing Center with your computer is:
g y p

1. Make sure the Machining Center is turned off.

2. Turn your computer on and allow it to boot up fully.
3. Turn on the Machining Center.

4. Run the Control Program.

The procedure for running the Control Program is:

1. At the C:> prompt, change from the main directory to
the directory containing the proLIGHT files. Type:
CD\PLM2000 and press the Enter (or Return) key.

(If you made up your own directory name when you
installed the proLIGHT Control Program, type CD\ then

enter your own directory name and press Enter.)

2. When you’re in the proper directory, type PLM2000 at
the C:> prompt and press Return.

3. When the proLIGHT Control Program is running, the

main screen appears.

Windowz Setap

IMTITLED .HC — ImCheEs —
H 1.3322

X
.4 1.4359

-, 1BaE
Coord Sus W

— Outpats —
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Tutorial

Having a Problem?

If the following screen appears when you start up the Control
Program, check your installation connections and make sure

the Machining Center is turned on.

Error Imitialfzing Comtral?
Hake zure machine (2 conesctied

abd prwer s on bhefore ypou setrey.

After checking the connections, you can select Retry to start
the program. Otherwise, you can select Simulate to use the
Control program without communicating with the Machin-
ing Center, or select Quit to exit the Control Program and
return to DOS.

If you are experiencing other start-up problems, check the

items listed below.

* Are the computer and monitor plugged into a wall outlet?
Is there power to the wall outlet?

* Is the monitor correctly connected to the computer?
» Are all interface connections secure?

* Are the monitor and computer turned on?

* Have you specified the correct directory?

* If you are using a mouse, was the mouse driver software
loaded before the proLIGHT Control Program software?

* Do you have enough memory on the computer to run the
Control Program? Make sure there are no other programs
running before starting up the Control Program.

If you still experience start up problems after checking the
above items, refer to your PC Owner’s Manual and the DOS
Reference Guide for additional information on loading soft-

ware.
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For the proLIGHT 2500:

Use only tools rated for use with
42,000 rpm spindles or higher.

Never use shank tools or any tool
with a diameter larger than 3/8"
with the proLIGHT 2500.

4-4

Safely Running the Machining Center

Like any other power tool, the proLIGHT Machining Center
is a potentially dangerous machine if operated in a careless
manner. The importance of safely operating the proLIGHT
Machining Center, including the need for protection against
personal injury and the prevention of damage to the equip-
ment, can not be stressed enough. You will find more infor-

mation on safe machining in Appendix C.

Safety Rules

All operators of the proLIGHT 2000 Machining Center
should practice the following safety rules.

Remove Adjusting Keys and Wrenches
Make a habit of checking that keys and adjusting wrenches
are removed from the Machining Center before operating the

machine.

Do Not Force a Tool
Select the feed rate and depth of cut best suited to the de-
sign, construction and purpose of the cutting tool. It is al-

ways better to take too light a cut than too heavy a cut.

Use the Right Tool
Select the type of cutting tool best suited to the milling op-
eration. Don’t force a tool or attachment to do a job it wasn’t

designed to do.

Secure the Workpiece
Be certain that you have firmly secured the workpiece on
the cross slide and the cutting tool in the spindle before turn-

ing on the spindle motor.

Turn the Spindle By Hand Before Starting
Manually turning the spindle allows you to safely determine
that the tool will not hit the Machining Center bed, cross slide,

or stock on start up.

Tighten All Holding, Locking and Driving Devices
Tighten the work holders and tool holders. Do not over-
tighten these devices. Over-tightening may damage threads

or warp parts, thereby reducing accuracy and effectiveness.
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Note: You should use the
Emergency Stop button to
disconnect power to the
Machining Center when
changing tools, or when
mounting or removing a
workpiece.

You'll have to place a Pause
command in your part
program. Once the pause is
executed, push in the
Emergency Stop button and
open the Machining Center
shield.

When you are finished with
the changes, close the shield,
pull out the Emergency Stop
button, then press Return on
the computer keyboard to

resume running the program.

Tutorial

Making Emergency Stops

Before you run the proLIGHT Machining Center for the first
time, you should know how to stop the machine should an
emergency situation arise. There are a number of ways an
emergency stop can be initiated on the proLIGHT Machin-
ing Center: by pressing the emergency stop button, by press-
ing a key on the computer keyboard, by activating one of the
limit switches, or by activating the safety shield interlock

switch.

Stopping with the Emergency Stop Button

There is an emergency stop button located on the front panel
of the proLIGHT Machining Center; it has an oversized red
cap. Before power can be applied to the proLIGHT
Machining Center, the emergency stop button must be
pulled fully out from the front panel. The full-out position
allows power to be supplied to the Machining Center.

In the event that a tool crashes into the workpiece, you can im-
mediately kill power to the Machining Center by pushing in
the emergency stop button. Pushing in the emergency stop
button terminates the part program. Wait until the Machin-
ing Center has completely stopped moving before opening
the safety shield.

When the tool crash has been cleared and the emergency stop
button is reset (pulled back out), press the Return (or Enter)
key on the computer keyboard to exit the program. Edit the
part program to remove the cause of the tool crash before run-
ning the program again. Reset the tool position using the Set

Position command from the Setup Menu (see Section 3).

Stopping with the Computer Keyboard

To stop the part program with the keyboard, press the

Space Bar, or the Q key. In the Manual Control Panel, press
the ESC key or the Space Bar to stop machining. The machin-
ing stops immediately and the cutting tool remains in position.
To restart the program from a keyboard-generated emergency
stop, press Return on the keyboard. Select Run from the Main

Menu to begin the operation again.
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Stopping with a Limit Switch
The proLIGHT Machining Center is equipped with limit

switches to sense the end of travel. If the table travel exceeds
the end of travel on any axis, a limit switch is activated and

shuts down machine operation.

Once a limit switch is activated, the tool must be jogged
away from it using the Manual Control function of the Control
Program (see Section 3). To move the cross slide away from
the limit switch, you must jog it in the opposite direction.
Each axis has a positive and a negative limit. If a posizive limit
is hit, you must jog away from it in a negative direction. If a
negative limit is hit, you must jog away from it in a positive
direction. If both a positive and a negative limit are hit, you

can jog off them in any direction on any axis.

If the cross slide comes close enough to the end of travel
on any axis to activate a limit switch, the following proce-

dure must be followed to restore normal operation.
1. Select Manual Control from the Run Menu.

2. Press the appropriate jog key on the keyboard, or click
on the jog keypad, to move the cross slide away from

the triggered limit switch.
3. Press the ESC key to return to Edit Mode.

4. Check your initial machine set up to make sure it was

done correctly.
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— WARNING

Do not attempt to
operate the
proLIGHT Machining
Center without
reviewing all of the
safety precautions set
forth in Appendix C.

Tutorial

Running a Sample NC Program

There is a sample program, MILLONE.NC, on your proLI-
GHT master disk. When you installed the proLIGHT software it
should have been copied into the PLM2000 directory along
with the other files. This program is meant to machine a 3"x2"

piece of machinable wax.

Opening the Sample Program

1. Select Open from the File Menu.

Windows Sete

_|l.IrITITLEI.rl:|—h

— Outpmtz —
DEF O

SFMBLE =

ACC1

ACCZ

a4

auTs

OUTE

FI-FHDH | FE-HAH |F5-UER

{CILight Hachines Corp 1994

A dialog box appears with a list of the files in the
PLM2000 directory.

Dpen MC File: HILLDME.RC

Directory: C:sPLH2BOB

Files BirasDeiues
[..1
FMILLTEO MO LAl
REAMHE . C [Eil 1] §
ROTRRY . RO IC:1]
IFil
Gl
[H:1 cancel
[¥il
[Zi1]
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2. Select and open the MILLONENC file.

The NC program appears in the Edit window. The mes-

sage bar on the bottom of the screen shows you the num-

ber of blocks in the program and how much memory is

free.

[C: HZoEerHILLIME . BC )
M:THIS FILE FDR FLH- 2 HILL
H1:USE 37 % 2" MACHIRAELE WAk

L 3E3E1-8 . 599 ] _B190F1Z 8
-8_SE3ad-1_ 8198
TE_ 14011 . 152808 BoB0
o

FI3EE . EETO10 . 13 3IE_1018F1Z B
ah T
BElala. 8ogclo , 1678

5

HET

t
I
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To change the measurement
mode from millimeters to inch (or
vice versa) select Set Preferences
form the Setup Menu.

When the Preferences dialog box
opens, simply click on the
measurement mode you’d like to
use, then click on ok.

Tutorial

Performing a Dry Run of the Program

Before you run your part program for the first time, you
should perform a dry run (run the program with no stock
mounted) to make sure that all of the Machining Center
movements make sense and that the tool is in no danger of

striking any fixtures or crashing into the cross slide.

Begin with the spindle speed turned down. The vise or
other work holding device should be mounted to the cross
slide and the tool should be mounted in the spindle.

1. If MM appears in the Position window, select Set
Preferences from the Setup Menu and change the Units
to Inch.

Windows [EESTT

et Pozition

BE:THIS FILE FOR FLH-Z0B0
H1:USE 37 % 2" MACHIRAELE
[ P4

Zere Fozition

Set Joy Dist

F?
“E
Hole Fosition Fd
Fa
351 58ama3 Hetl Jog Feed Fia

i GBEE_ BhEE Set Run Hl:ttii: “R
Set Tonlz

NG ]  BaRey, 31498
et Orfsete

Set Limits
Coard . Systess

9338 EETAIE . 133008_1010FI1Z &

. BETE

. DElalg. BoBela . 167
i

Preferences

Startup Mode:
(4) Editor
C ) Manual Ctl.

Units:
(d) Inch
( ) Metric

[#]1 Enforce Soft Limits

[#] Lock Files When Opened
[#] Prompt to Save Machine State

cancel
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2. Select Manual Control from the Run Menu and jog the
spindle to the approximate X and Y zero points, then jog
to approximately the zero point of the Z axis. (See Sec-
tion 3 for instructions on using the Manual Control

oin Panel.)

The zero point of origin on the X,
Y, and Z axes.

To move the tool to the 0,0,0
point on the workpiece, first
select Manual Control from the Verify Frogram FS

Run Menu. : Run Prapgrasm  Fé
Estimwatle Bawm Time

8. 599501 _Sl9aFiZ &
a8
¥E_ 314011 . 152808 8c80
Fi=

-1BBaF4 .8
IS EETO10. 133008 1016F1Z 8

Click on the Jog Keypad with the File Exw Mindous 5
mouse or use the corresponding | Manual Cowtrend Pawel |
keys on the keyboard to move the ‘Hlnﬁ:—:;;nml. HHI;:EJ: ;I:n:t:u':':mx FOE TODL MOTIOR

tool. 03 (Cdatinious 85 4 ]
~ -
Jiny Feed  Distamce b & iz UPESE)
CIR<AINY CIRCHY
X 3I5._8a8 8. 8188 = = L#X)
¥i 3h.88 o, alo8
Zi 2B.Ba a.alos - 'h f-ts WAL -ED
- .
=%

(Shplndle Epuﬂ.l I Hit Space for Esercgeecy Stop I

_ Enpats ——————————————————— — Limits
INFUT1 [IMFUTZ [NFUT3 [INFUT4 [WFUTS [INFUTGE IMFUT? INWFUTA  X: ¥: Z:
LU LOu LOu LOu LOu LOu LOu LOu

|[F5-VER [Fa-RUM_[Fa-POS | Fl-G0TH| F9-JHGE | F 1
5 Elocks Free 1k

irp. 1994 2
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3. Select Set Position from the Setup Menu and set the X, Y
and Z positions to zero.

To set the position for all three File Edii Baum Windous [l

axes to zero, first select Set , Mnualm
e | Settimy Hit Zere Fosition

Position from the Setup Menu. Tt NCRERENTAL Goto Pozltion

Setl Jog Fesd F

Jog Feed DEstamce Set Run Settisgs
CIR-AIRY  CIRCHE Set Prefereeles

£ ¥m.E8 08,0108 el Tools -

Wi Ihm.E8 0.0108 et Oifassts

£ 2888 8.elea et Limits

Coord . Sysiems

|I:3:Ipindlc E-p:tdl Hit Space for Esergescy Stop

H!

L I E T A TTEL TR Setl Jog DEzt Fa
18

“R

—_———— Inputs ——————————————— — Limits —
INFUTL INFUTZ [IMFUT3 [NFUTH [INFUTS [NFUTE [IWFUT? INWFUTA  X: ¥: 2
LOu Lau LOu Lau LOu Lau LOu

When the Set Position dialog box — Set Position ———

appears, enter zero for each of
the axes, then click on Ok.

X: 0. 000000 Inches

Y: |0.000000 Inches
Z: |0.000000 Inches
ok cancel

4. Review the safety checklist in Appendix C of this guide.

Make sure that all of the safety guidelines have been
met.
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5. Select Run Program from the Run Menu.

W Tl i

4 Manual Cil. F4

Ju-= ettt iy
Cd) CIIHCR|  Werl ECTIONS FOE TOOL HOTIOA

€1 (Clomt
Estimatle Eul Tims &
Jog Feed '+l = UPLEED
(IR HIR) a
i 35.88 a.alo 0 = = (=X
¥i 35.88 a.aloa 3
Zi 28,88 a.ale DL -0

(2ipindle Epudl I Hit Space for Esergesty Stop I

On

_  lhpmts ———————————— * Limits
INFUTL [INPUTZ IMFUT3 [INPUT4 IMPUTS [INPUTE INFUT? INPUTH @ X: ¥: 2Z:
Lau Lou Lau Lau LM LOM LOu Lau

FI-HELY [F5-UER |F6-RUM | F7-P0S | Fa-GUTD |F3-J0GB F16-10GF
iFp. 1994 25 Blocks 2

198 ZTH Free 1 ZFH

7. A dialog box appears. The default starting block is block

zero, so just press Return.

T Run ———

Start Line: |0

0K cancel
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Tutorial

8. The Run Program screen appears and the program
pauses with the GO5 code in block N2. Press Return to
continue the program.

EEAgnE “Harns nge=

IREPINTE ILRPINTE LRPINT Y RPN
LR L % LR L %

Watch the Run Program screen and the Machining Cen-
ter motions while the program runs. Be prepared to press
the Space Bar or the Emergency Stop button on the Ma-
chining Center if necessary. If any errors occur, you must

stop the program, check your set up and dry-run it again.

IIIIIII*E

Inpats

IHFUT1 IHFMUTZ [IHFUTI IHFUTY IHPUTS IHAUTE THFUTY? IHFUTE i ¥Ws Zi
Lau Lau Lou Louw Loy Lo Lo Lod

F1-HELF |FZ-OFER|F3-FHON | F4-MAN | FS-UER |Fa-HIM_|F?-POS | Fil-G070 [F9-J6E [P
i 1

apsed ;o 0h Thiz Part:

Press Return to run the program.

9. When the program has been through a successful dry run,
press the Emergency Stop button.

10. Open the safety shield and mount the 3" x 2" machinable

wax stock.



CAUTION:

Allow the proLIGHT 2500 to
warm up before machining.
Run the spindle between
4200-6000 rpm (70-1T00Hz)
for ten minutes before
attempting higher spindle
speeds. Failure to allow the
machine to warm up may
result in premature bearing
failure.

Your finished part should look
similar to the part shown here.

Running the Program

Before executing the MILLONE.NC program, check that all
safety precautions have been taken. The Machining Center
safety shield should be in the upright position, and you
should be wearing safety glasses. If anything goes wrong,
immediately press the Space Bar on the computer keyboard,
or the Emergency Stop button on the Machining Center to
stop the operation. A safety checklist has been provided in
Appendix C of this guide. Post a copy of this checklist near
the Machining Center and review it before you run any NC

program.
To run the program:

1. After reviewing the Safety Checklist, select Run Program

from the Run Menu.

2. Make sure that zero is selected as the start block, and

press Return to begin running your program.

3. After the part is machined, press the Emergency Stop
button before opening the safety shield and removing the
finished part.
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Section 5: CNC Programming Codes

The Elements of an NC Part Program
Categories of NC Code

General Programming Suggestions
Linear Interpolation Programming
Circular Interpolation Programming
Rapid Traverse Programming
Canned Cycle Programming
Subprogram Programming

Polar Programming

Homing

Using Using Cutter Compensation
Using Scaling and Rotation Codes
Using Tool Length Offset Codes

Using Tool Offset Adjust Codes



5-2

The Elements of an NC Part Program

Part programs generally incorporate two types of instructions:
those which define the tool path (such as X, Y and Z axis
coordinates), and those which specify machine operations
(such as turning the spindle on or off). Each instruction is

coded in a form the computer can understand.

An NC program is composed of b/ocks (lines) of code. The
maximum number of blocks per program is limited by the
memory (RAM) on your computer. You can, if necessary,

chain programs together to form very large part programs.

Each block contains a string of words. An NC word is a code
made up of an alphabetic character (called an address char-
acter) and a number (called a parameter). There are many
categories of address characters used in NC part programs for
the proLIGHT Machining Center (see Categories of NC
Code).

Each block of NC code specifies the movement of the cut-
ting tool on the Machining Center and a variety of
conditions that support it. For example, a block of NC code
might read:

NOG90G01X.5Y1.5Z0F1

If the machine is currently set for inch units, the individual

words in this block translate as:

NO This is the block sequence number for the program.
Block 0 is the first block in the program.

G90 This indicates absolute coordinates are used to define

tool position.
GO01 This specifies linear interpolation.
X.5 This specifies the X axis destination position as 0.5".
Y1.5 This specifies the Y axis destination position as 1.5".

Z0 This specifies the Z axis destination position as 0".
The cutting tool will move to the absolute coordinate
position (0.5,1.5,0).

F1 This specifies a feed rate of 1 inch per minute, the
speed at which the tool will advance to the specified

coordinate points.
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CNC Programming Codes

Categories of NC Code

There are many categories of NC code used for
programming the proLIGHT Machining Center. Each
category is identified by an address character that has a
special meaning. Here is a list of the address characters
supported by the proLIGHT Machining Center (in order of

their appearance in a block).

/  Optional skip
\  Skip

X

Incremental arc centers (Fanuc)

Block number (for user reference only)
Subprogram starting block number
Preparatory codes

X axis motion coordinate

c ® O 0 Z

Incremental linear axis parallel to the X axis (for absolute dimen-
sioning)

Y axis motion coordinate

Incremental Y motion dimension for absolute dimensioning
Primary Z motion dimension

Incremental Z motion dimension for absolute dimensioning
A axis coordinate (see Rotary Positioner information in Section 6)
Arc center, X axis dimension (circular interpolation)

Arc center, Y axis dimension (circular interpolation)

Arc center, Z axis dimension (circular interpolation)

R~ = > g N <

Arc radius for circular interpolation, and drilling start loca-
tion

Peck depth for pecking cycle

Input selection number/Tool length offset

Compensation offset value

Loop counter for subprograms and program cycle counter
Feed rate in inches per minute, or dwell time in seconds
Spindle speed

Tool specification

Miscellaneous functions

Wz H® T E 9 TO

Subprogram reference number/Uniform scale multiplier

Comment (open parenthesis can also be used)

-
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Note: The optional skip (/) code
works only when the Optional
Skip parameter from the Run
Settings dialog box is on.

Note: More than one G code
from different groups can appear
in each NC block. However, you
may not place more than one G
code from the same group in the
same block.

5-4

$ Run program with absolute arc centers

Optional Skip (/)

The optional skip code allows you to optionally skip blocks
of code as the NC program executes. Make sure to activate the
Optional Skip parameter in the Run Settings dialog box, then
place a forward slash (/) in front of the block you want to
skip. With Optional Skip off, the slash is ignored and the
block of code is executed. With optional skip on, the slash is
recognized and the block of code is skipped. If you place a
number after the optional skip code, the program executes that

block every nth pass. For example: /5G28; Homes every fifth pass

Skip (\)

The skip code works like the optional skip, except that it
works even if the Optional Skip parameter from the Run Set-
tings dialog box is off.

Block Number (N Code)

The N code specifies the sequential number of the block in
the NC program. Using the N code is optional; however,
when you do use the N code, it must be the first character
of each block in the program. Select Renumber from the Edit

Menu to renumber and remove and N codes.

Subprogram Block Number (O Code)

The O code replaces the N code in a block when a subpro-
gram begins, and marks the start of a subprogram. On/y the
first block in the subprogram should contain an O code.

Preparatory Codes (G Codes)

G codes take effect before a motion is specified. They con-
tain information such as the type of cut to be made,
whether absolute or incremental dimensioning is being sup-
plied, whether to pause for operator intervention, and so

on.
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CNC Programming Codes

The G codes supported by the proLIGHT Control Program fall
into a number of groups: the Interpolation Group, the Units
Group, the Plane Selection Group, the Wait Group, the
Canned Cycles Group, the Programming Mode Group, the
Preset Position Group, the Compensation Functions Group,
the Coordinate System Group, the Feed Functions Group,

and the Polar Programming Group.

The Interpolation Group

These G codes are retained until superseded in the program by
another code from the same group. Four interpolation G codes

are supported:

G00 Rapid traverse
GO01 Linear interpolation (default)
GO02 Circular interpolation (clockwise)

G03 Circular interpolation (counterclockwise)

Units Group

There are two G codes to denote units of measure, G70 (inch)
and G71 (metric). These codes tell the Machining Center
which unit of measure you are using. They are placed at the
beginning of the program before any moves are made. Only
one of the two codes can be used per block. You can also
use the Fanuc equivalents, G20 (inch) and G21 (metric).

Plane Selection Group

This group of codes allows you to select different planes for
circular interpolation, rotation, and cutter compensation. G17 is
the proLIGHT Control Program default. The supported Plane

Selection Group codes are:

G17 Select the X, Y plane for circular interpolation. Use
this code if you are switching back to the X,Y plane af-
ter circular moves on the X, Z or Y, Z planes. The arc
center coordinates are given by I for the X axis and ]
for the Y axis.

G18 Select the X, Z plane for circular interpolation. Use this
code to perform circular interpolation on the X, Z

plane. The arc center coordinates are given by I for
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the X axis and K for the Z axis.

G19 Seclect the Y, Z plane for circular interpolation. Use this

code to perform circular interpolation on the Y, Z

— WARNING ——— plane. The arc center coordinates are given by J for
Do not use GO4 for the Y axis and K for the Z axis.
t09| changes in the Wiait Group
middle of a program;
use GO5 or M06 for Wait Group codes apply only to the block in which they ap-
this purpose. pear. Multiple Wait Group G codes should be placed on

several different lines. The supported Wait Group codes are:

G04 Dwell (wait): Equals the value of the time (F code) in
seconds (used primarily for robotic operations). G04
excludes motion commands with a new feed rate on
the same line (block).

GO05 Pause: Used for operator intervention.

G25 Wait until robot input goes high. Used in conjunction
with H code, which specifies the input number. Used

for robot synchronization.

G26 Wait until robot input goes low. Used in conjunction
with H code, which specifies the input number. Used

for robot synchronization.

G31 Linear move to specified coordinate. Stop short if
specified input goes High (if H is positive) or Low (if
H is negative). Move until an input is triggered or un-

til a coordinate is reached.

G131 Stop Z axis motion on input (INROB1 ON) during
digitizing. You should only use this code with Light
Machines’ digitizing package.

Canned Cycle Group

Canned cycle codes allow you to perform a number of tool
motions by specifying just one code. For detailed information
on using these codes, refer Canned Cycle Programming in
this section. Canned cycles are retained until superseded in
the program by another canned cycle code. These are the
canned cycle codes supported by the proLIGHT Machining

Center:
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CNC Programming Codes

G80 Canned cycle cancel.

G81 Canned cycle drilling.

G82 Canned cycle straight drilling with dwell.

G83 Canned cycle peck drilling.

G84 Canned cycle tapping.

G85 Canned cycle boring.

G86 Canned cycle boring with spindle off (dwell op-
tional).

G89 Canned cycle boring with dwell.

Programming Mode Group

Programming mode G codes tell the Machining Center
which programming mode to use; G90 for absolute, or G91
for incremental. These codes remain in effect until super-
seded by each other. The default code on program start up
is G90.

With absolute programming, all X, Y and Z coordinates are rela-
tive to the 0,0 point on the Machining Center. With
incremental programming, each motion to a new coordinate is

relative to the previous coordinate.

Preset Position Group

The preset position G codes move the tool to a predetermined
position. They apply only to the current programming block.
These are the preset position codes supported by the
proLIGHT Machining Center:

G27 Check reference point: Compares reported position

against zero to see if any position has been lost.

G28 Sect reference point: This code moves the machine to
its home position and sets the machine position to
0,0,0. The G28 code performs an automatic calibra-

tion of the axes.

G92 Preset position: This code works like the Set Position
function under the Setup Menu (see Section 3). The
X, Y and Z coordinates following a G92 code define

the new current position of the tool.

G98 Rapid move to initial tool position after canned cycle
complete (see Canned Cycle Programmingin this
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section.)

G99 Rapid move to point R (surface of material or other ref-

erence point) after canned cycle complete.

Compensation Functions Group

G39
G40
G41

G42

G43

G44

G45

G46

G47

G438

G49
G50
G51
G638
G69

Corner offset circular interpolation.
Cancels cutter compensation.

Left cutter compensation: Enables cutter compensa-

tion to the left of programmed tool path.

Right cutter compensation: Enables cutter compensa-

tion to the right of programmed tool path.

Tool length offset: Shifts Z axis in a positive direction
by a value specified by an H code.

Tool length offset: Shifts Z axis in a negative direc-
tion by a value specified by an H code.

Increases the movement amount by the value stored

in the offset value memory.

Decreases the movement amount by the value stored

in the offset value memory.

Increases the movement amount by twice the value

stored in the offset value memory.

Decreases the movement amount by twice the value

stored in the offset value memory.
Cancels tool length offsets.
Cancels scaling.

Invokes scaling.

Invokes rotation.

Cancels rotation.

Section 5



Note: Do not place absolute and
incremental commands in the
same block. For example:

G90X1V1

will not produce the expected
motions.

CNC Programming Codes

Coordinate System Group

Coordinate system codes allow you to create multiple parts by
establishing multiple coordinate systems on one work piece.
For instance, you can run a part program using a typical co-
ordinate system (with the point of origin on the surface of
the front left corner of the workpiece), then select another
coordinate system which has its origin at a different point

on the surface of the work piece.

There are seven coordinate system codes. One of these
codes (G53) is used to rapid to specified coordinates, while
the other six allow you to make up to six individual parts
on the same work piece by specifying different coordinate
systems for each part. The coordinate system codes are G54
(coordinate system 1), G55 (coordinate system 2), G56 (co-
ordinate system 3), G57 (coordinate system 4), G58
(coordinate system 5) and G59 (coordinate system 6). For a
more detailed explanation on using coordinate system

codes, refer to Section 3.

Polar Programming Group
These two codes, G15 and G16, allow you to perform op-

erations based on polar coordinates. The polar coordinates
are defined by X (radius) and Y (angle in degrees) when
programming for the X,Y plane. For more information on
using these G codes, refer to Polar Programming in this

section.
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Note: If no |, J or K code is
specified, the system assumes a
value of zero.

Note: Full circles (360° arcs)
cannot be performed with an R
code. Split the arc into two arcs
or use center point (I, J and K)
values for full 360° circles.

X Axis Coordinate (X or U Code)

An X code specifies the coordinate of the destination along
the X axis. The default measurement value is set using the Set
Preferences command under the Setup Menu (refer to Sec-
tion 3). You can use a U code while in absolute

dimensioning to specify an incremental X motion.

Y Axis Coordinate (Y or V Code)

An 'Y code specifies the coordinate of the destination along
the Y axis. The default measurement value is set using the Set
Preferences command under the Setup Menu (refer to Sec-
tion 3). You can use a V code while in absolute

dimensioning to specify an incremental Y motion.

Z Axis Coordinate (Z or W Code)

A Z code specifies the coordinate of the destination along
the Z axis (spindle axis). The default measurement value is
set using the Set Preferences command under the Setup
Menu. You can use a W code while in absolute dimension-

ing to specify an incremental Z motion.

A Axis Angular Dimension (A Code)

An A code specifies the coordinate of the destination (in de-
grees) along the A axis. This code is used only when

machining with a fourth axis (refer to Section 6).

X Axis Coordinate of Center Point (I Code)

The I code specifies the X axis distance from the start point of

motion to the center point of the arc for circular interpolation.

Y Axis Coordinate of Center Point (J Code)

The ] code specifies the Y axis distance from the start point of
motion to the center point of the circle for circular interpola-

tion.
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CAUTION:

Using multiple tools is an
advanced operation, and
should not be attempted by
persons unfamiliar with using
the proLIGHT Machining
Center.

CNC Programming Codes

Z Axis Coordinate of Center Point (K Code)

The K code specifies the Z axis distance from the start point of
motion to the center point of the circle for circular interpola-
tion.

Radius of Arc, Drilling Start Location (R Code)

As an alternative to using the center point of an arc (I,],K),
you can use the arc radius can. Use the same value for radius
in both absolute and incremental modes. G02 or GO03 specifies

the direction of motion.

Positive values for R (radius) are specified for arcs up to 180
degrees. Negative values are used for arcs greater than 180 de-

grees.

The R code is also used in all canned cycles to specify a
starting reference point for peck drilling. The point can be

at the material surface or at another reference point.

Peck Depth (Q Code)

The Q code is used in canned cycles to specify the depth of
each peck.

Input Selection Number (H Code)

Use the H code is in conjunction with the wait codes G25,
G26; the G31 code; the tool length offset codes (G43, G44);
and transmit codes M25 and M26 for interfacing with robots

or other external devices. The default value is H1.

Compensation Offset Value (D Code)

The D code specifies a number from the Control Program’s
Offset Table. This number has a corresponding value from
the table. Use the D code with cutter compensation and

tool offset adjust codes.



Note: All M codes used to turn
on a device, such as the spindle,
execute at the beginning of the
tool motion for that block of
NC code. All M codes used to
turn off a device execute after
the tool motion for that block is
completed. To avoid confusion,
it is sometimes easier to place
M codes in a separate block
from the motion commands.

Loop or Program Cycle Counter (L Code)

The L code is a loop counter for subprograms, as a program
cycle counter, and to specify tolerance with homing com-

mands and arc resolution.

Feed Rate (F Code)

An F code specifies the rate of speed at which the tool is

moved (feed rate) in inches per minute (ipm). You should
set the feed rate to a low value for cutting operations (for
example, F3 equals three inches per minute). You can as-
sign the feed rate a value up to 150 ipm. Feed rate values

are in millimeters per minute (mpm) when in metric mode.

Spindle Speed (S Code)

The S code is used to set the spindle speed from within the NC
program. Spindle speed is specified in a block of code by the
address character S followed by a parameter that represents
the speed in RPM’s. For example, S750 is the designation
for a spindle speed of 750 RPM’s.

Tool Selection (T Code)

T codes specify tool offset in multiple tool machining op-
erations. Tools are specified in a block of code by the

address character T followed by a parameter that represents
the number of the tool. For example, T3 is the designation

for tool number three.

Miscellaneous Codes (M Codes)

M codes control Machining Center functions while the part
program is running. They control the spindle On/Off switch,
and clamp or unclamp the air vise. M codes can also be
used to chain a second program to the end of a part pro-
gram, or to repeat the program. Only one M code can be
specified per NC block. These are the M codes supported
by the proLIGHT Machining Center:
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CNC Programming Codes

MO0

MoO1

MO02

MO03

MO05

MO6

M08

M09

M10

M11

M20

Pause: Allows you to place a pause in your code.
Acts like a GO5 pause.

Optional Stop: Allows you to place an optional stop in
your code. Place an MO1 in the block of code where
you would like to pause. With Optional Stop on, the
MO1 works like an M02 stop. With Optional Stop off,
the MO1 code is ignored, the other codes on the block

are executed as usual.

End of Program: Takes effect after all motion has
stopped; turns off drive motors, spindle and accessory
outlets.

Spindle Motor On: Activated concurrently with motion
specified in the program block; remains in effect until su-
perseded by MO5.

Spindle Motor Off: Activated after the motion specified
in the program block; remains in effect until superseded
by MO03.

Tool Change: Used in conjunction with a T code to
perform multiple tool operations. See Section 6.

ACCT On: Turns on accessory ACC1 outlet concur-
rently with the motion specified in the program block;
remains in effect until superseded by M09.

ACCT Off: Turns off accessory ACC1 outlet after the mo-

tion specified in the program block; remains in effect
until superseded by M08.

Clamp ACC2: Closes air vise accessory concurrently
with the motion specified in the program block; remains
in effect until superseded by M11.

Unclamp ACC2: Opens air vise accessory after the
motion specified in the program block; remains in effect
until superseded by M10.

Chain to Next Progran: This code appears at the end of
a part program and is followed on the next line by the
file name of another program which is executed when
all motion stops. Here’s an example of a part program

chain to another program: N37Z.2
N38M20
PROGRAM TWO

If the two programs you are chaining are not in the
same directory, you must specify the full path name for
each file. >13



M22

M25

M26

M30
M47

M98
M99

Write to file: Outputs machine coordinates to a file. The
proper format for using this code is: M22(f7/ename).
The first time the Control Program encounters an M22
code, it opens your specified file. You’re basically
naming the file as you create it. You must enclose the
name of the file in parentheses for the Control Pro-
gram to recognize it.

If the file name is followed by “,A” (e.g., test.nc,A),
the Control Program does not delete previous infor-
mation from the file, rather it appends the information
to the end of the existing information

If you use more than one M22, only the first occur-
rence must have the file name in the parentheses. The
remaining M22’s may have empty parentheses, ().

Set robot output on (High): Use for robot synchroniza-
tion. Used in conjunction with H code to specify
output number.

Set robot ontput off (Low): Use for robot synchroniza-
tion in conjunction with H code to specify output
number.

Program stop: Same as MO2.

Rewind: Restarts the currently running program; takes
effect after all motion comes to a stop.

Call to subprogram

Return from subprogram: Returns you to the block
following the initial M98 command.

Go to: Used with P code. P code defines N or O code des-
tination. Goes to first occurrence of N or O code within

the main program.

M111 Arc as Linear Segments: Causes the proLIGHT 2000 to

make arcs as linear segments. Use with Helical Inter-

polation.

M112 True Ares: Causes the proLIGHT 2000 to make true

arcs. Opposite of M111.

M122 Output current position to file: Writes current X, Y,

and Z position to a data file. Used with G131 for digi-
tizing with Light Machines’ digitizing package. Similar
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CNC Programming Codes

to M22.

Subprogram Reference Number (P Code)

The P code is used to reference a subprogram and immedi-
ately follows an M98 command. See Section 3 for more

detailed information.

Comments (; or ()

In addition to the other NC codes, the proLIGHT system al-
lows you to add commentsto your NC blocks. A semicolon
“;” or open parenthesis “(” at the end of an NC block indicates
that a comment follows. The comment must come after all
other NC codes in the block. Comments are ignored when

the part program is run.
Here is an example of an NC block with a comment:
X0Y0Z0;MOVE TO ZERO POINT

The comment tells us that the X, Y and Z codes in this

block command the cutting tool to move to the zero point
(coordinate 0,0,0).

Comments can be combined with the G05 pause code and
MOG6 tool change code to display messages to the operator
during program execution. Here is an example of an NC
block with a pause coded comment: MO6T2(INSTALL T2, 1/4"
END MILL

This NC block would cause a program pause with a mes-

sage to the operator to change the tool in the spindle.

Comments can be placed on a block without any NC codes
to document what is occurring within a program. NC program-

mers use these comments to annotate their programs.

Run Program with Absolute Arc Centers ( $)

The proLIGHT Machining Center interprets arc centers as incre-
mental values. If you place a dollar sign (§) at the beginning
of your NC program, the software will interpret arc centers
as absolute instead of incremental. The command only ap-

plies to the NC program in which you place it.



General Programming Suggestions

The following rules should be followed when writing NC part

programs.

1. The sequence of words (address characters plus param-
eters) in an NC block must appear in the following
order: /,N (0), G, X (U),Y (V), Z (W), A,1,],K, R, Q, H, L, F,
S, T, M, P, ;

A different order may cause unpredictable results.

2. In many cases, a word need not be repeated in the next

block (line). The system assumes no change in codes
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Typical Tool Movement Using
Linear Interpolation

CNC Programming Codes

unless a new code appears.

This does ot apply to: N words, I, ], and K, G04, GO5,
G25, G26, G92, F used for dwell, M02, M20, M25, M26,
M30, M47, M98 or M99.

3. You can use mote than one G code in a block; however,
you can use only one G code from any one group in a

single block.

4. N codes (sequence numbers) are not required in a part
program; however, they can be useful in identifying a

block when editing a long NC part program.

An O code is required to mark the beginning of a subpro-
gram and does not have to be in sequence with the N

codes.

5. The first instruction in a part program should move the tool

to the starting position. This makes restarts much easier.

6. The last block of a program should move the tool back

to the starting position. The tool will then be in position

+Y
End Point
1L (X.7, Y1.2)
ST Start Point
(X.5, Y.5)
| | P X
0,0 5 1

to start cutting another part.

7. Part programs should reference the zero point with Z0 at



the point where the tool just touches the work piece. This

convention allows for standardization of programming.
8. Before running an NC part program:

a.Look for the typical coding error that places two X

codes, two Y codes, or two Z codes in the same block.

b.Be sure that all required coordinates have been written

into appropriate blocks.

c. Verify the part program to discover any program et-
rofrs.

d.Run the part program without mounting stock in the Ma-

G02 (CW) and GO03 (CCW)
Cutting Paths

Start Point Start Point

CW Tool Motion CCW Tool Motion

End Point End Point

chining Center to see if the tool movements are logical.

9. The first portion of a part program should turn on the
spindle and establish the feed rate.

10.M codes should be placed on separate blocks to avoid con-
fusion over whether an M code is activated during or

after a motion command.

11.Double-check all program blocks against your coding

sheet to locate and correct typographical errors.

Linear Interpolation Programming

Linear interpolation is the movement of the tool in a straight

line from its current position to a coordinate location specified
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Typical Tool Movement Using
Circular Interpolation

CNC Programming Codes

by an NC block. Here’s a typical block of NC code using lin-

End Point
(0,1)

1.0
Tool Path
0.5
Start Point
| (1,0)
I
Center
Point 0.5 1.0

ear interpolation:  N5G90G01X.7Y1.2F2
Broken down into individual words:

N5 The block sequence number is 5
G90 Coordinates are given using absolute dimensioning
GO01 Linear interpolation is specified
7
¥1.2 Y axis coordinate of end point = 1.2

X.7 X axis coordinate of end point

F2 Feed rate is 2 inches per minute

The GO1 code /s required when switching from circular
interpolation or rapid traverse positioning back to linear
interpolation. If we assume the current position of the tool is
X.5,Y.5, the tool movement generated by the above block
is something like this:

An equivalent movement can be achieved with incremental
dimensioning (G91): N5G91G01X.2Y.7F2

Circular Interpolation Programming

Circular interpolation moves the cutting tool along an arc
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Note: The Control Program
automatically switches to M111
when it encounters helical
interpolation.

In the example program above,
the tool plunges into the
workpiece then makes the helical
interpolation move to the back
corner of the stock (X0Y2Z0).

Here the movement is shown in
Front View

Here the movement is shown in
Isometric View

5-20

from the starting point specified in one block, to an end point
specified in the next block. The curvature of motion is de-
termined by the location of the center point (I, J, or K),
which must also be specified in the second NC block.

The direction of rotation from the starting point determines
the actual shape of the arc relative to the spindle axis. A G02
code moves the tool in a clockwise (CW) motion from the
starting point. A G03 code moves the tool in a counterclock-
wise (CCW) motion from the starting point.

Here are two typical blocks of NC code using circular

interpolation:

N9G90X1YO0;SET START POINT
N10G03X0Y11-1JOF2;COUNTERCLOCKWISE TO X0,Y1

The first block defines the starting point. The second block
defines the end point and the center of the arc. Broken down

into individual words, the second block reads:

N10 Thehlocl connanca anan haw ic 10
G03 Tt
fre

ise direction

) coordi-
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CNC Programming Codes

nates; center point of arc is specified by (I, J) coordi-
nates

X1 X axis coordinate of end point = 0

Y0 Y axis coordinate of end point =1

I-1 I coordinate of center point of arc = -1

[l
-

JO | coordinate of center point of arc

F2 Feed rate is 2 inches per minute

The tool path generated by the preceding block is something

ike this:

n equivalent movement can be achieved with incremental
imensioning (G91): N9G91X1YOQ;SET START POINT
N10G03X-1Y1I-1JOF2

In this NC block, the X and Y values are the distance the
tool is to move from its current position. In both cases, the I
and ] values are equal to the X and Y distance from the start

point to the center point.

Circular Interpolation on Other Planes

To perform circular interpolation on a plane other than the
X, Y plane, use a G18 code to select the X, Z plane, or use
a G19 code to select the Y, Z plane. This feature is rarely
used in manual part programming, but may be used by CAM
systems to generate surfaces of revolution. The G17 code is
used to return to the X, Y plane. An example of circular in-
terpolation on the X, Z plane is:

N9X0Z0
N10G90G18G03X0Z1I0K.5F2

In this NC block, the X and Z values are the destination posi-
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tion of the tool. The I and K values are the incremental lo-

cation of the center point of the curvature of motion.

Helical Interpolation Programming

Helical interpolation is performed when the axis not used in
circular interpolation is commanded to move. For example
(assuming a start point of 0,0,0): NT0G90G03X0Y1Z110J.5F2

This block would cause the Z axis to move at a constant
feed to Z1 while the X and Y axes move in a circular path, re-
sulting in a helical motion. Helical interpolation works with

circular motion on the X,Z and Y,Z planes as well.

Here is an example of an NC program using helical interpola-
tion.

G90M03S1500

G0X0Y0z0.070

GoX2Y2

G1Z-0.5F10

G02X0Y2Z0I-1JOF10

MO02

Rapid Traverse Programming

On the proLIGHT Machining Center, the rapid traverse code
(G00) can move the tool at the maximum available feed rate
(150 ipm) to specified coordinates. Rapid traverse is used to
reposition the tool before ending a program, or in prepara-

tion for the next cut.

WARNING

The tool should not be engaged in a cutting
operation while traversing to a new location!
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If we specified a G99 here instead
of a G98, the tool would rapid to
point R instead of the initial point.

CNC Programming Codes

Rapid traverse can be used for all tool positioning motions.
This will reduce the run time for the part program. The G00
code remains in effect until linear (GO01) or circular (G02,
GO03) interpolation is again specified. Linear or circular in-
terpolation resumes at the feed rate last specified prior to
the rapid traverse motion(s) unless you specify a new feed

rate.

Here’s a sequence of typical NC blocks using rapid traverse:
G90GO01X1F2; MOVE IN A STRAIGHT LINE TO X =1 AT 2 IPM
G00X2; RAPID TRAVERSE TO X=2

X3; RAPID TRAVERSE TO X=3

G01X4; MOVE IN A STRAIGHT LINE TO X=4 AT 2 IPM

Initial Point

O———P0
A

PointR O

PointZ O

Canned Cycle Programming

Canned cycle commands allow you to put many tool move-
ments together in one code instead of using many codes.
Canned cycles are typically used for repetitive operations to

reduce the amount of data required in an NC program.

The proLIGHT Machining Center recognizes the following

canned cycles codes:
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If we used a G99 with the G82
instead of a G98, the tool would

rapid to point R instead of the
initial point.

5-24

G80
G81
G82
G83
G84
G385
G386
G389

codes:

G98

G99
K Code

P Code
Q Code

R Code

Canned cycle cancel

Straight drilling

Straight drilling with dwell at bottom

Peck drilling

Tapping cycle

Boring cycle

Boring cycle with spindle off (dwell optional)
Boring cycle with dwell

These codes are used in conjunction with canned cycle

Initial Point

A

Point R O

Point Z O

Rapid to initial position after canned cycle com-

plete; this is the system default
Rapid to point R after canned cycle complete

Specifies the number of repeats. The default is
1. When K=0, drilling data is stored.

Specifies the length of dwell time in seconds.

Specifies the depth of cut. In peck drilling each
peck uses the same Q value. The Q value is al-
ways positive. If a negative value is specified, it is

converted to a positive value.

Used for specifying a starting reference point for

peck drilling. The point can be at the material sur-
Section 5



G99 returns the tool to point R.
Use G98 with the G83 to return
the tool to the initial point at the
end of the canned cycle.

Initial Point
O ,,,,,,,,,,,,,,,,,,,,,,,,,,,

! Point R
+ A A A oint
Q
T o
i i
Q
: v o
i i
Q
* v Point Z
face or at another reference point.

Using G80

To cancel a canned cycle, use the G80 code. This code can-
cels the currently running canned cycle and resumes normal
operation. All other drilling data is canceled as well. You
can also cancel canned cycles by using a GO0 or GO1 code;
a G80 is automatically performed before the GO0 or GO1.

Using G381

The G81 code performs straight drilling operations. By specify-

CNC Programming Codes 5-25



If G99 were specified instead of
G938, the tool would not rapid
back to the initial point. It would
remain at point R.

If a dwell is not specified
(P code not used), a GO5
pause is executed after
the spindle stops at the
bottom of the hole.
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ing an R value of zero, the tool will return to the initial point

after drilling to point Z. Here is a sample G81 program.
GOX1Y1Z.1;RAPID TO 1, 1, .1

G81G98Z-.5R0F2;DRILL TO DEPTH OF -.5, RAPID TO INITIAL POINT
G80;CANCEL CANNED CYCLE

M2;END PROGRAM

This program will generate tool motions similar to this:

More than one canned cycle can be accomplished by speci-

fying only X and Y coordinates. For example:

GOX1Y1Z.1;RAPID TO 1, 1, .1

Initial Point

A

Point R O A

Point Z O

G81G98Z-.5R0F2;DRILL TO DEPTH OF -.5, RAPID TO INITIAL POINT
X.5Y1;PECK AT NEW X,Y COORDINATES

X.25Y1;PECK AT NEW X,Y COORDINATES

G80;CANCEL CANNED CYCLE

M2;END PROGRAM

Using G382

A G82 works just like a G81, except it is used when you
wish to incorporate a dwell (P code) at the bottom of the
hole (point Z). A block of code utilizing the G82 and P

code, and the tool motion it creates are shown below.

GOX1Y1Z.1;RAPID TO 1, 1, .1
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If G99 were used with the G86,
the tool would not rapid back to
the initial point. It would go to
point R.

CNC Programming Codes

Initial Point

A

Point R

Point Z (O  Spindle Stops
® Optional Dwell

G82G98Z-.5R0P5F2;DRILL TO DEPTH OF -.5, RAPID TO INITIAL
POINT AFTER A DWELL OF FIVE SECONDS

G80;CANCEL CANNED CYCLE
M2;END PROGRAM

Using G83

The G83 code is used for peck drilling cycles. By adding a
Q depth to the code block, you can specify drilling incre-
ments. For instance, the following code will peck drill to a
depth of -.5 in .lrincrements. The tool will rapid back to
point R after each peck drill. Also, before each peck the tool
will rapid to .005 (.13mm) above the start point.

Initial Point

OO
A

PointR O |

Point Z O
P Dwell Point
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Note: The L code is also used
as a program cycle counter.
For instance, if the last block
of NC code in your program
is M47L10, the program
executes ten times. After the
tenth time, the computer
ignores the rewind and runs
the remainder of the program.

Note: You can also perform an
M99P"block number" at the end
of the subprogram. This returns
to the main program at the
specified block. It’s like a return
with a go to.
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GOX1Y1Z.1;RAPID TO 1, 1, .1

G83G99Z-.5R0Q.1F3;PECK DRILL TO DEPTH OF -.5, RAPID TO R
G80;CANCEL CANNED CYCLE

M2;END PROGRAM

Using G384

A G84 is used for tapping threads. You specify the depth of
the tapped hole. When the tap reaches that depth, it is
pulled out in at a rate 1.6 times the rate of insertion (60%
faster). The G84 tells the computer to calculate the inser-
tion/extraction ratio. You must use a tapping head with a
reversing mechanism when using G84.

GOX1Y1Z.1;RAPID TO 1, 1, .1

G84G98Z-.5R0F2;TAP TO DEPTH OF -.5, RAPID TO INITIAL POINT
G80;CANCEL CANNED CYCLE

M2;END PROGRAM

Using G385

A GB85 specifies a boring cycle. After the tool plunges, it re-
tracts at the same feed to point R. This sometimes gives a
better surface finish on the hole. Then the tool rapids to the
initial point.

GOX1Y1Z.1;RAPID TO 1, 1, .1

G85G98Z-.5R0F2;BORE TO DEPTH OF -.5, RAPID TO INITIAL POINT
FROM POINT R

G80;CANCEL CANNED CYCLE
M2;END PROGRAM

Using G86

A G86 works like a G82 except the spindle stops at the bot-
tom of the hole. The dwell (optional) allows the spindle to
come to a complete stop before the tool rapids back to the
initial point.

GOX1Y1Z.1;RAPID TO 1, 1, .1
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G86G98Z-.5R0P5F2;DRILL TO DEPTH OF -.5, SHUT OFF SPINDLE,
RAPID TO INITIAL POINT AFTER A DWELL OF FIVE SECONDS

G80;CANCEL CANNED CYCLE
M2;END PROGRAM

Using G389

The M98 calls the subprogram The G89 code works like the G85 except it utilizes a dwell

that begins on block O1000 at the bottom of the hole.
(referenced by P1000) and tells

it to repeat five times. GO0X1Y1Z.1;RAPID TO 1, 1, .1

G89G98Z-.5R0P5F2;BORE TO DEPTH OF -.5, PAUSE FOR FIVE
SECONDS THEN RAPID OUT FROM POINT R

G80;CANCEL CANNED CYCLE
M2;END PROGRAM

Subprogram Programming

Subprograms are used to execute repetitive routines in an NC
program. Since a subprogram can be called again and again,
you don’t have to enter the same data more than once. This is
especially useful if the machining operation you wish to re-
peat is lengthy or complex. The NC codes used for
subprogramming on the proLIGHT Machining Center are:

M98 Call to subprogram.
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M99 Return from subprogram.

P Code The P code is used to reference the first block of
the subprogram (which begins with an O code).
The P code immediately follows an M98.

L Code The L code is used as a loop counter when used
in sub-programming. The computer executes the
subprogram as many times as defined by the L
code. For instance, if the code L5, the subprogram is

executed five times. (optional)

O Code The O code replaces the N code on the first block

of a subprogram.

A subprogram is ca//ed by an M98 and a P code. When an
M98 calls the subprogram, the main program is interrupted

while the subprogram is executed.

The P code references the subprogram’s address (the first
block of the subprogram). The first block of the subprogram

uses an O code instead of an N code for block numbering.

When the M99 is executed, the main portion of the NC pro-
gram continues to execute from the block after the

subprogram was called.

Subprograms can also be nested within other subprograms.
This means that while a subprogram is being executed, it
can call another subprogram. Subprograms can be nested

up to 20 levels deep.

A Sample NC Subprogram

Go05

M03S1000

; SAMPLE OF SUBPROGRAM

; USE 7.25 X 3.00 STOCK FOR VERIFY

G0X1Y1Z.1; RAPID TO 1, 1, 1

M98P1000L4; RUN SUBPROGRAM 1000 FIVE TIMES
G90G0X0Y0Z.1

M2; END OF MAIN PROGRAM

01000; SUBPROGRAM TO MILL SQUARE AND MOVE TO NEXT
POINT

G90G1Z-.1F2; PLUNGE AT CURRENT LOCATION
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G28 sets a machine reference
point, similar to the “set reference
point” button in the “Setup/Select
Offsets” dialogue box from the
Setup Menu.

CNC Programming Codes

X1F5; FIRST MOVE, FEED RATE 5

Y1; SECOND MOVE

X-1; THIRD MOVE

Y-1; FOURTH MOVE

G90G0Z.1; RAPID UP ABOVE WORK

G91X1.5; RAPID TO START OF NEXT SQUARE
M99; RETURN FROM SUBPROGRAM

Polar Programming

Using polar coordinates allows you to specify a radius and
an angle by specifying a G16 code (polar programming on),
then X and Y codes. The X code specifies the radius. The Y
code specifies the angle in degrees. A G15 is used to cancel
the polar programming mode. This programming method

can be used in both absolute and incremental programming.

Polar programming is especially useful when writing pro-
grams for machining bolt holes. An L code can be used as a

multiplier for the angle value. For instance, this bit of code:

G0X0Y0z0.07
MO03

G16
G91X2Y0
M98P1L12
M2

01Y30
G81Z-.1R0O
G80

M99

combines the use of polar programming with a canned
cycle and a subprogram to drill a hole at 30° increments.

The L value was determined by dividing 360 degrees by 30.

You can also cut an arc using code similar to:

G16
G91X2Y0
M98P1L360
G15

M2
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Note: The 4th axis is not
included in reference point
related functions. Because the
4th axis has no limit or index
switches, there is no way to
determine a specific reference
location.

5-32

O1Y1
M99

In polar programming, the center point is the origin if you
specify G90 and the radius (X code). The center point is the
current center if you specify only the angle (X and Y codes).
The center point is the current point if you specify G91 and
the radius (X code).

Using the Homing Commands

The Homing commands allow you to establish a point of ori-
gin at the ends of travel on the Machining Center. The
Machining Center then uses this point as a reference for all
machine coordinate movements. The Machining Center can
then move consistently to the same location when pro-

grammed to do so.

Using G238

The G28 code “homes” the machine: it moves the Machining
Center’s spindle, cross slide, and saddle to the ends of travel
along each axis and sets the Machine Coordinate System to
(0,0,0). This zero point is located at the positive limits of the
Y and Z axes, and the negative limit of the X axis. Use G28
to automatically initialize the machine every time it’s turned
on. See the sample NC program below for one use of the
G28 code.

Using G28 in an NC Program

Here is an example of an NC program using Homing Com-

mands (the Homing Commands and related commands are
in bold):

G28; HOMING THE MACHINE

M3S1000; SPINDLE MOTOR ON SPEED 1000
G54; USE COORDINATE SYSTEM ONE
G0X0Y0z0; RAPID TO 0,0,0

G1z-0.070F5; CUTTING THE PIECE
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In block N1, the tool moves from
its current point to the intermediate
point, then to the reference point.

In block N2, the tool moves from
the reference point, through the
intermediate point, to the new
point established by the G29 code.

CNC Programming Codes

G1X3
G1Y4.25
G1X0

YO

G020.070

M2

The G28 Code homes the machine and sets the Machine Coot-
dinates and World Coordinates to zero. Use a G27 if you

want to check the home position, but do not want to set

that position to zero.

The G54 calls up coordinate system one, which contains the

offset values relative to the machine’s home position. These

are the values you entered for coordinate system one in the
Offset from Machine Zero dialog box under the Set Coordi-

nates dialog box. The coordinates in the Position Window on

the screen cRange to the coordinates of coordinate system

one.

The next lin

(0,0)

A

 (GOX0YO0Z0) calls Rﬁtleé'eﬂfga‘ﬂ'i‘fé:a%‘“perform

Intermediate Point (2,2)

G29 Point (4,1)

> +X
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IMPORTANT:

The Offset Table you use for
Cutter Compensation D values is
the same table you use for Tool
Offset Adjust D values and Tool
Length Offset H values.

5-34

a rapid traverse motion from the Home position to point

0,0,0 in coordinate system one.

The remaining lines of code instruct the machine to cut a

square in a piece of stock.

Using G28 Before Setting Soft Limits

Remember, Soft Limits are based on Machine Coordinates.
You should only enable Soft Limits after you have set the ma-
chine to the Home position using a G28 command.
Otherwise, the Machine Coordinate system origin remains as
it was the last time the machine was turned on, and the soft
limits you have set will not be correct for this coordinate

system.

Using G27

After you have set a reference point (using either the Set
Reference Point button in the Setup Coord. System dialog
box or a G28 code, you can use the G27 code to check the ac-

G41 G42

Tool Tool

Compensated Tool Path 4— —»- Compensated Tool Path

(Left) i i (Right)
Programmed Tool Path Programmed Tool Path

tual machine position against the expected machine position.
This command causes the machine to perform a homing-like
function, moving each axis independently from its current po-

sition to the reference point. The Control Program then
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Cutter compensation mode
begins when the following are
met:

e A G41 or G42 code is
commanded.

e The specified offset number is
not O.

e A move in any of the axes in

the offset plane is commanded.

The move is not 0.

e No arc commands are
commanded in the start up
block.

1. This is the programmed tool
path before cutter compensation
is enabled. The tool sits at the
start point waiting for the first
motion command.

CNC Programming Codes

compares the current position to the one set by the G28. If
the deviation is larger than a threshold you can specify in the
SETUP file, the Control Program reports an error is after all

axes are checked. If there is no deviation, the program con-

tinues.

G27 also takes an optional position specified by XYZ. This po-
sition is called the intermediate position. You do not need
to specify all axes for the intermediate point, but for each
axis that you specify the current coordinate for the interme-
diate point is updated to that value. Only axes that have
specified coordinates move when you specify an intermedi-
ate point. For example, if the first intermediate point
commanded is G27Z.6, the intermediate point motion is
only to move the Z axis to .6. The machine first moves to the
current intermediate point at rapid traverse, then performs

the reference point check.

Using G29

The G29 code moves the tool at a rapid traverse rate to a co-

>

Segment 3

P2 P3

Segment 4
P4

A Segment 2 Segment 5 '

P5

P1

Tool

Start Point
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2. Because segment 1 begins before
cutter compensation is enabled, the
start point of segment 1 is on the
original tool path. When cutter
compensation is enabled, the
Control Program creates Offset
Vectors perpendicular to each
segment of the programmed tool
path to determine the compensated
tool path.

Point A" is located at the intersection
of the Offset Vector of segment 2
and a point offset by the value of D
on the Offset Vector of segment 1.
Point A is located on a path
parallel to the tool path, offset by
the value of D.

Before beginning each motion, the
Control Program looks ahead to the
next motion in the NC code to
determine the compensated end
point of the first motion.

Using this method, the Control
Program determines that point A is
the end point of the first motion.
The tool moves to point A on the
compensated tool path.

3. The tool moves to the end point
of segment 2 (point B) on the
compensated tool path. Point B is
the intersection of lines drawn
perpendicular to the Offset Vectors
of segments 2 and 3 with an offset
value of D from the programmed
tool path.

5-36

P2 Segment 3 P3
Segment 4
P4
A ASegmentZ Segment5v
i ID1
Aie A" | Offset Vector (Segment 2) PS5
P1 Offset Vector (Segment 1)
Offset Vector ;
(Segment 1 Segment 1
Tool
Start Point
Offset Vector
B, . (Segmentd) >
D1
Segment 3 P3
Segment 4
P4
Segment 5'
i ID1
As. AL Offset Vector (Segment 2) P5
Py Offset Vector (Segment 1)
Offset Vector .
(Segment 1) i/ /'Segment 1
Start Point
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4. The tool moves to the end point

of segment 3 (point C), which is

located at the intersection of lines
drawn perpendicular to the Offset
Vectors of segments 3 and 4 with an

offset value of D. The tool then

begins travel towards point D, the

end point of segment 4.

5. The tool moves to the end point

of segment 5 (point E) on the

compensated tool path. Point E is a
point on the compensated path. (See
Canceling Cutter Compensation in
this section for more information.)

CNC Programming Codes

Offset Vector
B (Segment 3)

Offset Vector

Tool

P2

'Start Point

Segment 3 P3
Segment 4 A “QD
P4 i
Segment 5'
P5
Offset Vector

- (Segment3) ¢

Segment 3

Segment 4




ordinate specified by XYZ. If you have set an intermediate

point on one or more axes, the machine first rapids from the
Note: When specifying an 1)K

vector, you must include the G41 o o .
or G42 code on the same line. the specified destination. If you command a G29 code in In-

current position to the intermediate point then continues to

cremental mode, your specified XYZ point is relative to the
intermediate point. If you have not specified an intermedi-
ate point, your specified XYZ point is relative to the current
position. Use the G29 code after a G28 command to return the
tool to a position closer to the part. The example below
shows the use of a G28 code and a G29 code.

Normal Offset New Offset Vector New Direction

B,......yector (Segment 3) Vector (1)
Offset Vector > Offset Vector
(Segment 2) P2 P3 (Segment 4)

Segment 3
A A Segment 2 Segment4'
L (D1=.25)
P4
A
| P1

Segment 1

N1G28X2Y2Z-1; INTERMEDIATE POINT THEN HOME
N2G29X4Y1Z1; GO TO G29 POINT
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Using Cutter Compensation

Cutter compensation automatically adjusts the proLIGHT

2000 to compensate for variations in a cutting tool’s radius. It

. | I
Note: You cannot assign a value | Dibfsante

to offset number 0. The offset
value for offset number 0 is
always zero.

Offsets

Offset:|B.250

—

ok cancel

W=1m e WM =3

t

uses values from the Offset Table (tool radius values) to deter-
mine the compensation offset value. Use the following codes

for cutter compensation:

G39 Inserts an arc at the corner of compensated

path
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G40 Cancels cutter compensation

G41 Invokes left cutter compensation
G42 Invokes right cutter compensation
D Compensation offset value (Tool Radius Value)

Determine left and right cutter compensation in relation to
the direction of the tool path. Use left compensation when
you need to move the tool to the left of the programmed
tool path. Use right compensation when you need to move

the tool to the right of the programmed tool path.

Select compensation offset values for D from the Offset
Table. You can store 200 offset values in the table. Remem-
ber, however, that these offset values are the same values

you use for adjusting tool length offsets.

---------------- <C
------------- o
. : D3=.03
In this example: E
D1=.01 > i Offset Vector
D3=.03 I
A A | Y
D1=.01i— s
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Starting Cutter Compensation (G41/G42)

You can start cutter compensation by inserting a G41 (for
left compensation) or G42 (for right compensation) into your
NC program.

In the example below, left cutter compensation is enabled
and the compensation value is equal to offset value 1 from the
Offset Table.

GOX0YO

G91; INCREMENTAL

G41D1; CUTTER COMP ON

G1X.25Y.25; MOVE TO P1

G1X0Y1; MOVE TO P2

G1X.75Y0; MOVE TO P3

G1X.25Y-.25; MOVE TO P4

> D1
N}

4=
i

D1i— D1i—

G1X0Y-.75; MOVE TO P5

The following illustrations show how the Control Program
constructs the compensated tool path for the NC code

above:
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Cutter Compensation with IJK Vectors

Any G41 or G42 command can include an IJK vector, which
defines the end point direction vector and the end point off-
set vector. For example, if, for segment 3 of the previous

illustration, we had specified

G41X.7511J1

rather than just

X.75,

the compensated tool path would look like this:

The IJK Vector represents an incremental direction (the
length of the vector is not important. For example,

[1]2<=>13]J6. By default, the end direction vector is tangent

to the segment.

Default Offset Vector
Tool
Q __________________ R | Default Endpoint
E Xov7) P> Offset Vector
: Direction
i (01) (IJK) Vector

A A A

Start point
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G91G41D1

X.25

Y-.25

Z.2; RETRACT
G40; OR DO
X-.5Y-.25

M2

CNC Programming Codes

Setting Cutter Compensation Offsets (D)

Select Set Offsets from the Setup Menu to set the value for
D (the cutter compensation offset value). The following dialog

box appears:

Select an offset number or set the offset value in the Offset
Box. To set the offset value, double-click on an offset number
from the scrolling Offset window. A check marks appears to
the left of the offset number. Enter the offset value in the
Offset Box.

Changing Offset Values

You can change the D numbers that represent values from the

Offset Table while in cutter compensation. For example:
N1Go1

N2G41D1X.25Y.25

N3Y.25

N4X.25D3; USE OFFSET #3

N5Y-.25

Center of compensated tool path

Center of
programmed tool path

Tool travels to
programmed path

Start point
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In this example, the D number changes from 1 to 3 in line
N4. Because the value of D3 is greater than the value of D1,
the compensated path moves farther away from the pro-

grammed path and is at the new D value by the time the

G91G41D1 Center of compensated tool path
presnnee s |

X.25
Y-.25

A \f
Z.2;RETRACT :
G40X-.5Y-.25

H Center of
M2 programmed tool path

£ N G40

______________ Tool travels along compensated
........... path towards X-.5Y-.25
4 x-5Y-25 Tool
Start point

tool reaches point C.

Changing Offset Sides

G91G41D1 Center of compensated tool path ) )
You can change-the-side-#f-compensation sides during cut-

ter compensatipnyForexampte;yoq cain start cutter

X.25 compensation ito the left then change to the right while in
Y-.25
7.2; RETRACT A Y
G40X-.5Y-.251-.5J-.25 :
M2 Center of

: programmed tool path :

| & Default end point

1J Vecto

------------ Normal vector to IJK

Start point
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CAUTION:

Using a P Code to scale an
entire piece may affect the Z
axis, which may affect your
programmed depths of cuts.
Use caution when performing
scaling operations.

CNC Programming Codes

cutter compensation:

Go1

G41D1X.25Y.25; LEFT CC ON
Y.25

G42X.25; RIGHT CC ON
Y-.25

In this example, left cutter compensation is on at point A,
but right cutter compensation begins as the tool moves to-
wards point B. In this case, the offset value (D) is the same

for both left and right cutter compensation.

The same situation would occur if you made the offset value
negative. For the example above, changing the D value from

.01 to -.01 would produce the same result as changing from
G41 to G42.

Using Corner Offset Circular Interpolation (G39)

The G39 code inserts an arc at the corner of a cutter com-
pensated tool path. The G39 instructs the cutter
compensation function to complete the current segment by
moving to its default endpoint (the endpoint of the Offset
Vector). It then creates an arc (with a radius equal to the
offset value), starting at the buffered segment’s default end-
point, and ending at the endpoint of the offset vector (IJ).
Here is an example of an NC program using G39:

G91

G41D1...

Y.25
X.25
G3910J-1; CORNER OFFSET

Canceling Cutter Compensation

Use the G40 code to cancel cutter compensation. G40 is ef-

fective for only one move. There are six ways to cancel cutter
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In this example, a uniform
scaling factor for all axes
produces a shape scaled from

the original.

Note: If you do not specify any compensation.
of the coordinates for the scaling

center, the current position for 1. G40

unspecified axes becomes the

scaling center coordinate. G40XYZ

2

3. G40XYZIJK

4. DO

5. DOXYZ

6. G41/42DOXYZIJK

In cases 4 through 6 above, setting the offset number to

zero is the same as cancelling cutter compensation.

Cases1and 4

In case 1 the G40 code cancels cutter compensation. The
cutter moves from the offset path to the programmed end
point. The same occurs in case 4, where you set the D

value to zero.

Cases2and 5
In cases 2 and 5, the G40 (or the DO) cancels the cutter

compensation, but a subsequent motion is included in the
program. The tool moves towards the programmed path in
the direction of X-.5Y-.25.
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CAUTION:

Performing Z axis mirroring is
an advanced operation. Use
extreme caution when
machining negative Z values.

In this example, different
scaling factors for the X and Y
axes produce a shape similar to
the one shown on the right.

When an arc is scaled differently
in the two plane axes (X and Y
in G17), an ellipse results.
Because the Control Program
cannot construct ellipses, it
interprets the shape as an arc
followed by a line segment
move to the desired end point.
The Control Program determines
the arc by using the smaller of
the two scale factors to
determine its radius.

CNC Programming Codes

Cases3and 6

In these cases an IJK vector specifies the direction of move-

ment after cutter compensation is cancelled.

Using Scaling and Rotation Codes

Scaling codes and rotating codes can be used separately or
they can be combined. Each of these functions is described
in the following paragraphs.

Scaling

Use the scaling codes to scale one or more axes of a part from
a fixed scaling origin. You can scale the entire piece uni-
formly, or set different scaling factors for each axis. Use the

following codes for scaling:
G50 Cancels scaling
G51 Invokes scaling

P Uniform scale multiplier

E, W

gl Etww Fauzse at Floo
BEA"ra "Bt T R i TR
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Note: If you do not specify a scale
factor for an axis, the value of that
axis defaults to a factor of 1

In this example, negative | and
) values create a mirror image
of the original shape.

5-48

Uniform Scaling

Use a P Code to scale an entire piece uniformly along each
axis. When you specify a value for P, subsequent motions
are scaled by that value, starting from the scaling center.
The Control Program measures the distance from the scaling
center to the start and end points of the shape, then multi-
plies those values by the P value.
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The NC program below creates a half-circle then scales those
motions by two to create a larger, uniformly-scaled half-
circle (the scaling codes are in bold print):

N0GO0Z.5

N1X1Y1.5

N2G1Z-.1F10

N3G2Y.5J-.5

N4G0Z1

N5G51X1Y1Z0P2; SUBSEQUENT MOTIONS SCALED BY 2
N6G0Z.5

N7X1Y1.5

N8G1Z-.1F10

N9G2Y.5J-.5

N10G0Z1

N11G50; CANCEL SCALING

The values for X, Y, and Z in line N5 represent the absolute
position of the scaling center. The P value represents the scale

factor. In this example, the entire part is scaled by two. The
G50 in line N11 cancels the scaling.

Scaling Each Axis
You can scale each axis by different magnifications. The fol-

lowing NC program uses scaling to change the proportions of

In this example, G68 rotates a
shape 90° from the original.

Rotation Origin
(1.583, 1.5)
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a motion by scaling each axis separately (the scaling codes
are in bold print):

NOGO0Z.5
N1X1Y1.5
N2G1Z-.1F10
N3G2Y.5J-.5
N4GO0ZA1
+R R
Rotation Origin Rotation Origin
Counterclockwise Clockwise
Positive Rotation Value Negative Rotation Value
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IMPORTANT:

When combining the scale and
rotate features, always scale the
part first, before rotating it.

Notice that in this program the P
Code is used to reference the first
block of the subprogram (not
shown in this example). The
subprogram contains the code
that creates each part.

In this example, scaling and
rotation are combined to
produce different sized shapes
that are scaled and rotated from
the original. Only three of the
four parts are shown in the
example at right; the fourth part
is created with the call to
subprogram in line N16.

CNC Programming Codes

N5G51X1Y1Z011.5J1.75K1; SCALING ON

N6G0Z.5

N7X1Y1.5

N8G1Z-.1F10

N9G2Y.5J-.5

N10G0Z1

N11G50; CANCEL SCALING

The values for X, Y, and Z in line 5 represent the absolute
position of the scaling center. The I, J, and K values represent

the scale factors for the X, Y, and Z axes respectively. When

scaling each axis individually, you do not use a P code.

Creating Mirror Images with Scaling

You can create mirror images of shapes by specifying nega-
tive values for I, J, and K. The NC program below uses
negative I and J values to create a mirror image of the origi-
nal shape on the XY plane (the scaling codes are in bold
print):

N0GO0Z.5

N1X1Y1.5

N2G1Z-.1F10

N3G2Y.5J-.5

N4G0Z1

N5G51X1Y1Z0I-1J-1K1; SCALING ON

N6G0Z.5
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IMPORTANT:

If your Machining Center is
equipped with an Automatic
Tool Changer, refer to the ATC
Supplement for instructions on
using Tool Length Offsets.

Longer tools need G43 to retract
the spindle from the cross slide,
while shorter tools need G44 to
move the spindle closer to the
cross slide.
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N8G1Z-.1F10

N9G2Y.5J-.5

N10GO0Z1

N11G50; CANCEL SCALING

The values for X, Y, and Z in line 5 represent the absolute
position of the scaling center. The I, J, and K values repre-
sent the scale factors for the X, Y, and Z axes respectively. Notice
the negative I and ] values for mirroring on the XY plane. Re-
member that performing Z axis mirroring is an advanced

operation. Use caution when machining negative Z values.

Rotation Codes

Rotation codes allow you to rotate a programmed shape
around a rotation origin. You can rotate a shape on any

plane, one plane at a time. Use the Rotation code to modify

G44

G43

Tool
Tool

Offset Value |
20 ‘

Offset Value

an NC program when a work piece has been rotated from the

programmed position on the machine.
G68 Invokes rotation
G69 Cancels rotation
Here is an example of an NC program using Rotation (the Ro-
tation codes are in bold):
NOGO0Z.5
N1X1Y1.5
N2G1Z-.1F10
N3G2Y.5J-.5
N4G0Z1
N5G68X1.583Y1.5R90; ROTATION ON ROTATION ORIGIN X3 <110 °



N6GO0Z.5

N7X1Y1.5

N8G1Z-.1F10

N9G2Y.5J-.5

N10G0Z1

N11G69; CANCEL ROTATION

The X and Y values in line N5 are the coordinates of the ro-
tation origin; the rotation occurs around this point. The R

value represents the absolute value of the rotation angle. The
G069 in line N11 cancels the rotation.

Note that positive R values represent counterclockwise rota-
tion angles; negative R values represent clockwise rotation

angles.

Combining Scaling and Rotation Codes

You can combine scaling and rotation in the same NC pro-
gram. The portion of the NC program below combines scaling
and rotation codes to machine a part:

N1; DO THE ORIGINAL FIRST

N2M98P100

N3; NOW SCALE BY 1/2 AND ROTATE 90 CCW
N4G51X1.583Y0Z01.5J.5K1; SCALING ON

N5G68X1.583Y1.5R90; ROTATION ON

5.5
Actual Movement —

Commanded Movement 4.0 >|

OffsetValue | = e »
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N6M98P100; SECOND PART

N7; NOW MIRROR AND SCALE BY 1/2, AND ROTATE 90 CCW

N8G69G50

Actual Movement

Commanded Movement

Offset Value

N9G51X1.583Y0Z0I-.5J.5K1
N10G68X1.583Y1.5R90
N11M98P100; THIRD PART

4.0

5.5

N12; NOW SCALE BY 1/2 AND ROTATE BY 90 CW

N13G69G50

Actual Movement

Commanded Movement

Offset Value

N14G51X1.583Y0Z0I1.5J.5K1
N15G68X1.583Y1.5R-90
N16M98P100; FOURTH PART
N17;END OF PROGRAM

Actual Movement

Commanded Movement

Double Offset Value

4.0 |
=
5.5
>
|<.1:.5.. ......
7.0
>
4.0 |
>
.............. 39....p]
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CNC Programming Codes

Using Tool Length Offset Codes

Use the tool length offset codgsotq adjust the machine for
Actual Movement

variations in tool lengths. The|tool length offset codes are:

G43 Compenmarﬁmarmv]m@g%r—teeﬁ'o—»|

G44 Compensate for a shorter toolg,
Double Offset Value B I

G49 Cancel tool length offset.

H Specifies the offset number from the offset table. (The
Offset Table you use for Tool Length Offset H values
is the same table you use for Cutter Compensation
and Tool Offset Adjust D values.)

The G43 compensates for a longer tool by retracting the
spindle away from the cross slide. The G44 compensates for

a shorter tool by moving the spindle closer to the cross
slide.

The T code normally specifies the tool, its diameter, and
offset value. When you include a G43 or G44, the computer
ignores the T code offset value and uses the offset you as-

sign to H.

Here is an example of the tool length offset code used in an
NC program:

MO06

G43T2H1

The MO06 code stops the machine. The G43 compensates for
a tool that is longer than the reference tool. The T2 refers to
the tool number and the tool diameter, but not the offset
value. The H1 represents the offset value set in the Offset
Table.

Using Tool Offset Adjust Codes

Use these codes for making critical dimension adjustmentsss

to the offset values. When you specify tool offset adjust
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Section 6: Optional Machining Capabilities

Quick Change Tooling Installation
Multiple Tool Programming

Machining with the 4th Axis Rotary Positioner



Note: Before using Quick Change
Tooling, clean the taper of the
tool holder and the bore of the
tool body.

Clean and coat the surface of the
tool holder with oil once a week.

Note: Quick Change Tooling is
not available for the proLIGHT
2500.

6-2

Quick Change Tooling Installation

There are two Quick Change Tooling Models available from
Light Machines for the proLIGHT 2000, ACC-5141 and ACC-
5140 (Quick Change Tooling is not available for the
proLIGHT 2500). The installation procedure for each is
described below.

Installing the Quick Change Tooling Option on the
proLIGHT 2000 Machining Center is a three-step process;
installing the tool body in the machine spindle, attaching
the cutting tool to the tool holder, and mounting the tool
holder to the tool body.

Installing Quick Change Tooling Model ACC-5141

Refer to the drawing on the following page for the location

of the parts referenced in these instructions.
Installing and Removing the Tool Body
To install the tool body into the spindle:

1. Insert the draw bolt and washer (from the Machining
Center Accessory Kit) into the top opening of the spindle
shaft.

2. Insert the spindle locking pin (from the Accessory Kit) into
the opening on the side of the spindle to keep it from ro-
tating.

3. Insert the tool body into the bottom opening of the spindle

until it makes contact with the spindle taper.
4. Screw the draw bolt into the tool body until secure.
5. Remove the spindle locking pin.
To remove the tool body from the spindle:

1. Insert the spindle locking pin into the opening on the
side of the spindle.

2. Loosen the draw bolt approximately two turns.

3. Use a hammer (preferably brass) to hit the top of the

draw bolt to release it from the spindle taper.
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Draw Bolt

CAUTION: End mills and other
cutters are very sharp. Use a
shop rag or similar material to
hold the tool while mounting it
to avoid severe cuts.

Collar

Tool Holder

set screw

Cutter

4. While holding the tool body in place, loosen the draw
bolt completely and allow the tool body to drop into your
hand.

5. Remove the spindle locking pin.

Attaching the Cutting Tool to the Tool Holder

1. Insert the tool into the bottom opening of the tool
holder.

2. Tighten the set screw on the side of the tool holder while
holding the tool in place. Make sure the set screw is

pressing against the flat of the tool.
Optional Machining Capabilities 6-3
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Installing and Removing the Tool Holder

To
1.

mount the tool holder to the tool body:

Insert the spindle locking pin (from the Accessory Kit) into
the opening on the side of the spindle to keep it from ro-
tating.

. Screw the collar all the way onto the tool body.
. Now unscrew the collar approximately 1-1/2 turns.

. Press the tool holder up into the tool body until it seats

into place (This occurs when the two indents on the top of
the tool holder align with the locking pins inside the tool
body.)

. Hand-tighten the collar. Do not overtighten!

. Remove the spindle locking pin.

remove the tool holder from the tool body:

. Insert the spindle locking pin (from the Accessory Kit) into

the opening on the side of the spindle to keep it from ro-
tating.

. Hold the tool holder, then unscrew the collar approxi-

mately 1-1/2 turns. Remove the tool holder.
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Note: Before using Quick Change
Tooling, clean the taper of the
tool holder and the bore of the
tool body.

Clean and lubricate the tool
holder once a week.

CAUTION: End mills and other
cutters are very sharp. Use a
shop rag or similar material to
hold the tool while mounting it
to avoid severe cuts.

Optional Machining Capabilities

3. Remove the spindle locking pin.

Installing Quick Change Tooling Model ACC-5140

WARNING!

The lock screw must be tightened for all operations
(single or multiple tool) in excess of 3,000 RPM to
prevent ejection of the tool body from the machine
tool.

This will also reduce wear on the holder and may

enhance the performance of the machine.

Refer to the drawing below for the location of the parts
Draw Bolt

referenced in these instructions. —

<{J)— lock screw

\\ collar
trigger pin

release button/ .)

drive dogs

Tool Holder

set screw.

Cutter
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Installing and Removing the Tool Body
To install the tool body into the spindle:

1. Insert the draw bolt and washer (from the Accessory Kit)
into the top opening of the spindle shaft.

2. Insert the spindle locking pin (from the Accessory Kit)
into the opening on the side of the spindle to keep it

from rotating.

3. Insert the tool body into the bottom opening of the spindle

until it makes contact with the spindle taper.
4. Screw the draw bolt into the tool body until secure.
5. Remove the spindle locking pin.
To remove the tool body from the spindle:

1. Insert the spindle locking pin into the opening on the
side of the spindle.

2. Loosen the draw bolt approximately two turns.

3. Use a hammer (preferably brass) to hit the top of the
draw bolt to release it from the spindle taper.

4. While holding the tool body in place, loosen the draw
bolt completely and allow the tool body to drop into
your hand.

5. Remove the spindle locking pin.

Attaching the Cutting Tool to the Tool Holder
To attach the cutting tool to the tool holder:

1. Insert the tool into the bottom opening of the tool
holder.

2. Tighten the set screw on the side of the tool holder while
holding the tool in place. Make sure the set screw is
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pressing against the flat of the tool.

Installing and Removing the Tool Holder
To mount the tool holder to the tool body:

1. Insert the spindle locking pin (from the Accessory Kit) into
the opening on the side of the spindle to keep it from ro-
tating.

2. Press the release button on the collar of the tool body.
While the button is depressed, rotate the collar in a clock-

wise direction, approximately 1/8 turn, and hold it.

3. Align the indentations on the tool holder with the drive
dogs on the tool body, then press the tool holder up
into the tool body until it snaps into place.

4. Release the collar. The collar must return to its original po-

sition after release.

5. Make sure the tool holder is properly seated. If properly

seated, the collar will not rotate in either direction.
6. Remove the spindle locking pin.
To remove the tool holder from the tool body:

1. Insert the spindle locking pin (from the Accessory Kit) into
the opening on the side of the spindle to keep it from ro-
tating.

2. Loosen the lock screw.

3. Press the release button on the collar of the tool body.
While the button is depressed, rotate the collar in a
counterclockwise direction, approximately 1/8 turn, and
hold it.

4. Wiggle the tool holder out of the tool body.

5. Remove the spindle locking pin.
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Note: The tool height offset
sensor does not work if placed on
a wax, wood, or plastic surface.
You must place the sensor on a
conductive surface for it to work.

6-8

Using the Tool Height Sensor

A tool height offset sensor is included with every Quick
Change Tooling unit. This sensor helps to establish a con-
stant reference point for setting tool offsets for multiple

tools.

The battery powered sensor uses the machine’s frame to
provide an electrical circuit. When a tool contacts the sen-
sor the circuit closes, energizing the sensor’s LED indicators.
You must place the sensor on a conductive surface, such as

the cross slide, for this to take place.

To establish a reference point:

1. Place the sensor on the cross
slide or other conductive sut-

face.

2. Jog tool #1 to the tip of the

sensor until the lights come 4
lights
on.

3. Use the Set Position function
in your Control Program soft-

ware to set the Z axis value for this point to zero.

To establish offsets:
1. Install tool #2 in the Quick Change Tooling unit.

2. Jog tool #2 to the tip of the sensor until the lights come

on.

3. Use the Tool Definitions function in your Control Pro-

gram to enter an offset value for tool #2.
4. Repeat this process for each additional tool.

You can use this procedure to establish the Z position of
the reference tool to the stock. For example, if the
length of the reference tool is 2.000", set the Z position
equal to 2.000.
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CAUTION:

You should become
thoroughly familiar with NC
programming for a single tool
before attempting to do
multiple tool programming.

Note: Multiple Tool
Programming is not available
for the proLIGHT 2500

Note: The T code and M06
command can be used
independently since they
perform different functions.
The T code offsets the
coordinate system for the tool
specified. The M06 code
simply retracts the spindle and
pauses so you can change the
tool.

Optional Machining Capabilities

Multiple Tool Programming

The proLIGHT 2000 Machining Center allows you to designate
up to 20 different tool offsets for tool changes during milling
operations. To designate the tool number and Z axis offset,
select Set Tools from the Setup Menu.

There are four basic steps in setting up the Machining Cen-

ter for multiple tool operation:

O Place the appropriate codes in your NC program.

U Establish a reference tool.

U Establish the offsets for other tools from that reference.

O Test your NC program.

Using Multiple Tool Codes

The T code is used in the NC program to offset the cutter so
the NC program becomes independent of the cutter length.
This means you can replace a worn tool with a tool of a dif-
ferent length without changing the NC program just by
entering new offsets. (Any actual tool change is performed
manually.) The T code can be located anywhere within the
block of NC code, but it is normally placed after the G
code.

When you place T codes in your program for tool changes,
you should also use the M0OG6 code to retract and shut off the
spindle. The MO0G6 code is placed after the T code. This code
instructs the Machining Center to shut off and retract the
spindle to the top of the vertical column, where it pauses
until you manually change the tool. Pressing the Return key

turns the spindle back on and move it back to the previous
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IMPORTANT:

If your Machining Center is
equipped with an Automatic
Tool Changer, refer to the ATC
Supplement for instructions on
using Tool Length Offsets.

position to continue with the NC program.

Establishing the Reference Tool

When using multiple tools, a reference tool, normally Tool
#1, is set to zero for the Z axis. This establishes a reference
tool position which is used as a reference point for addi-

tional tools. For demonstration purposes, we will use Tool
#1 as the reference tool and Tool #2 as the additional tool.

To set the reference tool:

1. Decide on a reference point (a point on the work piece,

or on a gauge, where you will jog the tip of each tool).

2. Select Manual Control from the Run Menu. With Tool #1
installed in the spindle, jog the tool to the reference
point. The tip of the tool should barely touch the work

piece, or zero-out a reference gauge.

3. Select Set Position from the Setup Menu. Set the current po-

sition of Tool #1 to zero on the Z axis.

Tool #1 is now established as the reference tool.

Establishing Tool Offsets

Now that the reference tool is established, you can assign
offsets to additional tools. You can move the tool and accept
its current Z axis position as the offset value, or you can

manually enter offset values.
To set the offset for Tool #2:

1. Jog the spindle up, insert Tool #2 then jog it down just to
touch the surface of the work piece, or offset sensor, at

the previously determined reference point.

2. Select Set Tools from the Setup Menu. The Z axis posi-
tion will be off by the difference in the length between

this tool and the reference tool.

3. Select Tool #2. Select the Use -[Position] button. The Con-
trol Program assigns the offset value of Tool #2 as the

opposite sign of the current Z position.

The offset for Tool #2 is now established.
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Note: There is a sample multiple
tool NC program on the
proLIGHT Control Program disk
that came with your Machining
Center. The sample program
should have been copied to your
hard drive along with the other
files during the software
installation procedure (see
Section 2). Look in the PLM2000
directory for MILLTWO.NC.

Note: A Quick Change Tooling
option is available from Light
Machines Corporation (part
number ACC-5140). This
package makes manual tool
changing quicker and easier.

Optional Machining Capabilities

Testing Your Multiple Tool Program

After setting all of the tool offsets, dry run your program

without a work piece mounted and with the spindle speed

turned down (just as you did with the sample single-tool

program in Section 4).

1.

After installing Tool #1, close the safety shield, put on
your safety glasses, and complete the safety checklist.

. Select Run Program from the Run Menu. Select zero as the

start block and select ok. Throughout the test, be
prepared to press the emergency stop switch on the
Machining Center, or the space bar on the computer
keyboard in case of a tool crash. The computer runs the
program until it reaches the M06 code. The M06 stops
and retracts the spindle.

. When the spindle has completely stopped and the Pause

message appears on the screen, press the emergency

stop switch on the Machining Center.

. Open the safety shield.

. Remove Tool #1 and install Tool #2, making certain it is se-

curely fastened to the spindle.

. Close the shield, and pull out the emergency stop

switch. Press the Return key on the computer keyboard.
The spindle turns on and moves to the previous posi-
tion. Operation continues as programmed until the next

MOG6 code is encountered.

. At each pause, repeat Steps 3 through 6, installing the ap-

propriate tool at the appropriate points in the program.

. Bdit the program, if required. When you are satisfied

that the program works correctly, mount the work piece,
set the spindle speed, and run your multiple tool pro-

gram.

CAUTION: Do not use collets for tool changing. Use an end mill
holder or the Quick Change Tooling option to make sure the tool
length protruding from the spindle does not vary each time you
load the tool into the spindle.



For Rotary Positioner
maintenance information, refer to
Section 7.

Note: You can type SET LMC=/4
at the C:> prompt to set up a
permanent command line switch
for 4th axis machining. Add the
command to your
AUTOEXEC.BAT file if you do not
want to supply the /4 switch every
time you run the Control Program.

Machining with the 4th Axis Rotary
Positioner

The 4th Axis Rotary Positioner is a factory-installed option
available from Light Machines Corporation. This rotary posi-
tioning device uses a 5C collet system with a manual collet
closer and mounts vertically on the Machining Center table.
With the Rotary Positioner, you can perform numerous ma-
chining tasks, such as simultaneous 4-axis machining,
wrapping geometries around cylinders as in cylindrical en-

graving, and rotary indexing to mill on the sides of a part.

When working with a fourth axis there are, of course, differ-
ences in both the Control Program software, and the NC

programming method to accommodate the additional axis.

The Control Program

The ability to accommodate a fourth axis is embedded in
the PLM2000 Control Program software. To invoke the
fourth axis version of the software, type PLM2000/4 once
you are in the PLM2000 directory. The Control Program

Windowz Setag

URTITLER. R l—ﬁ

+
F1-HELF |FZ-OFER|FI-FHDR
FLH : Cr Light Hachlwss

screen appears.

You can see right away that the Position and Limits Win-

dows have the additional A axis. In fact, wherever the other
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Note: To rotate the 4th axis
with Keypad, use the Page
Up and Page Down keys.
Both keys use the current
Continuous or Incremental
jog settings.

This is the Set Position dialog box
for the 4th Axis Rotary Positioner.
Other dialog boxes with information
or data entry pertaining to the axes
look similar to this.

Optional Machining Capabilities

three axes are displayed, you see the A axis displayed.

For instance, when you open the Manual Control Panel, the

A axis Jog Feed and Distance is displayed just below the Z

Flle Edit E= Windous Setup Help Fi

URTITLER. B l—h

axis Jog Feed and Distance.

Under the Setup Menu, the commands Set Position, Goto
Position, Set Jog Distance, Set Jog Feed, Set Limits and
Coordinate. Systems now accommodate the fourth axis in

their dialog boxes.

—| Set Position |———

X | Selerelaratel Inches

Y: |0.000000 Inches
Z: |10,.000000 Inches
ok cancel




Things to keep in mind when
using A codes:

*You can specify more than 360
degrees using the A code.

*You can perform helical
interpolation on the A axis

eYou can’t home the A axis.

*You can’t perform G02 or GO3
moves with A codes.

Programming

The most obvious difference in programming for a fourth
axis is in the use of the A code. As with the X, Y and Z
codes, the A code follows incremental and absolute program-
ming. If an A code is placed on the same block as an X, Y or
7. code, the A axis feed is calculated after the X, Y or Z axis
feed so the A motion, in inches per minute, stops at the same

place each time (similar to helical interpolation).

When an A code is placed on a block without X, Y, and Z
codes, the accompanying F code specifies revolutions in de-
grees per minute, while the A code represents the amount
of rotation in degrees. Depending on their position in the
NC program, the values for IF codes can represent both
revolutions in degrees per minute and inches per minute.
For example:

N1M3S1500

N2G0X0.8Y0Z0.05A0

N3G1Z-0.125F3; IPM

N4G1A360F30; 4TH AXIS MOTION IS 30 DEGREES PER MINUTE
N5G0Z0.05

N6G0X0.2A0

N7G1Z-0.125F3; IPM

N8G1A360F30; 4TH AXIS MOTION IS 30 DEGREES PER MINUTE
N9G0Z0.05

N10GOAO

N11G1Z-.125

N12G1X.8A360F5; 4TH AXIS MOTION IS 5 INCHES PER MINUTE
N13G0Z0.050

N14MO02

The F codes that accompany the A codes in blocks N4 and N8

represent revolutions in degrees per minute. The F code that

accompanies the A codes in block N12 represents revolutions
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The sample program ROTARY.NC
generates a part similar to the one
shown here.

Optional Machining Capabilities

in inches per minute.

Running the ROTARY.NC Sample Program

A sample NC program called ROTARY.NCis included on the
Control Program installation disk. It should have been copied
to your hard drive along with the other sample programs
when you performed the software installation. This program
only works on systems that have the 4th Axis Rotary

Positioner installed.

What You Need...

To make the part, you need a 2-inch-diameter by 2-inch-
long workpiece, preferably made of wax due to the depth
of the cuts. You’ll also need a 1/4-inch ball end mill.

To Initialize the Software...

To initialize the software, you must jog the tool to the top

right edge of the work piece as shown below, then set the
Initialization

Pointl

Chuck End




tool position to X0, YO, Z0, AO.

Installing and Removing the Rotary Positioner
To install the Rotary Positioner:

1. Make sure the PLM2000 is disconnected from all power

Flange
Nut

The T-nut (not visible
here) is attached to the
end of the stud inside the
T-slot of the cross slide.

Toe Clamp

sources.

2. Loosely assemble the stud, flange nut, toe clamp and a
T-nut as shown below. Slide the assembly into position
on the cross slide (with the T-nut in the center T-slot of
the cross slide).

3. Slide the Rotary Positioner into position (with the T-nut in the
T-slot of the cross slide) on the cross slide. The edge of
the Positioner should be approximately 1/2" away from
the edge of the cross slide. Make sure the base of the
Positioner is parallel with the edge of the cross slide.
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4. Place the right end of the toe clamp all the way in to the

recess on the base of the Rotary Positioner (as shown

above).

Collet Closure
Handle

Tighten
9/16"
nut.

1/2"

5. Insert the step block under the left edge of the toe clamp.

Make sure the toe clamp is level with the cross slide and

tighten the flange nut with an 11/16" wrench.

6. Tighten the nut beneath the collet closure handle (shown

Connect the
rotary position

cable here. —=o»

7




below) with a 9/16" wrench.

7. Remove the Loop back plug from the Rotary Position

connector on the rear of the Machine.

8. Connect the rotaty position cable (CPC-16 connector) to
the mating connector on the back of the Machining Cen-

ter.

To remove the Rotary Positioner:

1. Turn off the PLM2000 and disconnect it from all power

sources.

2. Disconnect the encoder cable (9-pin D-subminiature con-
nector) and the servo motor power cable (4-pin CPC

connector) from the back of the Machining Center.

3. Loosen the two nuts on the studs holding the T-nuts in the
T-slots of the cross slide.

4. You can now slide the Rotary Positioner off the Machining

Center cross slide.

Using 5C Collets and 5C Chucks

Use standard 5C collets and 5C chucks with your Rotary

Positioner. To install a collet:

1. Insert the collet or chuck into the spindle. Be sure to
align the keyway on the collet with the pin inside the
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spindle.

2. Hold the collet in the spindle while adjusting the collet

draw bar.

3. Pull the collet closure handle away from the spindle.

Check for appropriate tightness.

4. Repeat steps 2 to 4 until you find the appropriate tight-

ness.

Rotary Positioner Specifications

Available X-axis travel:6.5 inches

Available Z-axis travel:5.25 inches

Spindle Runout:
Spindle Backlash:
Spindle Speeds:
Collets:

Spindle Nose Thread:
Indexing Accuracy:
Repeatability:
Resolution:

Motot:

Gear Ratio:

Duty Cycle:
Weight:
Spindle Height:

Encoder:

Optional Machining Capabilities

0.0004 T.L.R.

+/- 1 minute

120 deg/sec

Standard 5C

2.19-10 Thd.

+/- 15 seconds in one direction
4 seconds

0.001 deg

40 oz. in. continuous torque DC

Servo

90:1 self-locking worm gear with
preload

50% maximum duty cycle
45 1bs.
4.300 +/-.001 from spindle center to

base

1000 line
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Section 7: proLIGHT Machining Center Maintenance

Maintaining the proLIGHT 2000
Maintaining the proLIGHT 2500
Lubricating the 4th Axis Rotary Positioner

Maintaining the PC in a Shop Environment



Note: If you run your machine
continuously (8 hours per day) at
high feed rates, you should
lubricate your machine every 16
hours of use.

Here is the proLIGHT 2000 with
the Z axis bellows cover removed
to expose the Z axis linear rods
and ball screw.

7-2

Maintaining the proLIGHT 2000

Performing preventative maintenance on your proLIGHT
2000 Machining Center ensures a longer, trouble-free life for
the machine. We provide instructions for preventative mainte-

nance in the following paragraphs.

Ball Screws

The proLIGHT uses pre-loaded ball screws on all three axes.
The screws are lubricated at the factory with a special long-
life, waterproof ball screw lubricant. This lubricant should last
for at least 200-250 hours of machine use. After 200 hours,
you can apply more lubricant to the screws in a thin film
over the length of the screw. The ball screw lubricant (part
number M2006) is available from Light Machines Corpora-

tion.

To gain access to the ball screws, jog the cross slide and
spindle to the extreme negative end of travel on all axes
just before the limits are tripped. Remove the bellows cover
by removing the two button head cap screws from the
bracket holding the bellows at one end. Use a small brush
to apply grease sparingly but evenly along the entire length

of the ball screw. (_ﬁ/“
il

Bellows Cover

Spindle Head _—

Button Head Cap Screw

Ball Screw
Linear Rod

Bellows Cover
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The Saddle

The saddle engages the linear rods that are attached to the
base of the machining center. A ball screw moves the
saddle along the Y axis. The linear rods running through
the top of the saddle engage the cross slide. A ball screw
moves the cross slide along the X axis. The oil ports for the

X axis and Y axis linear rods are located on the saddle.

The Machining Center’s Sadc - -

Linear Slides

The linear slides on the proLIGHT consist of linear rods and
linear bearings. It is very important that a thin film of lubri-
cant be maintained on the surface of the linear rods to
minimize wear. The linear rods will wear very quickly with

no lubrication.

Lubrication

Light Machines provides a small oil can with the Machining
Center. Use 10W engine oil for lubricating the linear rods.

There are thick oil-impregnated felt pads between the bearings
in the saddle which keep a thin film of oil on the linear
rods. Each rod (there are six) can be lubricated through its
own oil port which is located on the saddle for the X and Y
axes, and on the spindle head for the Z axis. You should lu-
bricate the rods every 30 days or 100 hours of use,
whichever comes first. When applying oil to the oil ports,
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CAUTION:

Do not remove the portion of the
motor cover that has the wires
coming out of it.

WARNING:

Always unplug the machine
before making adjustments.

A side view of the Saddle.

7-4

pull the trigger on the oil gun very slowly to allow the oil
to be soaked up by the felt.

Adjustment

You can adjust the linear bearings to remove any play in
the saddle or spindle. The bearings are factory-adjusted and
should not require adjustment for at least 250 hours of use. Be
very careful not to over-tighten the bushings because over-
tightening can cause overworking and overheating of the
motor, and excessive wear to the rods, bushings and ball

screws. To adjust the linear bushings, follow the steps below.

1. Jog to the extreme positive end of motion on the axis
you are adjusting. Stop just before the limit switch trips.
Shut off power to the system. Unplug the machine.

2. Remove part of the servo motor cover for the axis you are
adjusting. Loosen the screws but do not remove the por-
tion of the cover that has the wires coming out of it. Do
not remove the whole cover at once or you may damage
the wiring. If you need to use excessive force to turn the

lead screw, you have adjusted the bearing too tightly.

(@

Set Screws
push on the
bearing when
tightened s (] Bearing

3. Loosen all eight recessed allen setscrews on the axis you
are adjusting. They are located on the four sides of the
saddle for the X and Y axes, and on the sides of the
spindle for the Z axis.

4. Tighten the two setscrews for each bearing while check-
ing the force it takes to turn the ball screw. Tighten the
setscrews (applying approximately 4-8 in/lb of torque)

until the force required to turn the ball screw pulley in-
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CAUTION:

Adjusting the spindle head is a
very precise procedure. Do not
adjust the spindle head.

CAUTION:

Adjusting the spindle shaft pre-
load is a very precise procedure.
Do not attempt to adjust the pre-
load without first contacting Light
Machines for information.

creases when turning it by hand. Then back the set-
screws off by 1/8-turn. Repeat this procedure for all four

bushings on each axis.

5. Replace the servo motor cover.

Spindle

"Two Piece Spindle Head

Light Machines ships the proLIGHT Machining Center with a
factory-aligned two piece spindle head. You should not at-
tempt to align the spindle head without first contacting
Light Machines.

Spindle Motor
The spindle motor on the proLIGHT Machining Center is a

1hp DC permanent magnet motor. The wearing parts on the
motor are the ball bearings on the motor shaft and the
brushes. The brushes, although replaceable, have a long
lifespan. The ball bearings are sealed, lifetime-lubricated

bearings that do not require special maintenance.

Checking for Spindle Shaft Play

The spindle shaft is pre-loaded against sealed ball bearings
that do not require lubrication or user maintenance. You
should, however, check the spindle shaft for both radial
play (side to side) and axial play (up and down). If the

Axial Play

Radial Play
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WARNING:

Always unplug the machine
before making adjustments.

Loosen the four cap screws and
push the motor backwards

7-6

spindle shaft starts to develop play (or begins to make un-
usual noises while in operation), contact Light Machines
(800-221-2763).

To check for play, grip the spindle shaft and push and pull
it in each direction along both axes. The spindle shaft

should be firm against your pressure.

Belts

Spindle Belt

The spindle motor drives the spindle shaft with a serpentine
belt. If the belt becomes loose, it will wear out quickly. If
the belt is loose, you can feel backlash between the spindle
motor shaft and the spindle shaft. To check for backlash,
rotate the spindle shaft back and forth slightly and observe
the fan inside the motor. Make sure the fan rotates as soon
as you reverse the direction of the spindle shaft. If not,

there is backlash. The adjustment is a simple operation.
To adjust the spindle timing belt:

1. Make sure all power to the system is shut off. Unplug the ma-

chine.

2. Loosen the four socket head cap screws on the base of the

spindle motor.

3. Push the spindle motor backwards to remove play from
the belt.

Section 7



Warning!

Disconnect Power Cord
before removing cover.
Dangerous voltages are
present when machine is
connected.

CAUTION:

Do not over-tighten the drive
belt. Excessive tension will
damage the motor shaft.

4. While holding the motor in place, tighten the four socket
head cap screws.

5. Turn the spindle shaft by hand to make sure the spindle

moves freely and the spindle motor turns.

6. If everything appears all right, plug the machine back in
and turn on the spindle motor. Slowly bring the spindle

up to speed. Check for excessive vibration.

Axis Drive Belts

The axis drive belts are located between the servo motors

and ball screws on each axis. Normally, they should not need

Rotate the cover to
the left to expose the
drive belt.

Remove the
SCrews.—

Be aware of the
Washers under
the cover.

adjustment, but you should check every 250 hours.

Checking and Adjusting the Y Axis Drive Belt

1. Remove the 7 button head cap screws on the motor

box cover.

2. Lift the cover and rotate it 90 degrees. Be aware of the
two #10 washers under the cover. These washers are
used as spacers in the motor box. Be sure not to lose
these washers and remember to re-install them when

you are finished checking the belt.

3. Apply approximately 3 pounds of force on the center
point of the belt. It should deflect no more than 1/8-
inch (3mm).

If the belt needs adjustment:

1. Remove the two button head cap screws from the bot-
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CAUTION:

Do not over-tighten the drive belt.
Excessive tension will damage the
motor shaft.

7-8

tom of the motor box.

. Gently move the box up and down while pulling back

until the box comes off the motor mount.

. Slide the motor box to the left and down until you have

access to the four screws holding the servo motor onto the

motor mount.

Pull back then
Remove the screws. lift left side up.

. Loosen the four screws.

. Slide the motor to increase tension on the belt and re-

tighten the screws.

. Check the deflection again.

Checking and Adjusting the X Axis Drive Belt

1.

Remove the two button head cap screws from the top of the
motor box and the seven button head cap screws from

the bottom of the motor box cover.

. Pull the motor box back approximately 1 inch until it
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comes off the motor mount. Lift the left side of the mo-

tor box up and over the motor to expose the drive belt.

3. Apply approximately 3 pounds of force on the center
point of the belt. It should deflect no more than 1/8-inch

(3mm).
Remove the back screws.
§ Lift up the cover.
Remove the Loosen the back

bottom screws.

2= S N

front screws

~

If the belt needs adjustment:

1. Loosen the four screws holding the servo motor onto the

CAUTION: motor mount.
Do not over-tighten the drive belt. 2. Slide the motor to increase tension on the belt and re-
Excessive tension will damage the tighten the screws.

motor shaft.

3. Check the deflection again.

Checking and Adjusting the Z Axis Drive Belt

1. Remove the two button head cap screws on the front of

the motor box and five of the seven button head cap
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Note: If you run your machine
continuously (8 hours per day) at
high feed rates, you should
lubricate your machine every 16
hours of use.

Here is the proLIGHT 2500 with
the Z axis bellows cover removed
to expose the Z axis linear rods
and ball screw.

screws on the back. Loosen but leave in place the two

bottom screws on the back of the motor box cover.

2. Gently move the box front and back while pulling it up
until it is completely off of the motor mount.

1If the belt needs adjustment:

1. Loosen the four screws holding the servo motor onto the

motor mount.

2. Slide the motor to increase tension on the belt and re-

tighten the screws.

3. Check the deflection again.

Maintaining the proLIGHT 2500

Performing preventative maintenance on your proLIGHT
2500 Machining Center ensures a longer, trouble-free life for
the machine. We provide instructions for preventative main-

tenance in the following paragraphs.

Ball Screws

The proLIGHT uses pre-loaded ball screws on all three

sal

Bellows Cover

Spindle Head

Button Head Cap Screw

Ball Screw
Linear Rod

Bellows Cover
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axes. The screws are lubricated at the factory with a special
long-life, waterproof ball screw lubricant. This lubricant

should last for at least 200-250 hours of machine use. After
200 hours, you can apply more lubricant to the screws in a
thin film over the length of the screw. The ball screw lubri-
cant (part number M2000) is available from Light Machines

Corporation.

To gain access to the ball screws, jog the cross slide and

Set Screws (X Axis)

Linear Rod (X Axis)

The Machining Center’s Saddle. Felt Pad

Bearing

Set Screws (Y Axis) QOil Port

Qil Port Set Screws (X Axis)

Bearing Bear
earing

Set Screws (Y Axis)

spindle to the extreme negative end of travel on all axes
just before the limits are tripped. Remove the bellows cover
by removing the two button head cap screws from the
bracket holding the bellows at one end. Use a small brush
to apply grease sparingly but evenly along the entire length

of the ball screw.

The Saddle

The saddle engages the linear rods that are attached to the
base of the machining center. A ball screw moves the
saddle along the Y axis. The linear rods running through the
top of the saddle engage the cross slide. A ball screw moves
the cross slide along the X axis. The oil ports for the X axis

and Y axis linear rods are located on the saddle.

Linear Slides
The linear slides on the proLIGHT consist of linear rods and
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CAUTION:

Do not remove the portion of the
motor cover that has the wires
coming out of it.

WARNING:

Always unplug the machine
before making adjustments.

A side view of the Saddle.

linear bearings. It is very important that a thin film of lubricant be
maintained on the surface of the linear rods to minimize wear.

The linear rods wear very quickly with no lubrication.

Lubrication

We provided a small oil can with your Machining Center. Use
10W engine oil for lubricating the linear rods.

There are thick oil-impregnated felt pads between the bearings
in the saddle which keep a thin film of oil on the linear
rods. Each rod (there are six) can be lubricated through its
own oil port which is located on the saddle for the X and Y
axes, and on the spindle head for the Z axis. You should lu-
bricate the rods every 30 days or 100 hours of use,
whichever comes first. When applying oil to the oil ports,
pull the trigger on the oil gun very slowly to allow the oil
to be soaked up by the felt.

Adjustment

You can adjust the linear bearings to remove any play in
the saddle or spindle. The bearings are factory-adjusted and

should not require adjustment for at least 250 hours of use. Be

(@)

Set Screws
push on the
bearing when
tightened s ([ Bearing

very careful not to over-tighten the bushings because over-
tightening can cause overworking and overheating of the
motor, and excessive wear to the rods, bushings and ball

screws. To adjust the linear bushings, follow the steps below.

1. Jog to the extreme positive end of motion on the axis
you are adjusting. Stop just before the limit switch trips.
Shut off power to the system. Unplug the machine.
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2. Remove part of the servo motor cover for the axis you are

adjusting. Loosen the screws but do not remove the por-
CAUTION: tion of the cover that has the wires coming out of it. Do
Adjusting the spindle head is a not remove the whole cover at once or you may damage
very precise procedure. Do not the wiring. If you need to use excessive force to turn the

adjust the spindle head. lead screw, you have adjusted the bearing too tightly.

3. Loosen all eight recessed allen setscrews on the axis you
are adjusting. They are located on the four sides of the
saddle for the X and Y axes, and on the sides of the
spindle for the Z axis.

4. Tighten the two setscrews for each bearing while check-
ing the force it takes to turn the ball screw. Tighten the
setscrews (applying approximately 4-8 in/lb of torque)
until the force it takes to turn the ball screw pulley in-
creases when turning it by hand. Then back the setscrews
off by 1/8-turn. Repeat this procedure for all four bush-

ings on each axis.

5. Replace the servo motor cover.

Spindle

Two Piece Spindle Head

Light Machines ships the proLIGHT Machining Center with a
factory-aligned two piece spindle head. You should not at-
tempt to align the spindle head without first contacting
Light Machines.

Spindle Assembly

Your proLIGHT 2500’s spindle components have been spe-

cially lubricated for maintenance free operation. Never attempt

to lubricate or otherwise service the proLIGHT 2500’s
Warning!

Rotate the cover to
the left to expose the
drive belt.

Disconnect Power Cord Remove the
before removing cover. screws.—
Dangerous voltages are

present when machine is

connected.

Be aware of the
Washers under
the cover.
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CAUTION: spindle assembly. Only qualified specialists should service

Do not over-tighten the drive belt. your machine’s spindle assembly.
Excessive tension will damage the

motor shaft. . .
Axis Drive Belts

The axis drive belts are located between the servo motors
and ball screws on each axis. Normally, they should not

need adjustment, but you should check every 250 hours.

Chectkeing and Adjusting the Y Axds Drive Belf:

1. Remove the seven button head cap screws on the motor

box cover.

2. Lift the cover and rotate it 90 degrees. Be aware of the
two #10 washers under the cover. These washers are
used as spacers in the motor box. Be sure not to lose
these washers and remember to reinstall them when you
are finished checking the belt.

3. Apply approximately three pounds of force on the cen-
ter point of the belt. It should deflect no more than 1/
8-inch (3mm).

If the belt needs adjustment:

1. Remove the two button head cap screws from the bot-

tom of the motor box.

2. Gently move the box up and down while pulling back

Pull back then
Remove the screws. lift left side up.
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until the box comes off the motor mount.

3. Slide the motor box to the left and down until you have

access to the four screws holding the servo motor onto
the motor mount.

4. Loosen the four screws.

5. Slide the motor to increase tension on the belt and re-
tighten the screws.

6. Check the deflection again.

Checking and Adjusting the X Axs Drive Belt

1. Remove the two button head cap screws from the top of

the motor box and the seven button head cap screws from
the bottom of the motor box cover.

— Remove the back screws.
Remove the | —

front screws.

Lift up the cover.
Loosen the back
bottom screws.

= O

o}
o}
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2. Pull the motor box back approximately 1 inch until it
comes off the motor mount. Lift the left side of the mo-

tor box up and over the motor to expose the drive belt.

3. Apply approximately three pounds of force on the center

point of the belt. It should deflect no more than 1/8-inch
(3mm).
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proLIGHT Machining Center Routine Maintenance Schedule

MAINTENANCE P ERIOD

After Every
Use

Every 50
Hours or Every
2 Months

After 100
Hours

After 250
Hours

Lubricate Ball
Screws

Lubricate Linear
Rod Pads

Adjust Linear
Bushings

Check Spindle
Shaft for Play

Check Spindle
Belt for Play

Clean Chips
Out of Machine

Coat Exposed
Surfaces with
Light Ol

Check Limit
Switches and
Wiring
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Recommended oils or equivalents:

Texaco, Meropa 150
Shell, Omala 100
Mobil, Mobilgear 629

Characterisitics of the above oils:
Agma Grade: 4-EP
Flash Point: 400°F

ISO Grade: 100-150
SUS Viscosity: 725 @ 100°F
75.5 @ 210°F

If the belt needs adjustment:

1

. Loosen the four screws holding the servo motor onto the

motor mount.

. Slide the motor to increase tension on the belt and re-

tighten the screws.

. Check the deflection again.

Chectking and Adjusting the Z Axas Drive Belt

1.

Remove the two button head cap screws on the front of
the motor box and five of the seven button head cap
screws on the back. Loosen but leave in place the two

bottom screws on the back of the motor box cover.

. Gently move the box front and back while pulling it up

until it is completely off of the motor mount.

If the belt needs adjustment:

1

. Loosen the four screws holding the servo motor onto the

motor mount.

. Slide the motor to increase tension on the belt and re-

tighten the screws.

. Check the deflection again.

Top Plug

Oil Drain Plug
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Maintaining the Rotary Positioner

If you purchased the 4th Axis Rotary Positioner option for
your PLM2000 Machining Center, you must keep it properly
lubricated to extend its life and to ensure maximum opera-

tional performance.

Lubricating the Rotary Positioner

Oil level and cleanliness should be checked regularly. Drain
the oil once or twice a year and refill with new oil. If there
is any evidence of contamination, the gear box should be
flushed with clean solvent, the seals checked, and replaced

if required, and more frequent oil changes considered.

The lubricant must be a premium quality heavy-duty indus-
trial gear oil for enclosed gear sets. The oil must provide
good rust and corrosion protection, oxidation stability,
foaming resistance, and pressure characteristics which mini-

mize temperature rise.

Since some oil could be lost through the seals, the oil level
should be checked weekly or even more frequently should

you find it necessary to add much oil at the weekly checks.

Oil is added through the top of the unit after removing the top
plug. As oil is added, check the oil level through the sight
glass on the side of the unit. When draining oil, loosen the
top plug to vent. Replace the drain plug before adding oil.
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Maintaining the PC in a Shop

Environment

There are a few general guidelines for maintaining your
personal computer and software in a shop environment.
See your owner’s manual for maintenance procedures that

are specific to your computer.

Caring for the Computer

Follow these general rules for computer care.

1. Keep the computer and peripherals (mouse, key-
board, external drive, printer) out of direct sunlight
and away from sources of heat and in a relatively
clean environment (i.e., not right next to the foundry

room).

2. Keep liquids (soda, coffee, cutting fluid, grease) away

from the computer and peripherals.

3. Keep oil, grease, metal chips and excess dust or ciga-
rette ash away from the computer, keyboard and floppy
disks. You should consider erecting a clear plastic
shield between the computer and the mill to keep
chips off the computer.

4. Use grounded, three-prong outlets for the computer and
peripherals. Take precautions against current overload.
A line-surge suppression unit can be purchased at your

local computer store to help alleviate this problem.

5. Don’t block the vent holes in the computer or drives;

they are required for air circulation.

Caring for Floppy Disks

Floppy disks are simple to use but require a few precau-

tions to maintain their integrity.

1. Don’t touch the magnetic disk part of the disk (the
shiny, record-like part inside the disk jacket). Dust or
grease from your hand can ruin any part of the disk
that you touch and can possibly destroy the entire
disk.

proLIGHT Machining Center Mainteran&ecep disks in a disk box or special disk container ins_19
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Control Program Messages

Appendix A: Control Program Messages

The proLIGHT Control Program displays messages to
present important information or, if a problem is encoun-
tered during normal operation, to inform you of an error.
Usually any problem can be readily corrected without affect-

ing the operation currently in progress.

The following messages are provided (in alphabetical order)

with their meaning and, if necessary, a remedy.

4th axis not valid in Verify or 3-axis.
This message appears if you attempt to run a 4-axis part

program on a 3-axis machine, or if you try to verify it.

Additional data required.
The canned cycle you have placed in your NC code re-
quires a code other than P, Q, R, or Z.

An error occurred.
This generic error message occur for a number of reasons.
You may have to discontinue running your NC program and

begin again.

An error occurred while printing.

This message may appear because of a communications error
between your computer and your printer. Check the con-
nections between the computer and the printer and try

again.

Bad T code.
The currently chosen tool number is not valid. Currently,
the Control Program supports up to 20 tools. If your T code

is less than 1 or greater than 20, you will get this error.

Bad address.

An invalid character was encountered in your NC code. For
example, the exclamation mark shown in the following NC
code is invalid: N5 X1 E40 13

Al
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Bad code.
An invalid number followed a valid address was encountered
in your NC code. Typically, this involves a bad G or M code.

For example, the M code in this block makes no sense. N5
M1234

Can’t perform circle with radius.
You have entered bad endpoints for the given radius. For
example, you may have entered the same start and end

points.

Door open.
The safety shield was opened while a program was running,

halting the program.

Drive overheat error.

The Machining Center drive motors overheated. Allow the
motors some time to cool down, then try running the pro-
gram again. If this error recurs, call Light Machines Techni-
cal Support.

Duplicate subprogramvalue.
There is more than one block in your subprogram that has an

O code of the same value assigned to it.

Emergency stop - keyboard.
You hit the Q-key or the Space Bar on the computer keyboard
while the NC program was running, or you hit Quit while

the program was paused.

Encoder Error

Error chaining to file.

This will occur if the Control Program is unable to find the
file to chain to, and you cancel while it's trying to find the
correct file. You may also see this message if an error oc-

curs which prevents the file from loading.

Error parsing for subprograms.

An error occurred while the Control Program was parsing for
M98, M99 and O codes. If subprograms are enabled, the Con-
trol Program scans your NC program for these codes before

you run a program and before you renumber a program.
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Control Program Messages

Error! Subprograms are not enabled!

This error message appears if you attempt to run an NC
program containing an M98 or M99 while subprograms are
not enabled. You can enable subprograms with the Run Set-

tings command under the Setup Menu.

Fatal error! Can’t read state file.
If you see this message call Light Machines Technical Sup-

port for assistance.

File not found! Please find it.
This means the file you are attempting to chain to can’t be
found in the current file’s directory. Select ok. The Open

File dialog box appears so you can locate the file.

File too large. Aborting.
There is not enough memory available to open the NC file.
You must either free up some memory or use a text editor

to break the large file into two or more smaller files.

GOTO destination not found.
You specified an invalid block number for M99. There is no

block number in your NC program that matches the speci-
fied P code.

Hardware ESTOP hit.
This message appears when you press the Emergency Stop
button on the Machining Center while running an NC pro-

gram.

Invalid canned cycle /G’ code.
If you see this message, call Light Machines Technical Sup-
port.

Invalid subprogram value.

You specified an invalid subprogram number for M98.
There is no O code in your NC program that matches the
specified P code.

M22 command format error.
This error message appears if an M22 code is not followed

by a filename enclosed by parentheses.
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M99P?? must return to main program.
If you perform a GOTO, the block specified by the P code
must be before any subprogram (O codes).

Missing numbers.

You have left out a parameter following an address. For ex-
ample, in the following code, the Y parameter is missing.
N5X1Y 71

Motion will trigger %oc%oc soft limit. Continuing will disable soft
limits.

If software limits are enabled, the Control Program exam-
ines each tool movement to see if it will exceed these lim-
its. If limits will be exceeded, you are warned before the
move is executed. There will only be one warning. You can
continue, which will disable software limits, or you can quit

and edit your program or the limits.

Negative limit hit.
Use the Manual Control Panel to move the tool away from the
stock, then check your set up and make sure the software

was properly initialized.

Normal program stop.
The Control Program detected an MO2 code in the NC pro-

gram and ceased running the program accordingly.

P code required.
G82 and G89 codes require a P code with a dwell value.

Position WRONG! - Select CONTINUE to do alinear move to
correct position or ‘QUIT to stop.

You will get this message if you enter a starting block other
than zero before running your part program, and the actual
position of the machine at that block isn’t the same as the
position it would be in if the program had started at block
0.

Positioning error.

This occurs if the motors are unable to follow the correct
position. This is typically encountered when the feed rate is
too high, or if something prohibits machine motion (like
plunging the tool through a hunk of steel).
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Control Program Messages

Positive limit hit.
Use the Manual Control Panel to move the tool away from the
stock, then check your set up and make sure the software

was properly initialized.

Printer is out of paper.
Check the paper level in the printer and try again.

Printing cancelled.
This message appears if you cancel the printing operation.

Q code required.
A G83 code requires a Q code for a peck depth.

Q value is too small.
The peck depth for a Q code must be larger than .001.

R code required.
Canned cycle commands require an R code as a reference

point.

Software limit hit.

The machine position exceeds the specified software limits.
You will only see this message if software limits are en-
abled.

Specified radius is too small.
No such arc exists with the given radius. This will occur, for

instance, if your start point and end point are the same.

Subprogram max depth exceeded.
Subprograms can have an M98 code imbedded within them
to call another subprogram. You may embed subprograms

up to 20 levels deep, but the depth cannot exceed 20.

Subprogram not found.
You have specified an M98 with a P code that references an O
code that doesn’t exist in the NC program.

Time out occurred while printing.
This means either a printing error occurred, no printer is con-

nected, or the printer isn’t ready.

"Too many subprograms.

You have used more than 20 subprograms (O codes) in

your NC program. A



Appendix A



Appendices

Appendix A: Control Program Messages
Appendix B: General Machining Information
Appendix C: Safe Machining Center Operation
Appendix D: proLIGHT G and M Codes
Appendix E: Working in DOS

Appendix F: Robotic Integration



General Machining Information

Appendix B: General Machining Information

General machining requirements include: setting the feed
rate and depth of cut appropriate to the type of stock being
used; setting the spindle speed; selecting a lubricant (if nec-
essary); and selecting the proper cutting tool(s) and acces-

sories.

Feed Rate and Depth of Cut

Two terms used in general machining are feed and cu 2.

Normal machining on the mill involves removing material
from the surface of the workpiece. This is accomplished by
advancing the cutting tool into the workpiece by an appropri-

ate amount (depth of cut).

The rate of tool travel is called the feed rate. On machines
like the proLIGHT Machining Center, the tool does not ad-

vance into the workpiece; instead, the cross slide moves the

workpiece beneath the tool. However, the same feed rate
principle applies.

The depth of cut is set by the vertical column (Z axis) drive
motor and the feed is controlled by the drive motors on the

cross slide (X axis) and the end of the bed (Y axis). The
depth of cut and feed rate you select should depend on the
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Note: The proLIGHT Machining
Center is not designed for flood
cooling. Small amounts of
coolant may be applied to the
tool tip before a program is run.

B-2

turning speed of the spindle, the type of material and lubricant
used, and the type of cutting tool used for the operation.

Excessive depth of cut and rapid feed rates place greater
strain on the spindle, may bind the tool and workpiece, or

produce a poor surface finish on the part.

Spindle Speeds

The relative hardness of the material and the type of cutting
tool (end mill or drill) affect spindle speed. The harder the

material is, the slower the speed should be.

High spindle speeds may produce excess heat which causes the
workpiece to expand. If the workpiece expands, the cutting
tool will r#b rather than cut the material, resulting in a poor
surface finish. Slow spindle speeds cause no harm, but may

be inappropriate for finishing certain types of materials.

The load put on the spindle motor must also be taken into
account. Heavy cuts at low speeds will make the motor run
hotter than lighter cuts at higher speeds. The selected feed rate
and depth of cut should not cause the spindle motor to
greatly lose speed or cause the tool to chatter against the

workpiece.

Feed Rate and Spindle Speed Selection

Feed rate selection for machining parts on the proLIGHT Ma-
chining Center depends on factors such as: type of material,
type of cut, depth of cut, and spindle speed. The type of
tool chosen to make the cuts also affects the depth of cut
and, therefore, the feed rate. Consult your machinist's hand-
book for selecting a feed rate based on spindle speed and ma-
terial type. Experience and experimentation will enable you to

establish feed rates best suited to particular applications.

Lubricants and Coolants

Lubricants remove heat from the tool and workpiece and

are often used when high production rates are required or
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Note: Short run small part
machining in Delrin or
aluminum on the proLIGHT
Machining Center does not
require the use of coolant.

CAUTION: Always be
careful when handling end
mills. They have sharp edges
which can easily cut your
hands. Use a thick cloth rag
when handling tool bits to
protect your hands.

General Machining Information

when cutting very hard materials, such as stainless steel. A
mixture of one part soluble oil to six parts water may be
used on steel to assist in producing a smoother finish and to
reduce tool chatter. Aluminum and aluminum alloys may re-
quire the use of coolant to prevent chips from welding to the
tool’s cutting edge. Brass and cast iron are always machined

dry.

When lubrication is necessary, small amounts of water-soluble
cutting fluids are recommended for use on the proLIGHT Ma-
chining Center. Lubricants should be wiped from the mill
after use, because some petroleum-based fluids may deterio-
rate the electrical wiring insulation, the plastic safety shield,

or the computer enclosure.

Tool Types

Cutting tools are made from hardened steel and are ground to
various shapes. Tools are often ground to shape by the op-
erator to suit a particular cutting requirement. The clearances
ground behind cutting edges are adjusted for the type of ma-
terial the tool will cut and the direction the tool will be fed

along the workpiece.

Insufficient clearance behind the cutting edge will cause the
tool to rub. Excessive clearance will produce a ridged or
wavy finish due to the small length of tool edge in contact
with the workpiece. Standard tool types are: end mills, center

drills, drills and boring tools.

End Mills

End mills come in two types: flat end mills and ball end mills.
They should be sharp and must run true. Holding end mills in
a drill chuck is a poor practice; use collets instead. Be cer-
tain the spindle speed is set correctly for the type of mate-
rial being machined. An end mill can be instantly damaged if

a cut is attempted at excessive speed.

When plunging into the workpiece, use a center cutting end

mill. Center cutting end mills have teeth at the end of the mill
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going into the center of the mill.

Begin with light cuts and progressively increase cuts until sat-
isfactory results are obtained. End mills should not be used

for drilling holes, but they can be used to enlarge holes.

Center Drills

Use small amounts of cutting lubricant with center drills.
Clear the drill frequently, otherwise the tip may clog and twist

off even in soft materials.

Boring Tools

Use boring tools to enlarge or modify a drilled or cored
hole in a workpiece. Mount the workpiece in a vise or on the
cross slide. The machine must maintain clearance behind the

cutting point of the tool.

A slow feed rate and frequent tool withdrawals are required
with boring tools because chips cannot freely escape from the
hole. Depth of cut and feed rates must be reduced to avoid
chatter.

Do not drive the tool deeply into a hole. When boring a hole
where a flat bottom is required, stop the down feed at least
0.002 inch above the desired depth of the hole being bored

out.

Sharpening Tools

A cutting tool must be sharpened regularly to preserve its
original cutting angle and shape. Longer tool life will be ob-
tained from cutting edges if they are finished with a small
oilstone. Only the cutting end and sides of the tool should be
ground as required. Never grind the top face of the tool.

Attachments and Accessories

You can equip the proLIGHT Machining Center with a vari-
ety of standard attachments and accessories available from
industrial supply companies. In addition, Light Machines
Corporation offers a Machinist Kit with various tools and

tool holding devices.
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General Machining Information

A machinist should become familiar with the possibilities of-
fered by the selection and use of different mill attachments to
take advantage of the mill's versatility.
proLLIGHT 2000 Accessories

The following accessories come standard with the proLIGHT
2000 Machining Center.

Hold Donn Set

Hold downs are versatile clamps that can be used to secure
odd-shaped workpieces to the cross slide or mill bed. The
hold down set available for the proLIGHT 2000 Machining
Center includes the bolts and nuts that fit the T-slots in the
cross slide and mill bed.

EndNMil

The proLIGHT 2000 Machining Center comes with a 1/4-
inch high-speed steel end mill with a 3/8" shank.

Collet

A collet is used to hold an end mill in the spindle. The
proLIGHT 2000 Machining Center comes with a 3/8-inch R8
collet.

proLIGHT 2500 Accessories
The accessories that come standard with the proLIGHT 2500

Machining Center are:
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Hold Donn Ser

Hold downs are versatile clamps that can be used to secure
odd-shaped workpieces to the cross slide or mill bed. The
hold down set available for the proLIGHT 2500 Machining
Center includes the bolts and nuts that fit the T-slots in the

cross slide and mill bed.

EndMil

The proLIGHT 2500 Machining Center comes with a 1/32-
inch, 1/16-inch, 60-degree high-speed steel end mill with a
1/8" shank.

Collet

A collet is used to hold an end mill in the spindle. The
proLIGHT 2500 Machining Center comes with a 1/8-inch
EX16 collet.
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Safe Machining Center Operation

Appendix C: Safe Machining Center
Operation

Safety Rules

The following safety rules should be reviewed and practiced by all
operators of the proLIGHT 2000 Machining Center.

Wear Safety Glasses

Foresightisbetter than no sight. During operationany power tool can
throw foreign objects and harmful chemicalsintoyoureyes. Always
putonsafety glasses or eye shields before startingup the Machining

Center. Safety glasses or shields should provide full protection at

the sides, as well as the frontof the eyes.

Know Your Machine Tool

Read this guide carefully before you use the Machining Center and
keepitreadily accessible for quick reference. Know theintended
applications and limitations of the Machining Centeras well asits

hazards.

Ground All Tools

The Machining Center hasan AC power cord terminated bya three-
prong plug. The power cord should be plugged into a three-hole,
groundedreceptacle. Ifagroundingadapterisused to accommodate
atwo-prongreceptacle, theadapterwiren#stbeattached toaknown
ground. Neverremove the third prong from the plugon the AC

power cord.

Keep the Safety Shield In Place
The safetyshield should remainin place whenever the spindlemotor

isonorthecrossslideis moving.

Remove Adjusting Keys and Wrenches
Makeitahabitto check thatkeysand adjusting wrenches are re-

moved from the Machining Center before turning on the machine.

Keep the Work Area Clean

Cluttered work areas and bench topsinvite accidents.
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Avoid aDangerous Environment
Don’tuse the Machining Centerin damp or wetlocations. Never
operate electrical equipmentin the presence of volatile and flammable

petroleum-based solvents and lubricants.

Keep Untrained Visitors Away From the Equipment
Children, and visitors unfamiliarwith the hazards of rotatingmachinery,

should always be keptaway from the work area.

Prevent Unauthorized Users From Operating the proLIGHT
Machining Center
Lockand remove the key from the Machining Center control

panel when the systemisnotinuse.

Do NotForceaTool
Selectthe feed rate and depth of cut best suited to the design, con-
struction and purpose of the cutting tool. Itis always better to take

toolighta cutthan too heavya cut.

Use the Right Tool
Select the type of cutting tool best suited to the milling operation.

Don'tforceatoolorattachmenttodoajobitwasn'tdesigned for.

Dress Properly
Don'twearloose clothing orjewelry which can get caughtin moving
parts. Wearahatornet, or tie your hair back to keep itaway from

moving parts.

Secure the Workpiece
Be certain thatyouhave firmly secured the workpiece in the vise

and the cutting tool to the colletbefore turning on the spindle motor.

Do NotOverreach
Keep your footingand balance atall times so youwon’t fallinto or

grab the moving machine.

Maintain Your Tools In Top Condition
Keep cutting tools sharp and clean. Lubricate and clean Machining

Center components onaregular basis.
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Safe Machining Center Operation

Disconnect Power Before Servicing

Always use the emergency stop switch to disconnect powerand disable
the spindle motorbefore mounting or removing the workpiece, or
changingtools. Do notrelysolelyonaprogrammedPause command

to disable Machining Center operation.

Avoid Accidental Starting
Make sure the power switch on the Machining Centeris off before
pluggingin the Machining Center power cord.

Use Recommended Accessories

Toavoid stressing the Machining Center and creatinga hazardous
machiningenvironment, use only those accessories designed foruse
with the proLIGHT 2000 Machining Center, available through
Light Machines Corporation.

Tighten AllHolding, Locking and Driving Devices
Tighten the vise. Do notover-tighten tool holding devices. Over-
tightening may damage or warp parts, therebyreducingaccuracy

and effectiveness.

Keep Coolant Away From Electrical Components

Do notallow coolant to splashinto or near the computer.
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IMPORTANT!

Post copies of this checklist
in the work area. Verify that
all items are checked-off
prior to each operation of
the proLIGHT Machining
Center.

C-4

Safety Checklist

Before you enter the work area:

(]
a
(]

Put on safety glasses.
Tie back loose hair and clothing,.
Remove jewelry including rings, bracelets and wristwatches.

Before machining a part:

u

I Iy Ny Iy N M My

(]

Make sure you have the correct tool for the job.

Secure the tool propedy.

Make sure all tool positions have been properly initialized.
Verify the NC program on the computer before machining;
Remove all loose patts and pieces from the machine.
Remove adjusting keys and wrenches from the machine.
Close the safety shield.

Only operate the machine after being propety trained in its use.
Perform a dry run:

QO Set the spindle motor switch to lowest manual speed setting.

O Make certain there is no workpiece in place.

O Run the NC program to make sure all the moves make sense
before running the program with a workpiece in place.

After completing the dry run, propetly secure the workpiece to the

machine.

Keep fluids away from all electrical connections, electronic or
electrical devices, the computer and nearby electrical outlets.

While machining a part:

OoO0Od

(M

Do not touch moving of rotating parts.
Press the Emergency Stop button before opening the safety shield.
Only open the safety shield after the spindle has stopped rotating.

Press the Emergency Stop button whenever changing tools or
mounting or removing a workpiece.

Pull the Emergency Stop button out only after closing the safety
shield.

Keep all unauthorized persons away from the work area.
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iIMPORTANTE!

Pegue copias en el [rea de
trabajo. Verifique que todos los
puntos esten checados antes de
cada puesta en marcha de la
mUquina.

Safe Machining Center Operation

Lista de Seguridad

Antes de entrar en el area de trabajo:

(]
(|
(|

Use sus lentes de seguridad.
Procure recogerse el cabello y no usar ropa floja.

No use joyetria como: anillos, pulseras y relojes.

Antes de trabajar a maquina una pieza:

a

a

a

a

Utilize la herramienta correcta para el trabajo. Asegurela de forma
correcta en el husillo con una boquilla.

Asegurese que la posicion de la herramienta de corte ha sido
inicializada correctamente.

Remueva todas las partes sueltas y coloquelas lejos de la Fresadora.
Limpie todos los residuos de la Fresadora después de cada corrida.

Cierre la guarda de seguridad antes de ejecutar cualquier operacion
en la Fresadora.

Cortra los programas por primera vez con el motor del husillo
apagado y sin pieza de trabajo. Asegurese que todos los movimientos
sean Cofrectos.

Asegure la pieza de trabjo a la mesa. Quite las herramientas y llaves
antes de cerrar la guarda de seguridad.

Asegurese que todos los contactos de cortiente A.C. esten
aterrizados.

Mantenga los liquidos refrigerantes lejos de la Caja
de Control, Computadora y cualquier Suministro Eléctrico.

Mientras trabaja a maquina una pieza:

a

a

a

Nunca levante la guarda de seguridad mientras que la Computadora
este ¢jecutando un programa. Presione siempre primero el botén de
“Paro de Emergencia’™.

Presione siempre el boton de “Paro de Emergencia™ cuando se
cambie una herramienta, se coloque o remueva una pieza de
trabajo. Jale el boton de “Paro de Emergencia™ después de haber
puesto la guarda de seguridad.

Mantenga fuera del area de trabjo a toda persona no autorizada.
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Emergency Stops

Thereare fourways an emergency stop can be initiated on the
proLIGHT Machining Center:

Q Presstheemergencystop switch on the Machining Center
O Pressakeyonthecomputerkeyboard

Q Click the mouse

Q Activateone of thelimit switches on the Machining Center.

Referto Section 3 for detailed information on using the emergency

stop methods.
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Interpolation
Group

Programming
Mode Group

Units
Group

Wait
Group

proLIGHT G and M Codes

Appendix D: proLIGHT G and M Codes

This appendix provides quick-reference lists of the G and M
codes supported by the proLIGHT 2000 Machining Center.

G Codes by Group

GO00
GO01
Go02
GO03

GI0

GI1

G70

G71

G04

GO05

G25

G26

G31

Rapid traverse
Linear interpolation
Circular interpolation (clockwise)

Circular interpolation (counterclockwise)

Absolute coordinate programming (Fanuc uses U,W): All X,
Y and Z axes coordinates are relative to a (0,0) location on a
mill.

Incremental coordinate programming: Each command is
relative to the one before it in the program.

Inch: Used to instruct the mill that inches are the unit of
measure for the part program. (Fanuc G20)

Metric: Used to instruct the mill that millimeters are the unit
of measure for the part program. (Fanuc G21)

Dwell (wait): Equals the value of the feed rate (I code) in
seconds (used primarily for robotic operations). G04
excludes motion commands with a new feed rate on the
same line (block).

Pause: Used for operator intervention. The order of action
for the pause and dwell codes in one NC block is G05, G04
(pause, dwell).

Wait for robot input to be high: Used in conjunction with H
code, which specifies input number. Used for robot
synchronization (see Appendix F).

Wait for robot input to be low: Used in conjunction with H
code, which specifies input number. Used for robot
synchronization (see Appendix F).

Linear to specified coordinate.Stop short if specified input
goes High (if H is positive) or Low (if H is negative).
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Polar Programming
Group

Coordinate System
Group

Canned Cycle
Group

Preset Position
Group

G131
G15
G16

G53

G54
G55
G56
G57
G58
G59

G80
G81
G82
G83
G84
G85
G86
G89

G27

G28
G29

G92

G998

Same as G31. Used for digitizing.
Polar programming cancel.

Begin polar programming.

Rapid traverse to specified coordinates in Absolute
programming mode. (e.g. G53X0Y0Z0 rapids to machine
reference point)

Use coordinate system one.
Use coordinate system two.
Use coordinate system three.
Use coordinate system four.
Use coordinate system five.

Use coordinate system six.

Canned cycle cancel.

Canned cycle drilling.

Canned cycle straight drilling with dwell.

Canned cycle peck drilling.

Canned cycle tapping.

Canned cycle boring.

Canned cycle boring with spindle off (dwell optional).

Canned cycle boring with dwell.

Home: This code moves the tool to its home position on the
Machining Center to perform automatic calibration of the axes.

Check reference point: Compares reported position against zero
to see if position has been lost.

Set reference point: Sets machine position to 0,0,0.

Return to reference point: Moves the tool to a coordinate speci-
fied by XYZ. Typically used asfter a G27 or G28 code.

Preset position: This code works like the Set Position function
under the Setup Menu (see Section 3). The X, Y and Z coordi-
nates following a G92 code define the new current position of
the tool.

Rapid move to initial tool position after canned cycle complete
(Section 5).
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Plane Selection
Group

Scaling Group

Rotation Group

Cutter Compensation
Group

Tool Length Offset
Group

Tool Length Adjust
Group

proLIGHT G and M Codes

G99

G17

G18

G19

G50
G51

G638

G69

G39
G40
G41
G42

G43
G44
G49

G45
G46
G47
G438

Rapid move to point R (surface of material or other reference
point) after canned cycle complete (Section 5).

Select the X,Y plane for circular interpolation. This is the de-
fault plane for circular interpolation. Use this code to switch
back to the X,Y plane after circular moves on the X,Z or Y, Z
planes. The arc center coordinates are given by I for the X axis
and J for the Y axis.

Select the X,Z plane for circular interpolation. Use this code to
perform circular interpolation on the X,Z plane. The arc center
coordinates are given by I for the X axis and K for the Z axis.

Select the Y,Z plane for circular interpolation. Use this code to
perform circular interpolation on the Y,Z plane. The arc center
coordinates are given by J for the Y axis and K for the Z axis.

Cancel scaling.

Invoke scaling. Use this code to scale axes with independent
factors around a fixed origin. The default is 1.

Invoke rotation. Use this code to rotate a geometry from its
origin by an arbitrary angle. Rotation works on any plane, one
plane at a time.

Cancel rotation.

Corner offset in circular interpolation.
Cancel cutter compensation.

Invoke cutter compensation left.
Invoke cutter compensation right.

Specifies the offset number from the Offset Table.

Shifts Z axis in a positive direction by a value specified by H.
Shifts Z axis in a negative direction by a value specified by H.
Cancel Tool Length Offsets.

Specifies the offset number from the Offset Table.

Increases the movement amount by the value of D.
Decreases the movement amount by the value of D.
Increases the movement amount by twice the value of D.
Decreases the movement amount by twice the value of D.

Specifies the offset number from the Offset Table.
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Program Stop/End
Group

Spindle Group

Tool Change Group

Accessories
On/Off Group

MO0

Mo01

MO02

M30

MO03

Mo05

MO06

M08

M09

M10

M11

M Codes by Group

Pause: Allows you to place a pause in your code. Acts like a
GO05 pause.

Optional Stop: Allows you to place an optional stop in your
code. Place an MO1 in the block of code where you would
like to pause. With Optional Stop on, the MO1 works like an
MO2 stop. With Optional Stop off, the MO1 code is ignored,
the other codes on the block are executed as usual.

End of Program: Takes effect after all motion has stopped;
turns off drive motors, spindle and accessory outlets.

Program stop: Same as M02.

Spindle Motor On: Activated concurrently with motion speci-
fied in the program block; remains in effect until superseded
by MO5.

Spindle Motor Off: Activated after the motion specified in the
program block; remains in effect until superseded by MO03.

Tool Change: Used in conjunction with a T code to perform
multiple tool operations. See Section 6.

ACCT On: Turns on accessory ACC1 outlet concurrently with the
motion specified in the program block; remains in effect until
superseded by MO09.

ACCT Off: Turns off accessory ACC1 outlet after the motion
specified in the program block; remains in effect until super-
seded by MO8.

Clamp ACC2: Closes air vise accessory concurrently with the
motion specified in the program block; remains in effect until
superseded by M11.

Unclamp ACC2: Opens air vise accessory after the motion
specified in the program block; remains in effect until super-
seded by M10.
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Program Management
Group

1/0 Group

proLIGHT G and M Codes

M20

M22

M47

M98
M99

M25

M26

M111

M112

M122

M195

Chain to Next Program: This code appears at the end of a part
program and is followed on the next line by the file name of
another program which is executed when all motion stops.
Here’s an example of a part program chain to another pro-
gram:

N37Z.2

N38M20

PROGRAM TWO

If the two programs you are chaining are not in the same
directory, you must specify the full pathname for each file.

Output to file: Outputs machine coordinates to a file. The
proper format for using this code is: M22(fi/ename). You'te
basically naming the file as you create it. You must enclose
the name of the file in parentheses for the Control Program
to recognize it.

If you use more than one M22, only the first occurrence
must have the filename in the parentheses. The remaining
M22's may have empty parentheses, ().

Rewind: Restarts the currently running program; takes effect
after all motion comes to a stop.

Call to subprogram

Return from subprogram: Returns you to the block following
the initial M98 command.

Go to: Used with P code. P code defines N or O code desti-
nation. Goes to first occurrence of N or O code within the
main program.

Set robot output: Used for robot synchronization. Used in con-
junction with H code to specify output number.

Set robot output: Used for robot synchronization. Used in con-
junction with H code to specify output number.

Linear segments: Causes the proLIGHT 2000 to make arcs as
linear segments. Use with Helical Interpolation.

Arc as linear segments: Causes the proLIGHT 2000 to make
arcs as linear segments. Use with Helical Interpolation.

Output current position to file: Writes current X, Y, and Z
position to a data file. Use with G131 for digitizing.

Set part radius: defines the radius for a four axis part. Used
only if the feed per rotation (G95) mode active. The default
radius is 1.0. This code is not valid in Verify mode or in 3
Axis mode.
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Working in DOS

Appendix E: Working in DOS

There are a number of functions in DOS that can be used to
alter or create NC programs, or alter the Control Program.
You should be thoroughly familiar with DOS before at-
tempting to use the commands and techniques in this

chapter.

Environment Variables

Before running the Control Program you can set environ-
ment variables to increase efficiency or to establish a more
appropriate environment in which to run the Control Program.
The environment variables can be typed in at the C> prompt
in any directory as long as you haven't started the applica-

tion.

Graphics Card

The Control Program automatically senses what kind of
graphics adapter you have installed in your computer (CGA,
EGA, VGA or Hercules). However, in some cases the Con-
trol Program may not recognize the graphics adapter you
have installed. If this happens, you can force the Control
Program to recognize your adapter by using the environ-
mental variable LMGR. For example, to set the environment
variable to EGA color, (at the C prompt) type: SET
LMGR=EGA

Unfortunately, you must do this every time you start your
computer, before you run the Control Program. You might
want to place this command in the AUTOEXEC.BAT file so
the computer automatically performs this function for you
when you turn it on. Here are some other LMGR settings

you can use.
SET LMGR=VGA Force VGA color mode

SET LMGR=VGAMONO Force VGA monochrome mode

SET LMGR=EGAMONO Force EGA monochrome mode

SET LMGR=CGA Force CGA color mode (only for
EGA card with CGA monitor, or
some Tandy 1000's with 16-color
CGA at 640 x 200 resolution)
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SET LMGR=CGAMONO Force CGA monochrome mode

SET LMGR=HERCMONO Force Hercules compatible mono-
chrome mode

Allocating Expanded Memory

If you wish to allocate expanded memory to create larger NC
programs, you can use the environment variable LMCEMS.
You can specify a number of 16K blocks, or pages, to be
added up to the amount of available RAM on you computer.

To allocate EMS, type: SET LMCEMS=rnumber of 16K blocks
Or use "A/" " A" or "-7" to use all avaiable memory.

Setting Permanent Command Line Switches

You may use the SETLMC= command to set up permanent
command line switches for the Control Program. When you
set this environment variable, it is appended to the com-
mand line every time you start the Control Program. For

example, 4th axis users can use the command: SET

LMCOPTIONS=/4

If you place this command in your AUTOEXEC.BAT file, you
won’t have to supply the /4 switch every time you run the

Control Program.
Managing Machine Communications

Cormmmications Port

The Machining Center communicates to the controlling
computer through a serial port on the computer. The default
communications port for the Control Program is COMI1. If
the Machining Center has been connected to a serial port
other than the default, an environment variable needs to be
set to advise the control software of the new communica-

tions port.
To set the environment variable, at the DOS prompt type:
SET COMPORT=¢he number of the comport

This command forces the Control Program to communicate
through the designated port when running the machine tool.
For example, if the Machining Center were connected to
COM2, the environment variable needs to be set as: SET
COMPORT=2
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Note:Using SET BAUD overrides
the SETUP file value.

Working in DOS

The computer then uses COM2 whenever the Control Pro-
gram is used. This command may be added to the
AUTOEXEC.BAT file so the computer automatically performs

the function when the computer is switched on.

Band Rate

The Machining Center communicates with the controlling com-
puter through a serial port on the computer. When
communications between the machine tool and the com-
puter break down, a Communications Error results. The
Control Program allows for some fine tuning of the commu-
nications parameters to allow for slight differences in serial

communications to be accommodated.

If communications errors occur when you are attempting to
run the Machining Center, fine adjustment of the software may
be required. The first thing to adjust when communications

problems occur is the Baud Rate.

The Machining Center communicates with the controlling com-
puter at a default baud rate of 19,200 baud. For most
applications this setting works very well and need not be
changed. If you are having persistent problems, the baud
rate may be reset to 9,600 baud.

To set the baud to the lower value, type SET BAUD=9600 at
the DOS prompt (make sure to insert a space after SET). Try
running the machine tool again. Communication will have
been slowed down slightly, allowing for deviations from a

standard serial port.

Orher Conmmmands
If problems still persist, other parameters may also be adjusted.
Particularly, slight delays can be incorporated into the commu-

nications routines when running the machine.

For example, if errors only occur when circular interpolation is
being performed, a pause can be incorporated when cutting
the arc. This will give the system more time for communi-

cating. The following is a list of variables that may be set:
SET MV_DELAY= Set delay for straight line motion.
SET ARC_DELAY= Set delay for arc motion.
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SET POS_DELAY= Set delay for position update.
SET STAT_DELAY= Set delay for status update
SET IOSTAT_DELAY= Set delay for I/O update

These commands are looking for arguments in milliseconds.

So, to set a delay of 200 milliseconds when performing arc
motions, type SET ARC_DELAY=200 at the DOS prompt.

These commands may be placed in the AUTOEXEC.BAT file,
or you may wish to create a separate batch file for fine tuning

the machine communications.

Command Line Switches

When starting up the Control Program, you can add the fol-
lowing commands to disable certain functions or perform

other tasks automatically.
O Type PLM2000 /DS to disable the spindle.

O Type PLM2000 /BW to set the Control Program to black and

white mode.

U Type PLM2000 /4 to set the Control Program for fourth

axis machining.

O Type PLM2000 /Bbaud to set the baudrate to baud, where
baud=9600 or 19200.

O Type PLM2000 /En to override Set LMCEMS=n.

O Type PLM2000 /Pn to specify the comport on the command

line.

Q Type PLM2000 /Mmachine to set the machine equal to TEST or
PLM.

U Type PLM2000 /T to enable terminal mode as a menu item.

You can use multiple switches at once by typing them in suc-

cession.

Splitting NC Files

SPLIT.EXE is an executable DOS program that you can use to
divide large NC programs into smaller units. Use SPLIT.EXE
when the computer is unable to process your large NC pro-
grams. When you type SPLIT at the PLM2000 prompt, the

following screen appears:

Appendix E



At the PLM2000 prompt, enter the maximum number of lines
for each section of the program you are dividing, followed by
the complete path name for the file. The filename, not includ-
ing the subdirectory, must be 6 characters or less. For
example, to split a program called NUPART every 750 lines,
enter:

\

HC File Splitter. UVersion 1.21
Copuyright (C) Light Machines Corporation, 1988,94 fill rights reserved.

Usage: split <max nc lines> filename:

<{max nc lines?> is optional. It is normally set to 1000 lines
<filename> must be 6 characters or less (not including subdirectory)d

example: SPLIT 500 C:\NCPROGS“FPART
example: SPLIT SHCAPROGHO.HNC

C:~\PLMZODO>

Note: Entering the maximum SPLIT 750 C:\PLM2000\NCPROGS\NUPART.NC

number of lines is optional. The

default is 1000 lines.

Working in DOS

Press Return. The File Splitter divides the NC program into

sections, each containing the number of lines you specify,

and labels each section with a number. For example:
C:\PLM2000O\NCPROGS\NUPART1.NC
C:\PLM2000\NCPROGS\NUPART2.NC
C:\PLM2000\NCPROGS\NUPART3.NC

The File Splitter inserts an M20 code at the end of each section
of the program, followed by the filename of the next section.

For example:

M20

C:\PLM2000\NCPROGS\NUPART2.NC
The M20 code automatically “chains” each section of the
program together. Now you can run NEWPART.NC by open-
ing and running the first section. The Control Program then

loads and executes all of the subsequent chained sections until

the entire program is complete.
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Using BASIC to Generate NC Code

You can write BASIC programs that generate NC code for
use on the proLIGHT Machining Center. A program can be
designed to generate NC part programs for polynomial
curve cuts, or to accept input from graphics tablets. This is
very easily done using Microsoft BASIC and the DOS operat-
ing system. The IBM PC Owner’s Mannal and the Microsoft
BASIC Reference Mannal contain more information about

the BASIC programming language.

The BASIC program opens an NC program file, prints lines
of NC code to that file, and closes the file. This file can then
be accessed by loading it into the proLIGHT Control Pro-
gram. A template for the BASIC program is listed below.
The template is stored on your system disk under the name
TEMPLATE.BAS.

10 INPUT “HELLO, WHAT IS THE FILE NAME “; F$
30  OPEN F$ + “NC” FOR OUTPUT AS #1

40 X =-1.2345: Z =0.4321
Note: Any NC file with the same

name as the one you specify in 50 REM
line 1Q will be deleted when you 60 REM
run this program.
70 REM PUT YOUR NC PRINT STATEMENTS HERE
80 PRINT #1, USING “GOOX+#.####Y +# ####F2”; X; Z
90 REM
100 REM
900 CLOSE

Line 30 opens the file, and line 900 closes it. The bulk of the
program should be written between lines 40 and 900. Use

print statements like the one shown in line 80 above.

E-6 Appendix E



These are the repetitive cuts
generated by REPEAT.BAS.

Working in DOS

Using BASIC for Repetitive Cuts

REPEAT.BAS is a BASIC program that performs a single cut
six times. You enter only four blocks, not the 24 blocks
necessary for the NC program. The REPEAT.BAS program is
listed below.

10 INPUT “HELLO, WHAT IS THE FILE NAME “; F$

30 OPEN F$ + “NC” FOR OUTPUT AS #1

50 REM

60 X=6

70 FOR I=1TOX

80 PRINT #1, “G91X.25Y0”

90 PRINT #1, “G91X0Y.2”

100 PRINT #1, “G91X.1Y0”

110 PRINT #1, “G91X.2Y-.2"

120 NEXT |
130 REM
200 CLOSE

[ N N N N N B N

Start Point End Point

Line 60 sets the number of repetitions required. In this case,
a For-Next loop from line 70 to line 120 is used to repeat
the cutting instructions six times. Lines 80 through 110 are
the four print statements that contain the NC blocks required
to program the cut. Remember that the NC block must be

put inside quotation marks.

While in DOS, run REPEAT.BAS. Answer the prompt HELLO,
WHAT IS THE FILE NAME? by giving an NC program file
name that does not match any existing files. The BASIC pro-
gram opens a file under that name and writes the print
statements (lines 80 through 110) into it. Now you can go
into the proLIGHT Control Program and load the program

using the filename you entered.
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Note: Older versions of the
PLM2000 are not compatible
with some of the information in
this Appendix. Please note that
the newer model of the
PLM2000 requires a User
Supplied input voltage of up to
+24 VDC for the robotic
interface. Older versions supply
their own and will be damaged if
any voltage is applied.

The easiest way to determine
whether you have a new or old
version of the PLM2000 is by the
location of the On/Off switch.
Older models have the On/Off
switch on the rear panel. Newer
models have the green and red
On/Off switch on the front of the
machine.

Appendix F: Robotic Integration

The proLIGHT Machining Center has a simple interface for in-
teracting with common robots, like those used for automatic
part loading between machining operations. The Machining
Center and the robot communicate by way of an interface con-
nector (labeled

1/0) located on the rear panel of the Machining Center.

How it Works

The method of communication between the Machining Center
and robot is very basic. They are both able to transmit and re-
ceive high or /ow signals. Since communcation signals are
typically 0 and 5 volts, a high signal is 5 volts (or 3.5 volts or
greater); and a low signal is 0 volts (or 1.5 volts or less). See

the figure below.

User Input Voltage
+5 to +24 VDC

Logical 'One' State

+3.5 VDC

'lllegal Zone' Undefined Logic State M@O@W

Robotic Integration

+1.5 VDC
Logical 'Zero' state

Zero Volts

There are NC codes that you can place in a part program to
instruct the Machining Center to fransmita high or low signal
to the robot. There are also codes that instruct the Machining

Center to waitfor a high or low signal from the robot.

Signals sent out are referred to as outputs, while signals com-
ing in are called znputs. Any signals that the Machining Center
transmits to the robot are transmitted through an owzput pin
on the interface connector. Outputs can drive a maximum
load of 8mA. Any signals that the Machining Center receives
from the robot come in through an znput pin on the interface

connector.

Examples of the input and output wiring are shown in the

schematic below.
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The

Interface Connector

The 15 pin I/O connector on the rear panel provides a number

of ways for the Machining Center to communicate with robots

and other external mechanisms, such as an additional limit

switch. Most of the Machining Center Controller inputs and

outputs are located on this connector.

Some of the inputs and outputs are not free for robotic inter-

facing, they already have dedicated uses; inputs 7 and 8 for

proLIGHT ROBOT

Output | —— | |nput

Input Output

?7 ) F +5VDC PN
T

example. The Cycle Start button on the front panel of the Ma-
chining Center sends signals to input #8, while the Cycle Stop
button sends signals to inputs #7. The inputs and outputs on
the Machining Center are designated as follows.

Input Configuration

INPUT O or +5 VDC from Robot
to PLM2000

2.7k

COMMON PIN 15

Output Configuration

OUTPUT to Robot from PLM2000

% 4.7
COMMON PIN 15
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The proLIGHT Robot Interface
Connector

Pin 8 Pin 1

00000000
Pin 15 Pin 9

You can check the status of each
input and output by looking at the
Inputs Window (active in Manual
Control and Run Program only)
and Outputs Window in the
Control Program.

Robotic Integration

OtherInput/OutputNotes:

O User must supply +5 to +24 VDC between Pins 1 and 15.

Q All User outputs are disabled by an ESTOP condition.

O All inputs and outputs are optically isolated.

Q Never apply a negative voltage or an AC voltage to an in-
put.

d Do not connect to pins 7, 8, or 10. These are for special ap-
plications only.

O Outputs are set to source current only. Max load on each
output is 8mA.

O Do not operate relays, motors or other inductive loads with
the I/O outputs. This will damage the machine. You may
however, run an optical relay.

Q Inputs 4, 5, and 6 are for the high speed spindle and not
available on the PLM2500.

O Input 3 may be configured as an external ESTOP input al-
lowing the machine to be interlocked with a light curtain or
other safety device.

Pin | Function I/0 Levels Name

1 User 1/O: Voltage Input | +5 to +24 VDC Supply Voltage
2 User Output 5 0 or Supply OUTPUT5
3 User Output 7 0 or Supply OUTPUT7
4 User Input 1 0 to Supply INPUT1

5 User Input 3 0 to Supply INPUT3

6 User Input 5 0 to Supply INPUT5

7 UNUSABLE

8 UNUSABLE

9 User Output 4 0 or Supply OUTPUT4
10 User Output 6 0 or Supply OUTPUT6
11 UNUSABLE

12 User Input 2 0 to Supply INPUT2
13 User Input 4 0 to Supply INPUT4
14 | User Input 6 0 to Supply INPUTG
15 User I/O: Common COMMON
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Note: +5 to +24 VDC should
only be used on newer models.
More than +5 VDC at pins 1 and
15 will damage older models of
the PLM2000. See note at
beginning of this Appendix for
more information.

Special Note: You should not use
Cycle Start when digitizing
(G131).

You should use caution, if not
entirely avoid using any G code
which requires the activation of
the Cycle Start button.

If you do mix the two, be sure not
press and hold the Cycle Start
button, as it causes any NC
program resident on the controller
to start running (there is a resident
program only when digitizing).

You may wish to follow a
‘G26H8’ block with a ‘G25H8’
command, so that once you press
the Cycle Start button, for the
G26, the G25 waits until you
release the Cycle Start button
before continuing.

F-4

The NC Codes

The NC codes used in robotic communication are:

G25 - wait for High signal

G26 - wait for Low signal

M25 - transmit High signal

M26 - transmit Low signal

H# - specifies the input or output (default is H1)

The H code is used in conjunction with the wait codes and
transmit codes. For example, G25H3 tells the Machining Center
to wait until the state at input #3 goes high.

Assuming the robot’s initial output state is low, if you place this
line of code at the beginning of your program, the Machining
Center waits until input #3 goes high, then executes the next

line of code.

If the external device sends a low signal, nothing happens be-
cause the Machining Center is waiting for a high signal. If
there’s no change to a high signal, the Machining Center does

not execute the next line of NC code in the program.

When the robot sends a high signal, the Machining Center re-
sponds by continuing with the NC program. If the Machining
Center does not respond to the robot as you have programmed
it to, check that you have correctly wired the robot to the inter-
face, and that the robot’s initial output state was not changed to

high during the connection of the robot.
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1. The mill opens the air vise
(M11), transmits a high signal
(M25) to the robot, and waits for a
high (on) signal (G25).

Robotic Integration

A Sample of Mill/Robot Communication

As previously explained, communication between the Machin-
ing Center and robot is very simple. They only use and
recognize high or low signals. Once the Machining Center
sends a signal to the robot, it goes into a wait state and con-
tinues to wait until the robot sends the appropriate signal
back. When the signal is recognized, the Machining Center ex-
ecutes the next instruction in the part program. After executing
the instruction, it sends a signal to the robot. The robot, which
has been in a wait state since its last transmission, receives the
signal, performs as it has been programmed, then again sig-

nals the Machining Center.

This reciprocal system of communication is made possible by
the placement of G and M codes in the part program. The G
codes provide the wait instructions to the inputs, while the M

codes provide the transmit instructions to the outputs.

The following sequence is typical of communication between
the Machining Center and a robot. Since the robot’s initial out-
put state is low, the mill’s inputs have already been pulled
down to a low state. The Machining Center is equipped with

an air vise.

Transmit Hish (G29) | el | 11

Wait for High (M25)
Output
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2. The robot places a work piece
in the vise and transmits a high
signal to the mill indicating that it
is okay to close the vise.

3. The mill receives the signal,
closes the air vise (M10), then
signals (M26) the robot that the
vise is closed. The mill then waits
(G26) for a low signal from the
robot.

4. The robot releases the work
piece and leaves the work area. It
transmits a low signal when it is
away from the work area.

5. The mill receives the low
signal from the robot and begins
to mill the part.

F-6

Output

Input

Transmit High

Transmit Low (M26)

Wait for Low (G26)

Output

Input

e

Output

Transmit Low

Run NC Program
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6. When the mill has finished the
part, it signals the robot (M25) to
come take the part and waits
(G25) for a high signal.

7. When the robot receives the
signal, it approaches the mill,
grasps the part and sends the high
signal to the mill.

8. When the mill receives the
high signal, it opens the vise
(M11) to release the finished part,
signals the robot (M26) and waits
(G26, low).

9. The robot removes the finished
part from the work area, and
places the part in another area
according to its own program.
When the robot has cleared the
mill’s work area, it sends a low
signal to the mill.

10. At this point, the cycle begins
again (M47).

Robotic Integration

Transmit High (M25)

=

Wait for High (G25)

Input

Output

Output

=

Input

Transmit High

Transmit Low (M26)

=

Wait for Low (G26)

Input

Output

Output

=

Input

Transmit Low
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— NOM11;0PEN VISE

N1M25H4; TRANSMIT HIGH SIGNAL THROUGH OUTPUT 4
N2G25H3;WAIT FOR HIGH SIGNAL THROUGH INPUT 3
Robot N3M10;CLOSE VISE

Handshaking N4M26H4; TRANSMIT LOW SIGNAL THROUGH OUTPUT 4
N5G26H3;WAIT FOR LOW SIGNAL THROUGH INPUT 3

— NO;THIS FILE FOR PLM-2000 MILL
N1;USE 3" X 2" MACHINABLE WAX

N2G05
This program illustrates N3S1500M03
one way to use G, M and N4G0Z0.0700
H codes to interface with N5GOX1.0000Y0.3140

a robot. The codes
inserted for robot
interfacing are in bold.

N6G0Z0.0050

N7G1Z-0.1000F4.0
N8G3X1.5830Y1.33301-0.5990J1.0190F 12.0
N9X0.41701-0.5830J-1.0190
N10X1.0000Y0.314011.1820J0.0000
N11G0Z0.0700

NC Program N1251500.00

N13G0X0.8000Y0.7330

N14G0Z0.0050

N15G1Z-0.1000F4.0
N16G3X0.9330Y0.667010.1330J0.1010F12.0
N17G1X1.0670
N18G3Y1.001010.0000J0.1670
N19G1X0.9330Y1.0000
N20G2Y1.334010.0000J0.1670
N21G1X1.0670Y1.3330
N22G2X1.1997Y1.266810.0000J-0.1660
N23G0Z0.0700

L N24M02

N26M25H4; TRANSMIT HIGH SIGNAL THROUGH OUTPUT 4
N27G25H3;WAIT FOR HIGH SIGNAL THROUGH INPUT 3
Robot N28M11;0PEN VISE

Handshaking N29M26H4; TRANSMIT LOW SIGNAL THROUGH OUTPUT 4
N30G26H3;WAIT FOR LOW SIGNAL THROUGH INPUT 3
N31M47L3;CYCLE BACK TO NO

N32M2;END OF PROGRAM

|
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Index

Index

Symbols

$ code 5-14

( code 5-14

/ code 5-4

; code 5-14

\ code 1-9, 5-4

A

A axis angular dimension 5-3
A code 6-14. See also 4th Axis
Rotary Positioner, machining
with
About PLM command  3-55
Absolute arc centers
Fanuc code for 5-3
running a program with 5-14
Absolute coordinate programming
code D-1
Absolute dimensioning code 5-3
Absolute programming mode 5-7
Accessories B-5, C-3, back page
Accessory kit 1-5, 1-6, 2-2
Accessory off code 5-12, D-4
Accessory on code 5-12, D-4
Accessory port adapter cable

1-5, 2-6.
Address character 5-2
Air vise 1-9

Allow subprograms command 3-43

Angle of arc resolution, loop
counter (L code) 5-10

Arc center, X, Y and Z axis dimen-
sions  5-3

Arc radius  5-3

Arcs as linear segments
code 5-13, D-5

Arrow keys 3-6

AutoCAD 1-2

Axis drive belts 7-7
B

Ball screws 7-2, 7-10
Belts 7-6

Block number 5-3, 5-4
Blocks, NC, maximum number per
program 5-2

Boring cycle 5-26
Boring cycle code 5-22
Boring cycle with dwell code 5-22
Boring cycle with spindle off
code 5-22
Buffered mode 3-43

C

Cables, connecting and disconnect-
ing 2-4
CAD, CAD programs 1-2, 1-9
CAD engraver program 1-9
Call to subprogram 5-13
Call to subprogram code 5-28
CAM, spectraCAM 1-2, 1-9
Canned cycle
boring 5-6, 5-26
boring with dwell 5-6
boring with spindle off 5-6
cancel 5-6, 5-22

codes D-2
drilling  5-6
dwell 5-24

G codes for 5-6, 5-22

peck drilling 5-6, 5-24

programming 5-22, F-2

straight drilling 5-23

straight drilling with dwell 5-6

tapping 5-6

tapping threads 5-25
Categories of NC code 5-3
Chain to next program 5-12, D-5
Change view (verify) 3-23
Check reference point code D-2
Circular interpolation 1-2, 5-3,

5-18, 5-42
clockwise, code for 5-5, D-1
counterclockwise, code
for 5-5, D-1

Clamp ACC2 code 5-12, D-4
Clear command 3-15
Command line switches E-2, E-4
Commands, selecting 3-5
Comment codes 5-3, 5-14
Communications, machine E-2
Compensation

functions group 5-7



offset value 5-3, 5-11
Computer
connecting to machining cen-
ter 2-6
positioning with machining
center 2-4
Connecting to system compo-
nents 2-7
Continuous motion 3-18
Control program
about the 1-6
fourth axis 6-12
installing the 2-8
running/starting the 3-2, 4-2
screen 3-7
Control program messages A-1
Coolants B-2
Coordinate system
group codes 5-8, D-2
machine 3-38
setting the 3-51
world 3-38
Coordinate systems
command 3-8, 3-49, 3-53
Copy command 3-14
Corner offset circular interpola-
tion 5-42
Corner offset code D-3
Cross slide 7-2, 7-10
Cut command 3-14
Cutter compensation 5-34
canceling 5-7, 5-43
codes D-3
IJK vectors 5-38
left 5-7
right 5-7
setting offsets 3-47, 5-39
starting 5-34, 5-35
Cutting tool, attaching to tool
holder 6-3
Cycle start button 1-4, F-2
Cycle stop button 1-4, F-2

D

D code 5-11

Depth of cut B-1

Dialog boxes 3-5

Display speed command 3-31
DOS, working in  E-1

Dry running a sample program 4-9
Dwell code 5-6, D-1

Dwell time 5-3
DXF files 1-2

E

Edit menu 3-14
Edit window 3-7
EIA RS-274D NC codes 1-2, 1-6
Emergency stop
button, location of 1-4
display in Limits Window 3-8
while running a program 3-35
Emergency stops, making 4-5
End of program code 5-12, D-4
Enforce soft limits 3-45
Environment variables, DOS E-1
Error messages A-1
Establishing tool offsets 6-10
Estimate run time command 3-36
Exit command 3-13

F

F code 5-11

Fanuc codes 5-5

Feed rate 5-3, 5-11, B-1

Feed rate override 1-4, 3-44

File menu 3-10

Find again command 3-15

5C chuck, using 6-18

Floating zero format 3-39

Floppy disks, caring for 7-19

4th axis rotary positioner 6-12, 1-8

G

G codes 5-4

G&M codes 1-9

General machining information B-1
Glasses, safety C-1

Go to code 5-13, D-5

Goto position command  3-40
Graphics card  E-1

H

H code 5-10, F-4

Helical interpolation 5-20
Help command 3-55

Hidden commands (verify) 3-31
Hide inputs command 3-37
Hide position command 3-37
Home code D-2

Homing
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Index

commands 5-31
coordinates 3-52

| code 5-10
I/O update 3-44
Inch programming code 5-5, D-1
Incremental

arc centers 5-3

coordinate programming

code D-1

motion 3-18

programming mode 5-7
Input selection number 5-3
Inputs  3-19
Inputs window 3-9
Installation

control program software 2-8

quick change tooling 6-2
Interface cable 2-6
Interlock switch 4-5
Interpolation  1-2

circular 5-18

linear 5-17
Interpolation group codes 5-5, D-1

J

) code 5-10

Jog
distance 3-40
settings 3-18
speed 3-40

K

K code 5-10

Key lock switch 1-5

Keyboard, stopping machine opera-
tion with 4-5

Keypad directions, manual con-
trol  3-19

L

L code 5-11, 5-28
Limit switches
location of 1-3
stopping machine operation

with  4-6
Limits window 3-8
Linear

bearings, adjusting 7-4, 7-12

interpolation
code for 5-5
programming 5-17
slides, maintenance 7-3, 7-11
Linear interpolation code D-1
Linear motion code D-1
Linear segments code D-5
Lock files 3-45
Locked command 3-17
Loop counter code 5-3, 5-11, 5-28
Low profile clamping kit 1-8
Lubricants B-2
Lubrication, linear slide 7-3, 7-11

M

M codes 5-12
Machine communications E-2
Machine coordinate system  3-
38, 3-52, 3-54
Machine state, saving 3-45
Machining center
connecting to computer 2-6
positioning with computer 2-4
setting up  2-3
unpacking 2-3
Machinist kit 1-8
Maintainance
machining center 7-2
PC 7-18
Maintenance
linear slides 7-3, 7-11
Manual control command 3-18
Manual/CNC mode switch 1-4
Maximum blocks per program 5-2
Measurement mode, selecting 3-45
Memory, expanded E-2
Menu bar 3-9
Menu options, selecting 3-5
Message bar 3-9
Messages, control program A-1
Metric programming code 5-5, D-1
Machine/robot communication F-3
Miscellaneous codes 5-3, 5-12
Mouse, using the 3-6
Move to reference point 3-51
MS-DOS  1-2, 1-7
Multiple coordinate systems 3-52
Multiple tool
codes 6-9
programming 6-9
programming, testing 6-11



N

N code 5-4
NC code
categories of 5-3
for robotic communication F-4
NC Files, splitting E-5
NC part programs = 5-2
Negative limit 4-6
New command 3-10

o

O code 5-4, 5-28
Offset

number code D-3

removing 3-51

sides, changing 5-41

table D-3

tool length 5-3

values, changing 5-40
Open command 3-10
Optional

components 1-7

skip  3-43, 5-3, 5-4

stop 3-44, 5-12, D-4
Output current position to file

code 5-13, D-5

Output to file code 5-13, D-5
Outputs window 3-8
Override feed 3-19, 3-41

P

P code 5-14
P code, calling subprograms 5-28
Pan commands 3-29
Paste command 3-14
Pause

codes D-1

during verify = 3-32

G code for 5-6, D-4

M code for 5-12

while running a program 3-34
PC, maintaining 7-18
Peck depth 5-3, 5-10
Peck drilling code 5-22
Peck drilling cycles 5-24
Plane selection codes 5-5, D-3
Polar programming 5-30
Polar programming cancel

code D-2

Polar programming codes 5-9, D-2

Port, communications E-2
Position update 3-44
Position window 3-8
Positive limit 4-6
Power
connecting 2-7
switch location 1-5
Preferences 3-45
Preparatory codes 5-3, 5-4
Preset position code 5-7, D-2
Primary X motion dimension 5-3
Primary Z motion dimension 5-3
Print command 3-13
Problems, start up 3-4, 4-3
Program cycle counter 5-3
Program settings, running pro-
gram 3-33
Program stop code 5-13, D-4
Programming
4th axis 6-14
suggestions  5-15
Programming mode group
codes 5-7
proLIGHT
control program 1-2
machining center
components 1-2
installing the 2-2
integrating with robots F-1

Q

Q code 5-10
Quick change tooling 1-8
model ACC-5140, installing 6-5
model ACC-5141, installing 6-2
Quitting a running program 3-35

R

R code 5-10

Radius of arc, drilling start location
(R code) 5-10

Rapid

to initial position code 5-22
to point R code 5-22
traverse
code 5-5, D-1, D-2
programming 5-21
README.NC 1-11
Reference point
moving the 3-51
setting the 3-50, 3-54
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Index

Reference tool, establishing a 6-10
Registering your machine 2-2
Remove offsets 3-51
Renumber command 3-17
Replace command 3-16
Return from subprogram
code 5-13, 5-28
Return to reference point code D-2
Rewind 5-13, D-5
Robots  2-6
communication with the machin-
ing center F-3
inputs  3-19
integrating with  F-1
synchronization codes D-1
Rotary positioner
installing  6-16
lubricating 7-17
maintaining 7-17
removing 6-16
ROTARY.NC sample program, run-
ning 6-15
Rotation
and scaling 5-51
codes for 5-8, 5-49
Rotation codes D-3
Rotation commands 3-28
Rules, safety C-1
Run
command 3-33
menu  3-18
mode 3-43
settings 3-42
Running a sample NC program 4-7

S

S code 5-11
Saddle 7-3, 7-4, 7-11, 7-12
Safety

glasses C-1

precautions 3-33
rules 4-4, C-1
shield C-1
interlock switch 4-5
location of 1-3
Sample NC program 4-7
Save as command 3-11
Save command 3-11
Save machine state 3-45
Scaling
and rotation 5-51

codes for 5-8, 5-45
creating mirror images with 5-47
each axis 5-46
Scaling codes D-3
Search command 3-15
Selecting
commands 3-5
menu options  3-5
Set
initial position 3-22
jog distance 3-18
jog feed 3-19
offset from standard zero 3-22
position 3-52
reference point 3-50
robot output D-5
tools 6-9
Set jog distance command 3-40
Set jog feed command 3-40
Set limits command 3-48
Set offsets command 3-47
Set part radius code D-5
Set position command 3-38
Set preferences command 3-45
Set reference point code D-2
Set robot output code 5-13
Set run settings command  3-42
Set tools command  3-46
Setting
offsets 5-39
soft limits  5-32
Setup cs  3-51
Setup menu 3-38, 6-9
Setup program, running the 2-9
Shield
interlock switch 4-5
safety C-1
Shift Z axis code D-3
Show position 3-37
Single line mode 3-43
Single step 3-32, 3-44
Skip 5-3, 5-4
Soft limits, enforcing 3-45
Software installation 2-8
Specify depth of cut code 5-22
Specify length of dwell code 5-22
Specify number of repeats code 5-22
Specify starting reference point
code 5-22
spectraCAM  1-2, 1-9



Vi

Spindle
belt
proLIGHT 2000 7-5
proLIGHT 2500 7-13
maintenance
proLIGHT 2000 7-4
proLIGHT 2500 7-12
motor, location of 1-2
motor off code 5-12, D-4
motor on code 5-12, D-4
shaft, checking for play 7-5
speed
code for 5-3, 5-11
control switch, location of 1-4
Spindle speed 3-20, B-2
Spindle taper 1-2
Splitting NC files E-5
Start up problems 3-4, 4-3
Starting the control program 3-2, 4-2
Startup mode 3-45
Stock size, setting for verify 3-21
Straight drilling 5-22, 5-23
Subprograms
call to D-5
codes for 5-3, 5-4
nested 5-28
reference block code 5-28
reference number code for 5-14
return from code D-5
starting block number for 5-3

T

T code 5-11
Tab key, selecting with the 3-6
Tapping cycle code 5-22
Tapping threads 5-25
Testing, multiple tool programs 6-11
Tool
body, installing and removing 6-2
change code 5-12, D-4
height sensor, using the 6-8
holder
attaching the cutting tool 6-3
installing and removing 6-4
length offset code 5-3, 5-7, 5-
52, D-3
offset adjust 5-53
offsets, establishing 6-10
safety C-2
selection 5-11
specification 5-3
window 3-26

Tools
sharpening B-4
types of B-3

Traverse motion 3-18
True arcs code 5-13
TTL I/O connector 1-4
location of 1-5
pin designations F-2

U

U code 5-9
Unclamp air chuck code 5-12, D-4
Uniform scaling 5-45
Units command 3-45
Units group 5-5
Unpacking the machining center 2-3
Update current line in block
mode 3-44

V

Variable acceleration mode 3-43
Verification, stopping 3-32
Verify
program command 3-21
screen 3-24
View
change command 3-31
changing during pause 3-23
front command 3-31
right command 3-31
options  3-26

%%

W code 5-9

Wait codes for robots 5-6

Wait group codes 5-6, D-1
Windows menu 3-37

Words, NC  5-2

Work coordinates 3-53
Workpiece window 3-26

World coordinate system 3-38, 3-52

X

X position, setting 3-38

X axis coordinate code 5-9

X axis coordinate of center point (I
code) 5-10

X code 5-9, 5-10
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Y

Y axis coordinate code 5-9

Y axis coordinate of center
point 5-10

Y code 5-9

Y position, setting 3-38

Y4

Z axis coordinate code 5-9
Z axis coordinate of center point (K
code) 5-10
Z code 5-9
Z position, setting 3-38
Zero point
coordinate system 3-38
X and Y, setting 3-39
Z axis, setting 3-39
Zero position command  3-39
Zoom commands 3-28
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proLIGHT 2000 Machining Center Accessory List

Accessories

Automatic Tool Changer

This four-station ATC transports tools
directly to the spindle, increasing pro-
ductivity. The ATCincludes four tool
holdersandasetof ER-20 collets: one
eachof1/16",3/16",1/4",1/2" and
two3/8". (Factoryinstalled.)

Machining Center Machinist Kit
This option (ACC-5110) providesa
52-piecehold down set,a 3-inch vise
foracrossslide with hold down provi-
sions, four R8 collets (1/8",1/4",1/2",
and 3/4"),seven 4-flute high-speed
steel center cutting end mills (1/8",
3/16",1/4",5/16",3/8",7/16" and 1/
2"), two 2-flute high-speed steel ball
endmills (1/8"and 1/4"),azeroto 3/
8"J2Jacob’s chuck withakey,an R8
to 2] T drill chuck arbor, ball screw lu-
bricant,a12-inch-long T-handle hex
wrench (3/8"),and an edge findet.

End Mill Package

The End Mill Package (ACC-5120) in-
cludes: five high-speed steel
centet-cuttingend millsin1/8",3/16",
1/4",5/16",and 3/8" sizes and two
high-speedsteelballend millsin1/8"
and 1/4" sizes. Allend mills have 3/8"
shanks.

Long Flute End Mill Package

This end mill package (ACC-5122) in-
cludes five four-flute HSSin 1/8",3/16",
1/4" 3/8" and1/2" sizesand three
four-flute HSS centercutting ball single
end millsin1/16",1/4",and 3/8" sizes.

Jacob's Chuck and Arbor

The Jacob's J6 Drill Chuck with R8 to
J6 Arbor (ACC-5130) consists ofa
Jacob's chuck which opens from 0" to
1/2". The chuck comes with akeyand
an R8 to J6 arbor.

Quick Change Tooling

Quick Change Tooling (ACC-5141) al-
lows easyintegration of multiple tools
when runningan NC program. This
packageincludesa quick change tool

body foran R8 spindle,atool holder
stand for up to ten tools, two 3/8-inch
end mill tool holders,a1/4-inch end
mill toolholder,a1/2-inch end mill
toolholder,aJ2holder,and anelec-
tronic heightoffsetsensor.

Quick Change Tool Holders
Thereare five sizes of Quick Change
ToolHolders to choose from:1/8"
(ACC-5143),3/16" (ACC-5145), 1/4"
(ACC-5147),3/8" (ACC-5149), and
1/2" (ACC-5151). Thereisalsoa ]2
Taper Quick Change Tool Holder
(ACC-5155).

Low Profile Clamping Kit

This clamp (ACC-5180) adjusts to un-
usually shaped parts and offers quick
camaction clamping for fast setups
and repeatablelocation. Itincludesa
custom ground and hardened rail with
astop, four clamp base assemblies with
bolts, T-nuts and hex keys.

Hold Downs and Vise

The Hold Downs and Vise (ACC-
5185) for use with the proLIGHT
Series Machining Centers,includesa
52 Piece hold-down set,and a 3" vise
with capacity of openingup to 4"

4th Axis 5C Rotary Positioner
Thisisacomplete 4th axis rotary
positioner (ACC-5222) that mounts di-
rectly onto the machine table. This
servodriven rotary positionerincorpo-
ratesa 5C collet system with a manual
colletcloser. (Factoryinstalled.)

The Digitizing Package (ACC-5261)
captures 3-D surface dataon existing
pieces withdepthsupto11/2inches.
The package includes a touch signal
probe, digitizing software,a20mm-
long stylus with a 3mm- diameter head,
a20mm-long stylus extension,and an
8mm R8 collet.

5C Collet Set

This set (ACC-5370) contains four 5C
collets for use with the 4th Axis 5C Ro-
tary Positioner (1/4",1/2",3/4" and
1.

5C 3" 3-Jaw Self-Centering Chuck
Thisindustrial grade chuck (ACC-
5372), for use with the 4th Axis 5C
Rotary Positioner, comes with two sets
ofhardenedsteel jaws and a chuck key.

Mobile Workstation with Storage
Cabinets

The Mobile Workstation (ACC-5590)
providesalaminated 60" wide by 30"
deep work surface. The storage cabi-
netsare mounted onamobile base
with four 6" diameter heavy-duty ball-
bearing casters. The overallheight of the
workstationis 31.25".

CAD Engraver Tool Set

The CAD Engraver Tool Set (ACC-
5710) consists of one carbide conical
nose 60° end mill with 1/8" shank, one
carbide 4 fluteend mill 1 /16" with 1/
8" shank,and one carbide 4 flute end
mill 1/32" with 1/8" shank.

Vacuum System

The Vacuum System (ACC-5730) con-
sists of avacuum with noise reduction
features,a1-1/2-inch-diameter 6-foot
hose,anozzle,amountingassembly,
and anelectrical relay for NC program
control.

Air Vise Robotic Interface

This computer-controlled air vise
(PNU-4115) allows automatic holding
ofwork pieces for production applica-
tions. The vise opens to a maximum of
3inches whenused with the replace-
ablevisejaws,or3-1/4inches
maximum when used without the jaws.
Thevise comes complete and ready to
interface with a standard shop air sup-
ply, filtered and regulated from 50 to
125psi.



Portable Air Compressor

The portable air compressor (PNU-
4535)isanintermittentduty, 3/4hp,
oil-less air compressor with a built-in
color-coded regulatorand pressureselec-
tion chart. It delivers 2.1 CFM at 90

psi.

Machinable Wax Milling Stock
There are two Machinable Wax Stock
Packagesavailable for the proLIGHT
Machining Centers. PKG-91101in-
cludes 8large blocks and PKG-9120
includes 50 small blocks of blue ma-
chinable wax.

CAM Software

spectraCAM Milling and Turning
specttaCAMis an industrial CAD/CAM
package thatgenerates part programs that
can be run on the proLIGHT 2000.
spectraCAM canimportpartgeometry
from CAD programs thatexport DXT
files (suchas AutoCAD). spectraCAM
isavailable for both MS-DOS-com-
patibles (CAM-6601) and Macintosh
computers (CAM-6602).

spectraCAM Milling for Windows
spectraCAM for Windows (CAM-
6721) is a CAD/CAM part
programming package designed foruse
with all Light Machines' CNC machin-
ing centers.

Theincluded CAD program,
spectraCAD, uses the simplicity of
graphicbuttons and tool bars. A variety
of drawingand editing tools assistin
constructing geometry easily, quickly,
and precisely. spectraCAD candisplay
the geometryinanumberof different
ways and provide printed output for in-
spection. Bidirectional DXT file
transfer capability makes spectraCAD
and spectraCAM compatible with other
applicationslike AutoCAD.

Curriculum/Software

enLIGHT Milling Volume 1
Anintroductory curriculum package
(CUR-7111) that takes students
through the CAD/CAM/CNC process to
produceamachined part. Includesa
computer program, aStudent Edition
of AutoSketch, Light Machines' CAD
to NC program, Instructor's and
Student's Resource Guides and three
machining part projects.

The projectsincluded with the
enLIGHT packagesare based oncore
curriculum subjects to reinforce basic
disciplines such as math, science, and
engineering, with an emphasis on
problem-solving skills.

Introduction to CNC Video Package
The Introduction to CNC Video Pack-
age (Milling, DOC-7911) isoneof
many curriculum packages that Light
Machines offers as part of the Manu-
facturing Technology Interactive

(MTI) series of products.

This comprehensive package describes
and defines CNC technology, reviews
its history, examinesits uses, studies
manufacturing operations, presents ca-
reer opportunities,and applies problem
solvingskills through activities and
projects.

Introduction to CNC Workbook
(Student Edition)

A studentworkbook (DOC-7531) pre-
senting topics such as using the mill,
coordinate systems, NC programming,
editing part programs, and verifying
and running partprograms. Includes
CNCmilling projects.

Introduction to CNC Workbook
(Teacher Edition)

This teachet's workbook (DOC-7541) is
similar to the student workbook, but
includes teacher notes andinstructions
toassistin the presentationof the topics.
Answers to post-test reviews are pro-
vided. Includes sample programs for
milling projectson 3.5" disks.

N-See Tutor

N-See Tutor (CUR-6581) provides an
interactive environment forlearning to
write instructions for NC machine
tools. Each time youenteraline of
NC code,N-See Tutor simulates the
toolmoving through the workpiece as
though the partisactually being

machined.

N-See Tutorincludes computer-based
interactivelessons thatteach NC pro-
gramming structure, G&M codes, part
planning, and coordinate systems.





